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INTROIUCTION

Babs, projectiles, mines, and other munitions are loaded with binary
explosives to enhance the explosive characteristics, chemical/thermal
stabilities, and shelf life of munitions.

Currently, there exists a large tonnage of obsolete/unserviceable binary
explosives loaded mmnitions for demil and disposal.

The traditional methods employed by the United States Military for the demil
and disposal of explosives were:

(1) Burial in the ocean
(2) Burning and/or detonating in the open air
(3) Controlled burning of small munitions in deactivation furnaces

(4) Using a hot water/steam washout system followed by disposal of dried
explosives.

The Ammunition Equipment Office, TEAD, Tooele, Utah have been studying an
alternative washout technique to washout and recover the explosive camponents
fram:one of the binary explosives, comp B.

Designated potential demil inventory of Comp B loaded 3.5 inch rocket is
shown in Table 1.

The chemical camposition of camp B consists of 60% RIX, 393 TNT, and 1% wax.
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TABLE 1

POTENTIAL DEMIL INVENTORY OF COMP B

3.5 Inch Rocket 7,465,100 pounds (3,9?9,000 ea)

SOURCE:

JCAP DEMILITARIZATION/DISPOSAL HANDBOOK “*
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Our goal was to develop an organic solvent washout technique that required
(1) a low washout temperature, (2) a low operation pressure, (3) a single
washout and separation process. ’

Technical Discussion

Organic solvent washout/reclamation technology utilizes three mutually
beneficial physical/chemical principles: these are (1) the solvation action of
a warm solvent, (2) the high pressure mining action of liquid, and (3) the
selective solubility of an organic solvent.

The solvation action of the warm organic solvent augments the high pressure
mining action of the solvent, resulting in a very rapid washout of binary
explosive fram its casing. Then, the selective solubility effect of the
organic solvent will effect the separation of the binary explosive into
separate camponents, resulting in immediate and effective recovery of the
soluble and the insoluble species. ‘

To be suitable and effective, the candidate solvent should meet the
following requirements: (1) it has a relatively high boiling point, (2) it
has a low vapor pressure, (3) it has a good solvation property toward cne of
the explosive components, (4) it has a well defined selective solubility on the
explosive camponents, and finally (5) it is thermally and chemically stable
with the explosive components being washed out and most important it will not
present a toxic hazard to the operators.

Thus, among the organic solvents investigated and considered, toluene was
selected as a candidate solvent for the washout/recovery of explosive

components fram conmp B.

The solubility data of RIX and TNT in toluene is shown in Table 2. For
conparison, their solubility in benzene is also included.

878




e s s - . L e R (ST e g S TR

TABLE 2

SOLUBILITY QF TNT AND RIX IN BENZENE AND TOLUENE

Solubility in 100 of Solvent

Solvent Temp. 20°c 50°C

INT 67 gm 284 gm

RIX 0.045(0.0678) gm | 0.0115(0.04%) gn

INT 55 gm 208 gm
Toluene

- RIX 0.02(0.36%) gm 0.085(0.04%) gm

ST TR TR A T ot S enbadiRe, L Y
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From this data, the following assumptions are made.

(1) During the washout cycle, 208 pounds of TNT would dissolve in 100
pounds of toluene at a solvent temperature of 50°C, however, only 55 pounds of
TNT would dissolve in 100 pourds of toluene at 20°C. The RIX is virtually
insoluble in toluene at these temperatures.

(2) Daring the recovery cycle, the insoluble RIX will settle in the bottem
of the washout tank and be recovered. This RIX can be washed with fresh
solvent to remowve any residual INT or wax.

(3) 1In the oooling cycle, TNT rich solvent is cooled fram 50°C to 20%.
INT would precipitates from the super saturated solvent and can be recovered.

Description of Test Apparatus and Experimental Procedures

Figure 1 shows the apparatus constructed by the Ammnition Equipment Office
to conduct the washout tests. The test unit is primarily consisted of (1) a
washout tank, (2) a settlind tank, (3) an organic solven resevoir and heating
tank, (4) a water heater, (5) a projectile holder/nozzle assembly, and (6) two

pneumatic diaphram punps.

Electrical heating elements were used to heat water to the temperature of
75°%. An air-driven diaphram puwp forced this hot water through the heat
exchanger coils sukmerged in the toluene.

The toluene in the solvent resevoir tank was heated to 50°C and maintained
at this temperature by an autamatic temperature controller, which adjusted the
circulation of the hot water through the heat exchanger coils.

The munition to be washed was placed in the holder, centered above the
nozzle. When the solvent teperature approached 50°C, the air driven solvent
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punp was actuated. The pressure of solvent in the line to the nozzle
fluctuated between zero to 40 psig as the punp cycled. Hot toluene was jetted
into the munition cavity, rapidly washing the camp B out into the washout
tank.

The soluble TINT was quickly dissolved into the warm toluene, and remained in
the solvent as a solute. This INT rich solvent flowed through the settling
tank to the solvent resevior tank where the solvent was again heated to be’
recycled. Most of the settling of the insoluble RIX was accomplished in the
washout tank before the solvent overflowed into the settling tank where the
remainder of the RIX settled out.

After three minutes of washing, the solvent pump was turned off and the

mumnition was removed and visually inspected. This process was repeated until
the comp B was washed fram the munition.

Test Results

Two types of camp B loaded munitions were washed out during the initial
testings. The 105mm projectiles, each containing about 5 pounds of explosive,
were oopletely washed out in 12 minutes. Approximately 80% of caomp B was
washed out in the first 6 minutes. Figure 2 shows, the reason the washing out
of the remaining explosive took an additional 6 minutes was that the nozzle did
not direct the flow of solvent with full force into all areas of the cavity.
Only the solvation effect was available to remove the rind camp B.

It required 9 minutes to washout a 3.5 inch rocket. Approximately 70% of
camp B was washed out in the first 3 minutes. The shape of the cavity made
quick removal of the explosive difficult. Again, the lack of a correct
matching configuration is the reason for the long washout time. The objective
of these tests did not include optimization of nozzle designs. This work is
planned for accamplishment in future tests.
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When the washout process was campleted, RIX was retrieved fram the bottam of
the washout and the settling tanks. The recovered RIKX is shown in Figure 3.
This recovered RIX had a light yellowish color, and a sand-like crystalline
form. The drying and the purity analysis of recovered RIX have not yet been
done but samples will be supplied to Ir Harold Matsuguma at Doner NJ for

' analysis in his laboratory.

™NT

TNT would be recovered when the temperature of this toluene is cooled fram
50'C to 20°C. When recrystallized from solvent, this recovered TNT will be
free of RIX and wax contaminations. At the time of this report, the
sensitivity study of the TNT-toluene has not been completed, thus, no atteampt
has been made to recover TNT fram the toluene solution.

WAX
The wax in comp B will not be recovered with this process because of its
marginal economic value. It will remain dissolved in the recycling solvent.

Conclusions

In conclusion, this study had demonstrated that the comp B explosives fram
105mmn projectiles and 3.5 inch rockets were successfully washed out and RIX was
recovered, using toluene as the washout medium.
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This rapid washout was accarplished by the ocaxbined effacts of mining action (
and solvation action of a warm solvent. The immediate and effective
separation/recovery of RIK and TNT was achieved by the selective solubility of

the organic solvent used.

The test results suggested that the organic solvent washout technology is
versatile and can be readily adapted to other munition washout.

Finally, I would like to discuss hriefly some of the possible advantages
that can be derived fram this technique, they are:

(1) ‘The overall process of washout/separation is simplified and the
production rates are increased.

(2) The separate recovery of explosive components is possible in a single
operation.

(3) This technique could be adopted to other explosive washouts by simply
changing organic solvent.

(4) The washout temperature and pressure are much lower than other methods,
thus require much less energy.

(5) The maintenance requirement for the process equipment are reduced due
to the non~-corrosive nature of organic solvent used.

Future work planned includes optimization of equipment and the process. If

ecconomic analysis then proves the value of the new method, a design of
production facility will be completed.
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INTRODUCTION

A large quantity of bulk packaged tear gas agent CS is designated for
demil/disposal. ARRCOM records indicate a total amount of bulk CS in the
Demil account of 2,300,000 pounds (Reference 1.). This &uantity could
increase by at least another million pounds,

The currently planned method for the disposal of bulk CS is burning in
multiple stage incinerators (Reference 2.). This method not only results in
the loss of a valuable raw material, but is also an anergy expensive disposal
process without economic return.

AEO has postulated and proposed a relatively simple chemical conversion
process for bulk CS (tear gas), resulting in the non-toxic raw material,
9-chlorostyrene, o~chlorocinnamic acid, and a by-product, ammonium sulfate.
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TECHNICAL DISCUSSION

Chemistry

1. Tear Gas (CS)

The generic nomenclature of the chemical agent CS is
o-chlorobenzalmalononitrile. The structure of CS is given in Figure 1.

FIGURE 1 o-Chlorobenzalmalononitrile
Thias chemical compound contains two nitrile functional groups at the second
position of the vinylic and of the molecule.
2. Proposed Chemical Conversion

Removal of these two nitrile functional groups effects the chemical

conversion of bulk CS to o-chiorostyrene.

¢! ~C=N i CH=CH
CH=C —t ek

~NC=N
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The first step 1s an
The sacond

The overall process involves two reactions in series.
acid or base catalyzed hydrolysis of CS to o-chlorocinnamic acid.

reaction is the decarboxylation of this intermediate product to give

o-chlorostyrene.

a. Acid Catalyzed Hydrolysis

When sulfuric acid is used as a catalyst in the hydrolysis reaction of CS,
the initial product is the diamide formed by addition of H;0 to the nitrile

groups as shown in equation 1,

~C—NH2 W

but since amides are also hydrolyzed by acid, the free acid (o-chlorocinnamic

acid), ammonium sulfate, and €0, gas are the final products from this reaction,

as shown in equation 2.

ci C-NH =
- 2 CH=CHCO2H 4
= H» S0,
@("” c\ﬁ—NHz HZO‘ +(NHg)2S0s +C02 (2
B ‘
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b. Decarboxylation of O-Chlorocinnatmic Acid

The second reaction, the decarboxylation of o-chlorocinnamic acid to
gfﬁhlorostyrene, is facilitated by the nature of the resonance structures of
the 6(%/9 -unsaturated free acid, and the ability of the ionic o-chlorocinnamic
acid to disperse electron density over the entire structure of the molecule.

Thus the decarboxylation reaction should proceed as shown in equation 3.

Ccl - cl
CH=CHCO2H CH=CHp 4 @)
_— +C0p

Experimental Procedures and Results

1. Acid Catalyzed Hydrolysis of CS

A 250 milliliter (ml), three neck round bottom flask was equipped with a
water cooled reflux condensor, a mechanical stirrer, a heating mantle, a

thermometer, and a variable transformer as shown in Figure 2.

L—

FIGURE 2 Hydrolysis Apparatus
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Fifty ml of freshly prepared acid solution (70%Z v/v) was cooled in an ice
bath to 30°C and added to the flask. While stirring the solution, five grams
of CS was slowly added to the flask, producing a uniform slurry of CS and acid.
The mixture was heated to 90°C and this temperature maintained until the slurry
was completely dissolved, resulting in a clear amber colored solution. The
temperature of the reaction mixture (amber solution) was then increased to
125-135°C where it began to reflux. When the solution had refluxed for one

hour, a white solid began to form in the solution.

After four to eight hours of refluxing, the contents of the flask were
decanted into a 1000 ml flask, diluted with 500 ml of cold water, and allowed

to cool to room temperature. The mixture was filtered through a Buchner funnel
to separate the solid from the filtrate which was collected and set aside for

further treatment.

The solid was dissolved in a dilute basic solution and the insoluble
impurities were, removed by filtration. The resulting clear yellow solution was
acidified withvhydrochloric acid solution to produce a white solid. This
mixture was then filtered and the purified solid product, which is

o-chlorocinnamic acid, was collected and air dried.

The filtrate was transferred to 1000 ﬁl beaker which was placed in an ice
bath. The NH3 gas was slowly bubbled in and reacted with the filtrate
approximately one hour, producing ammonium sulfate crystals. The crystals were
collected by filtration and air dried.

2. Results of Hydrolysis Reaction

a. Acid Concentration

The results of the four-hour reactions are shown in Table 2.
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TABLE 2. Results of Hydrolysis of CS (with reaction time 4 hrs)

Hps04 . ,
Run Conc. ‘ Temp Cs o0-CCA Conversion
No. (%) {°C) (gms) (gms) (mole X)

KA440 40 130-135 5.022 0.619 12,74

KA450 50 " 6.712 2.403 36.96

KA460 60 " 5.798 2.849 50.02

KA471 70 " 4,921 3.774 78.88

KA472 70 - 6.548  4.773 75.32

KA480 80 " 4.775

*0-CCA=o—chlorocinnamic Acid -

Data from Table 2 was plotted in Figure 3 showing the percent yield as a

function of the sulfuric acid concentration while the reaction time was held

constant at four hours. The rate of hydrolysis of CS increased linearly as the
sulfuric acid concentration was increased from 40% to 70%, indicating that the

rate of hydrolysis of CS is dependant on the acid concentration.

When the concentration of H,S04 was increased to 807%, the predominant
product was a polymeric material rather than the desired o-chlorocinnamic acid.

Therefore no data for this concentration is given in Table 2.
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b. Reaction Time

The results of the reactions, where tha sulfuric acid concentration was
wmaintained constant at 70X while the reaction times were allowed to vary, are
given in Table 3.

TABLE 3 Results of Hydrolysis of CS
(with 70% sulfuric acid concentration)

Reaction ,
Run Temp. Time Cs 0-~CCA Conversion
No. : (°C) (Hours) (grams) (grams) (mole X)
KA 170~1 130-135 0.5 5.223 3.042 60.13
KA 170-2 " 1.0 6.591 4,457 69.93
KA 270~1 " 1.0 5.461 2.910 55.14
KA 270-2 " 2.0 7.022 4.870 - 71.69
KA 470-1 " 2.0 4,941 3.774 78.88
KA 470-2 " 4.0 6.548 4,773 75.32
KA 670-1 " 4.6 6.477 5.648 90.17
KA 670~2 " 6.0 7.938 5.583 73.92
KA 870~1 " 6.5 4.537 - 3.717 84,46
KA 870-2 " 8.0 8,225 6.223 78.16

*0-CCA = o-chlorocinnamic Acid

Data from Table 3 is plqtted in Figure 4 showing the ﬁercent yield as a
function of reaction time while the sulfuric acid concentration of each run was
held constant. Figure 4 indicates that the maximum yield (90X) was obtained
when the sulfuric acid concentration was 70% (V/V) with the reaction time of
five hours, and the temperature being maintained at 130-135°C.
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3. Decarboxylation of o-Chlorocinnamic Acid

Seventy-five grams of air dried gfchlorocinnamic.acid obtained from the acid

catalyzed hydrolysis of CS was mixed with 20 grams of NaOH.CaO and'S graas of
copper powder. This mixture was added to a 200 ml, two neck round bottom

flask.

The flask was initially attached to an air-cooled reflux condensor and a
temperature gauge (range of - 10°C to 500°C), and was placed in a heating

mantle.

The mixture was gradually heated to the melting temperature of
o-chlorocinnamic acid (200°C), and maintained at that temperature until all of

the acid had melted, producing an amber liquid. Then the temperature was
increased to 270°C.

When the decarboxylation reaction started, a white vapor was evolved, and it

solidified on the inside surface of air cooled reflux condensor.

The solid in the condensor was soon dissolved by the refluxing action of the
product, and came back into the reaction flask. After all the white solid had
dissolved, the air-cooled reflux condensor was quickly replaced with a
water—cooled distillation condensor which had a collection bulb attached. The
olly product collected had no color initially, but darkened as the
decarboxylation reaction progressed. The temperature of the material in the
reaction flask was increased from 270°C to 460°C during the three hour
decarboxylation reaction time. When the reaction was stopped at 460°C, the oil

coming over the distillation column had a light brown color.

897



4. Results of Dacarboxylation Reaction k

a. Reaction - three decarboxylation reactions were run, and the rasulte are
summarized in Table 4.

TABLE 4. Results of Decarboxylation of o-Chlorocinnamic Acid 4

RUN NO. 1 2 3

g o-chlorocinnamic acid (moles) 0,41 0.44 L.38 |
o~chlorostyrene (moles) 0.14 0.13 0.16 f
Yield (molar percent) 34.15 29.55 42,11 g

The average yield of product was 35.27%. The residue is a mixture of !

polymeric products and other materials. No attempt was made at this time to

recover a product from the residue.

5. Identification and Analysis of Products

The instrumental analysis of all products were performed using the following }
instruments: a) a Varian~EM 390~90 Nuclear Magnetic Resonance Spectrometer; b) :
a Hewlet—-Packard 5982-A Mass Spectrameter; c) a Perkin-Elmer 457 Infrared
Abgorption Spectrameter; d) a Waters M~600 UV-254 High Pressure Liquid
Chromatograph; e) a Beckman GC-2 Gas Chromatograph; and f) a Thomas Hoover
Capillary Melting Point Apparatus.

o . e T S AN o5 e T
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Pilot Plant Study

1. Plant layout

Bused on the results obtained from the laboratory study, a pilot plant was
designed and constructed. This pilot plant has the process capacity of 8 to 16
pounds bulk tear gas per day. The pilot plant concept and the flow chart are
given in Figures 5 and 6.

2. Operation Procedures

Bulk CS which is contained in a multilayer paper bag is placed in the glove
box. An operator, manipulating from the eutside of the glove box, opens the
bag and dumps the CS to the circulating sulfuric acid.

The mixture is pumped into a preheater/reactor where the mixture is heated
to the temperature of 90°C, for 30 minutes. Then the solution is transferred to
the second reactor and reacted for 8 hours at the temperature of 125°C.

The reacted material is then pumped into the holding tank and is diluted
with cold water. Then it 1is centrifuged next, to separate and recover
o-chlorocinnamic acid from the solution. The o-chlorocinnamic acid is placed
in a forced air oven and dried. The solution is pumped into the ammonolysis

tank, and NH3 gas 18 bubbled in to react with the excess acid, producing
additional ammonium sulfate.

Dried o-chlorocinnamic acid is mixed with a catalytic amount of copper
sulfate and soda lime and charged into the decarboxylation reactor.

The temperature of the reactor is gradually increased to 370°C and
maintained at this temperature until reaction is completed. The decarboxylated
_ product, o-chlorostyrene, 1is condensed into & dark yellow oil and collected.
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3. Results of Pilot Plant Study

Results from the pilot plant oparation showad that the hydrolysis and (
decarboxylation reaction proceadad smoothly and the over all yield at the time
of this report was 355X.
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MARKET SURVEY

A preliminary market survey was conducted jointly by AEC and the Purchasing
and Contracting Division, TEAD. Results of this survey ware that the presant
wmarket for o-chlnrostyrena is undeveloped due to the high coat and the limited
supply. However, it is anticipated that if this project begins to produce
o-chlorostyrene, at an &ffordable price, a more active market and usage would

be developed.
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CONCLUSIONS

1. Laboratory Work

Conversion of CS to o-chlorostyrene was facilitated by two step reactions,
1) hydrolysis of CS; followed by 2) catalytic decarboxylation of the
intermediate product (o-chlorocinnamic acid).

The first reaction, the sulfuric acid catalyzed hydrolysis of CS has
produced o-chlorocinnamic acid. The reaction parameters, the acid
concentrations, the reaction residence times, and the reaction temperatures
were varied respectively, from 40X to 80X, from 30 minutes to 10 hours, and
from 90°C to 135°C. A yield of 90X was obtained when CS was reacted with 70%
sulfuric acid for five hours while the temperature was maintained at 130-135°C.
Ammonium sulfate was the by-product from this reaction.

The sacond reaction, the catalytic decarboxylation reaction of
o-chlorocinnamic acid has produced o-chlorostyrene and CO2 gas. Two
catalysts, NaOH.Ca0 and Cu (powder) were tried to increase the reaction rates
of decarboxylation at this time. An average yield of 35X was obtained from
three decarboxylation reactions tried.

2. Pilot Plant Study

The experimental work conducted at the pilot plant verified that the above
reactions are feasible and can be reproduced on a production scale operation.
An overall conversion rate of 55% was achieved during this pilot plant study,
A recenly completed economic analysis based on data acquired in operation of
the pilot plant has proven the process to be very cost effective.
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WHITE PHOSPHOROUS MUNITION RECLAMATION
BY:
DARRELL W. WALKER PhD
TOOELE ARMY DEPOT, UTAH

INTRODUCTION

The purpose of this paper is to present the Army's program for
reclaiming White Phospherous (WP) from various types of WP filled munitions
that are either outdated or obsolete,

At the present time there is a relatively large quantity of WP munitions
that have been placed in the demil inventory with more scheduled to be
released for demil in the near future. The following table lists the
current WP munition demil inventory which totals some 4000 tons.

WHITE PHOSPHOROUS INVENTORY

LOCATION QUANTITY (TONS)
Ft. Wingate 2000
Hawthorne 1100
\ Lex~Bluegrass 250
# Red River 200
Sierra 150
Others _380_ *
TOTAL 4080

The objective of the current program is to provide a system to
demiliterize the WP inventory through controlled incineration to form
Phosphorous Pentoxide and then produce a saleable agricultural grade
Phosphoric Acid through water hydration processes.
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Process Development

Some twenty-four years ago, the Ammunition Equipment Office developed
what is known as the APE 1236 Deactivation Furnace. The APE 1236 Furnace
shown in Figure 1 is a retort furnace with internal flights which carry the
munitions or explosives through the furnace. A single burner is located at
the munition exit end of the furnace for temperature control. The
combustion products exit through the stack at the live munition feed endvof
the furnace. It is desired that the munition begins burning or detonates
near the center of the retort, The location where the burning or detonation
occurs is controlled by the speed of the retort and the burner temperature.
Items are fed into the furnace through an appropriate feed system from a
location in the feed room. Personnel are protected by the barricade wall
between the furnace and the feed room. The demiliterized metal scrap is
dumped from the burner end of the furnace. Furiher details on the futnaéé,
ite operations, and the munitions and bulk explosives that it has been used
for are presenﬁed in other papers pfesented by AEO at this Explosive Safety

Seminar.,

3

Incineration Development Tests

An objective of the current program is to use the APE 1236 Furnace to
provide controlled incineration of WP munitions. To accomplish this, it was
necessary to determine methods for feeding and processing the munitions to

attain controlled combustion rates.

The first munition tested was a 3.5 inch rocket head assembly. The
munition was fad whole and intact into the furnace, thus preventing ignition
of the WP until the munition reached its rupture temperature. When the
munition ruptured, the WP was released as a vapor and was rapidily
oxidized-primarily at the top of the furnace stack. Although the burning
was contained, it was not satisfactory for downmstream process requirements.
The round that passed through the furnace was clean inside and free of the

slag or oxide which is typical of open air WP burns.
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The next series of tests conducted was also with the 3.5 inch rocket
except that a hole was punched in the rocket exposing the WP, The hole size
ranged from 1/8" to 3/8" diameter. The operation was conducted under water )
to be assured that the munition would not oxidize prematurely. The
munition, containers and water were fed into the furnace. Ignition of the
WP occurred and the WP was consumed at a slower rate over a longer period of
time (2 to 3 minutes). The maximum burn rate calculated was 3.2 1b
WP/minute. This group of tests indicated that a controlled burn could be
established by the manner in which the WP is exposed to the flame front,
Several rounds were opened after going through the furnace and were found to

be clean inside. ” - B

The next series of tests were made using the 105 mm projectile. The 105
mm round has 4 lbs of WP as compared to the 2.2 lbs WP in the 3.5 inch
rocket. The round was first sectioned into two pleces each coantaining
approximately 2 1lbs of WP, The sectioned round, contairer and water were
fed into the furnace. Again the WP burned at a controlled rate and burned
clean with very little residue. It should be noted that the rounds»were
sectioned with a cold saw. The cutting coolant was the only watar édlution
used to control the WP from ignition during the cutting operation.‘ The
sections werz then placed in water filled containers and tranéported to the
furnace., The burn time was found to be approximately 1.5 minutes/half |

section.

The 105mm round was then sectioned such that essentially 21l the %P was
in one section. Again the sectioned round, containers and water were fed
into the furnace, only this time the feed was 4 lbs. WP per section. Again
the WP burned at a controlled rate with burn times between 2 to 2.5 minutes
per section. The munition burned clean with very little residue.

round to expose the WP. This cut was to simulate a punched hole. 'The cut

i’ Tests were next made using the cold saw to just barely cut into the
H
was located at the nose end of the round with all of the WP behind the cut.

,? The complete round, container and water were fed into the furnace. The WP
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burned at a controlled rate with a buran duration of upproximhtely 3 minutes.
The munition burned clesn with the least amount of residue noted in the
105wm series of tests. Burn rates up to 2.8 lbs. WP/minute were attained.

The next series of tests wers conducted using 4.2 inch mortars (M-328A1)
and M-34 grenades. The 4.2 inch mortars were run in the same configuration
as the 105mm projectiles (cut in half, nose cut off, and slotted). Figure 2
shows the 4.2 inch mortar being slotted. The sections were not placed in
the furnace under water. Figure 3 shows the slotted 4,2 inch mortars prior
to entry into the furnace. Burn times for the slotted 4,2 inch mortar was
between 3 and 4 minutes. Burn rates for the slotted muni“ion were found to
be 5.95 lbs WP/minute. At the end of the burn the rounds were clean a&s can
be seen in Figure 4.

The grenades were punched using the press shown in Figure 5 prior to
entering the furnace. Figure 6 shows the punched round. Burn times for the
punched grenades were found to be between 1 and 2 minutes. Following the

incineration process the rounds were clean. This can be seen in Figure 7. ,

The mode of burn appears to be that the white phosphorus is heated
insid2 the round with only minor burning at the surface until the WP melts
(111°F) and starte to run out of the round. The WP is then vaporized and
burns or runs onto the inside surface of the retort and burns. This is
substantiated by the condition of the punched munitions that have gone
through the furnace. The insides are spotless, while the outsides have
minimal slag and other deposits on them.

The results have demonstrated that the burning process can be controlled

by the size of the punch or size of the section cut, not the size of the

round. ;
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Phogphoric Acid Plant Design

Based on the succeas of the above tests, a survey was madea of a number
of companies producing phosphoric acid to determine the processes and
controls used. Companies wers also contacted to determine the marketability
of agricultural grade phosphoric acid.

It was detarmined that the basic equipment required to produce
phosphoric acid is state~of-art. It was also determined that there is a
market for the phosphoric acid.

The AEO was given the authority by ARRCOM to design a phosphoric acid
plant. Originally a permanent plant was to be built at Ft. Wingate which
has the largest WP inventory. An economic analysis was made to evaluate the
costs of shipping WP munitions from various storage locations to a central
demil site. It was determined that it would be economically advantageous to
the government to build a transportable phosphoric acid plant which would be
relocated at 4 or 5 depots having the largest workload. This would require
that only the water hydfeting portion of the plant be transported since each
of the demil sites where the transportable plant might be located has an
existing APE 1236 Deactivation Furnace.

Plant Design Parameters

Based on the preliminary WP incineration tests and calculations made to
determine steady state WP burn rates under optimum control conditions, a
maximum plant feed rate of 480 lb/hour WP was specified. This will result
in a phosphoric acid production rate of 2000 1lb/hr. The plant is to be
designed to handle all types of WP munitions in the WP inventory.
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Feed System Design

The incineration tests demonstrated that the burning process can be
controlled by the size of the punched noles in the munitions, The feed
aystem for the WP plant will utilize equipment which will position the WP
munition at the entrance of the Deactivation Furnace, The munition will be
punched and immediately pushed into the furnace to minimize the poasibility
of burning outside the furnace. The munition will be fed to the punch
location by a positive feed type system (or robot) from the munition loading
area behind the barricade wall., The entire munition punch area will be
under negative pressure from the furnace retort,

Figure 8 shows the operation of a positive feed system designed by the
AEO. This system is also descrihed in detail in another paper being
presented at the current Explosive Safety Seminar. The basic cbjective of
the positive feed system is to safely feed bulk explosive through the
barricade wall and into the furnace. The explosive is loaded from the
operator's station, moved through the barricade wall to the end of the
furnace, transfered sideways to the.feed position of the furnace and pushed
into the furnace. The system is controlled automatically with interlocks so
that a deflagration or detonation cannot be transfered to the operator
location. With a system of this type, the WP punching would be accomplished

Just before the munition is pushed into the furnace.

Phosphoric Acid Plant Layout

The basic layout of the Phosphoric Acid Plant is depicted in Figure 9.
The system consists of the following major subsystems: deactivation
furnace, water hydrator, variable throat venturi, separator, concentrated’
acld tank, dilute acld tank, overflow tank, exhaust fan and stack, storage
tank, (1if possible a transportable truck tanker) and associated pumps,

valves and controls.
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A brief description of the Acid Plant operation follows. The
Phosphorous Pentoxide (P40;g) passing from the deactivation furnace
passes through the water hydrator. The water hydrator is basically a tank
with a series of internal shower heads. Acid from the concentrated acid
tank (right of hydrator) is pumped through the hydrator. When the acid
concentration reaches approximately 75%, as determined by a specific gravity
meter, the acid is pumped into the storage tank (truck tanker) for shipment.
The (P4010) not scrubbed from the exhaust gases in the hydrator pass
through the variable throat venturi. The venturi system located between the
large hydrator and separator is designed to operate with a 60 inch W.C.
pressure drop-essentially fracturing the liquid into small particles and
allowing good cdhﬁact between the gas and liquid to form Phosphoric
Acid. The separator acts to separate the liquid from the gas stream. Acid
from the dilute acid tank is used to circulate through the variable throat
venturl and is also used for make-up in the hydrator when concentrated acid
is pumped to the storage (shipping) tank. An over flow tank is provided
below ground level in case either‘of the acid tanks overflow due to a
control malfunction. The exhaust gases from the geparator are then passed
through the fan and out the exhaust stack. The acid hydration system is
designed to operate primarily on gravity flow except when pumping from the
tanks to the hydrator, variable throat venturl, and storage (shipping)

tank,
Transportability Design

Since APE 1236 Deactivation Furnaces are located at each site being
considered for installation of the transportable plant, it will not be
necessary to move the furnace. , To make the remaining system transportable,
the major subsystems will be installed on skids for ease of shipment.
Current plans call for locating the hydrator, venturi and separator on one
skid, the concentrated and dilute acid tanks on one skid, the fan on a skid,
and the over flow tank on a skid. Various pleces of ductwork will also be
stacked together for shipment. It is seen from Figure 9 that the components
listed for each skid-are located close to each other in the plant layout
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for ease of locating them on skids. It is not planned that the units will
be removed from the gkid for installation, et i 4 e o e

The facility is being designed so that it can be shipped by either rail
or truck., This will require that certain sections of ductwork be
disconnected between subsystems and that the hydrator and geparator systems
be mounted on expandable legs so the units can be collapsed for ease of
shipment.,

Figure 10 depicts how the facility may be placed on a 80 feet by 10 feet
railroad car for shipment,

CONCLUSIONS

The following conclusions can be made concerning the design of the

phosphoric acid plant.

1, The technology for the incinerator, feed systems and water hydration

processes are basically state-of-the art techunology.

2. The WP munitions can be successfully burned in a controlled manner

by the size of the punched hole or section cut,

3. There are important payoffs to the government from the conversion of

WP to phosphoric acid.

a, The elimination of open burning.

b. The elimination of the expense assoclated with moving large

quantities of WP,

c. The production of Phogphoric Acid resulting in a financial
payback to the goverment.

d. The process complies with the requirements of the Resourse

Congervation and Recovery Act.
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MUNITION DEGRADING WITH PROPuLR BARRICADING

BY:
R.K. BOSSARD
AMMINITION EQUIPMENT OFFICE
TOOELE ARMY DEPOT, UTAH

Munition degrading ;s a preparatory step required by many thermal demil
processes. Its purpose is to render the munition non-detonable, at least tn
the extent possible, and to promote burning of the energetic material within
the item. It is a physical operation which either demils the item or

prepares it for demil.

Degradation of munitions bas, in the past been performed for both demil
and investigative purposes; however this paper will deal only with
degradation associated with demil.

In the days of open air burning and detonation, munition degradation was
rarely required. Items to be demilled were merely detonated at the
demolition ranges found at most military installations, As clean air
standards came into the picture, furnace/incinerator burning became the rule
rather than the exception, since it provided a means of controlling and
cleaningthe effluent gases prior tu release to the atmosphere.

Additionally, burning in demil furnaces provided a means of efficiently
collacting metal scrap from burned out munitions, which is valuable for

resale.

Most munitions have an external case (usually metallic) enclosing the
energetic material, and it i{s the presence of this case which causes item
detonation (cook-off) in a demil furnace., If explosive quantities are
sufficiently large, these detonations will damage the furnace. Detonation

of items countaining small HE quantities, such as small arms, percussion
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disposers.

Almost all wetallic cased munitions can be made to burn out cather than
detonate by sufficiently breaching the case and thereby exposing the
energetic material to direct flsme and hcat in the furnace. This breaching
is the opersticn we refer to as munition degradation. On some munitionms,
only a very small opening is required to preclude detonation.

Various methods have been used to open up munitions for thermal demil,
including punching, shearing, crushing and several different sawing
techniquea. Machine dissassembly has also been used in some cases, but will
not be covered in this paper. In general, dissassembly ot munitioné to
expose the energetic material is not a workable metﬁod for demil, since most
munitions are assembled with somewhat non-reversable methods, such as
staking of threaded joints and use of joint cements such as loc-tite, and
Pettman or NRC compounds. DNisassembly 18 indicated in most rennovatioa

operations in order to be able to reuse components, but for demil, where part

damage can be disregarded, more violent degrading methode can be used, {
usually with a savings in production time and machine sophisticsation.

Degrading munitions by subjecting them to violent action and undue force
is not what anyone would consider normal procedure. Usual practice calls for
handling munitions with care and indeed many accidents have occured due to
rough handling of explosive items. Conséquently some of our prerven

degradation methods have encountered initial skepticism.

The selection of a degradation method calle for rather delicate design.
We usually do this in two phases, the first phase is a paper study of the
detonation mechani cs of the subject munition, During this phase we draw on
our previous experience with gimilar items, if zny, and assess the degree of
N‘violence to which we can subject the item. This phase defines candidate

_methods to be tried, such as punch or shear blade configurations, forces and
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speeds to be used, total energy 1nputl. and point ot a:t;ck on thu munition,
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The candidate mcthodn ars then rated, and thn lccond phlll. t.atlng. is
initiated.

Testing 1s usually done as a walk-a-around operation using a single cavity
test fixture. The fixture shown in Figure 1 has been used for degradation
studies on a number of different munitions. The hydraulic cylinder shown o n A
this fixture is capable of mounting a variety of punches or shear blades, and
the table portion is universally configured to accomodate a wide assortment 5
of munition holding/clamping devices. ;

In most of the demil systems designed by our Ammunition Equipment Office,
the major process step is a pass through the deactivation furnace, which was
wentioned in several previous papers. The deactivation furnace, as you may
recall (figure 2) consists essentially of a tubular steel retort 3 feet in
diameter by 20 feet long with an internally cast screw flight. As the retort
rotates, the screw flight conveys the munitions through. The furnace is :
fired by a burner at the discharge end and a baghouse pollution control I
system is installed to control emissions.

s

S i

s

Munition degradation to breach a metallic case usually calls for the
application of undue force, and the potential for detonation is fairly
high. Consequently the degradation machine must be properly shielded for
operator protection, or made a walk-around operation. Walk—-around ¥
operations are normally slow, and we have endeavored to provide protective |

shields for most of our degradation machines. ;

Machine shields must meet MIL-STD 398 entitled "Shields, Operational for
Ammunition Operations, Criteria for'Design of and Test for Acceptance”, Nov. ;
76. This standard requires that all shields be explosively tested using the i
worst case munition plus a 25% overcharge, and details the acceptance

o T ———

criteria. Shields meeting this standard afford complete operator protectio n §
as opposed to previous criteria which merely minimized hazards.

e e
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One requirement is that the shield itself (or any portion thereof) must
not move, under blast loading, in a manner hazardous to personnel. We have
had unusual expuriences with several shields which posed this hazard. In ha
one case (Ref: APE 1222 machine) the operator was required to manipulate a
6 1b. tool from the safe side of the shield. This tool extended through
the shield and was in contact with the explosive element inside the shield.

The kickback of the tool into the operator had to be considered to determine
the degree of hazard. An explosive test was conducted, and by use of high
speed photography, the maximum tool velocity was determined, in this case 1}
fps. Information obtained from the Lovelace Foundation in Albuqurqua showed
that we were below the injury threshold value for blunt trauma and could
consider the operation safe. (This was a renovation, not a demil operation.)

M3} CLUSTER BOMB DEMIL

One of our early munition degraddion jobs was a part of the M34 Cluster
Bomb demil project at Rocky Mountain Arsenal. This cluster bomb contained
76 individual M125 bombs as shown in figure 3. These bombs were about 12
inches long by 4 inches in diameter and had a central fuzed burster
containing .55 lbs. of tetryl. The annulus between the burster and the
casing was filled with GB chemical agent.

o,

It was proposed to process these bombs through a deactivation furnace
after the chemical agent had been drained. The AEO was assigned the task of
designing a process to prevent detonation of the burster charge, since
detonations of this magnitude would damage the furnace.

The solution to the problem proved tc be a shear station ahead of the
furnace at which the burster was completely severed from the fuze. Figure 4
shows typically the sheared M125 bomb,

A flat shear blade was used which penetrated the bomb side wall, then
sheared the burster, but did not penetrate the far side of the bomb. This
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left the sheared off portion of the burster as a loose piece inside the bombd
bOdy .

During the course of this operaton, over 20,000 M34 clusters were
demilled, each containing 76 M125 bombs, which amounts to over a million and
a half shearad and burned bombs.

M=35 CHEMICAL ROCKET DEMIL EQUIPMENT

One of the mwore complex munition degradation machines built by the AEO is
the Rocket Demil Machine (RDM), figure #5. Designed during the 70's, this
equipment is now in operation at the CAMDS site, Tooele Army Depot South
Area, and has demilled approximately 7000 rockets. This machine receives a
M55 rocket while still encased in its fiberglass shipping/firing tube,
drains ¢he agent fill from 1it, and using six individually mounted circular
saws, cuts the rocket into seven pieces., The munition, which is a nerve gas
rocket with either GB or VX agent fill, is shown in figure #6, which also
shows the 6 cut locations. The operation is completely automatic and the
equipment is housed within an un-manned containment cell, 10 feet in .
diameter by 24 feet long. Machine motions are all accomplished by hydraulic
power supplied from a 20 gpm 1000 psi power unit. The sequence of operation
is as follows:

1. The item is placed on an input conveyor and the machine is monitored
by appropriate sensors to determine if machine motions are at start

condition.

2, If start condition is indicated, the operator (located remotely)
infitiates”start”, which feeds the item, by means of moving conveyors and live

rollers, into the punch and drain station of the machine.

3. In the punch and drain station, the item is clamped, punched through
the agent cavity and drained of approximately one gallon of liquid agent.
low pressure air is introduced into the agent cavity to assist in agent
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removal. A 95% drain is accomplished in 10 seconds. The agart, Which' has
been deposited in a catch tank is then pumpod to an adjacent building where ‘ y

it is chemically detoxified.

4. The item is then released and moves approximately 3 feet forward into
the saw station where it is clamped by seven cylinder mounted jaws.

5. After clamping, the upper carriage of the machine lowers 11 fuches,
submerging the rocket in the sodiun carbonate tank located beneath the

machine.

6. The six milling saws then descend vertically, severing the rocket at

the appropriate locations. After all cuts are completed, the saws and the

upper carriage return to the raised position.

7. A tray, termed the segregator tray, then enters the machine and
positions directly under the cut up item, which is still held by the vise

jaws. . ‘

8. The vise jaws simultaneously release, depositing the seven pieces in

the segregator tray. The tray then retracts into the segregator, completing

the cycle. :

9. During the next cycle, while the subsequent item is being processed
through the RDM machine, the segregator functions, feeding the rocket
pleces in a predetermined order to the deactivation furnace.

The six circular saws used on the RDM are Johnson/Kaline milling or cold

e el o

saws, which use 16" diameter steel triple chip blades and which will cut
through the rocket in approximately 45 seconds, while rotating at 22 RPM. |
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* «++ JTha containment cell, as shown in the previous plige,vpq designed, by Aamann
and Whitney, NYC , and will contain the blast and frags from the largest item
to be processad by this system, which is the 8" chemical projectile, with a 7

1b Comp B, burster charge.

MUNITION SHEARING EQUIPMENT

.

Certain cased munitions are in an explosive quantity catagory which make
then prime candidates for degradation prior to thermal demil. These are
items containing approximately .l to 1 pound of HE. '

Mony items in this H.E. quantity range are physically small and could be
easilly processed in a standard deactivation furnace "as~18", except that
repeated detonations of this explosive quantity would damage the equipment;
consequently the need for degradation equipment.

One such piece of equipment presently under development at the AEQ, is the -

munitions shear machine, shown in figures 7 and 8.

This 18 a two cavity machine enclosed within a single operational shield.
Each cavity is equipped with a munition holding block which shuttles back and
forth between the loading station outside the shield and the shear station,
inside the shield. The sequence of operation is as follows:

"~

1. The operator loads the munition into the holding block, which is at
rest in the load station outside the shield. He then closes the load

station door, which starts the automatic cycle,

2. The block immediately moves inward, into the shield and positions the

item under a cylinder actuated shear blade.

LT RIS

b

931

S e e e Aot A, S & 1 B .




PRI TR S i [ER s SRt s 1 LR Ty S SR e e A e e e e

3. A protective door then closes off tha opaning through which the block
entered the shield.

4, Next the shear (or punch) extends, breaching the munition, then

retracts.

5. The block then moves again to its innermost position, where the
munition is ejected downward into a gravity chute thréugh which it exits the
lower rear of the shield. The means of removal from this point to the
furnace is not a part of the machine.

6. The skield door then opens, and the block returns empty to the load
station, where it will remain at rest until the operator opens the load door

and starts the next cycle.

The munition shear machine motions are all accomplished by hydraulic
cylinders, four on each cavity, or a total of eight. Hydraulic power is
supplied by a power unit consisting of a double gear pump and fluid
reservoir. This unit is located outside the shield and the pumps are each
independently capable of delivering 3 GPM @ 1500 psi.

The pilot model shear machine is presently controlled by a programmable
sequence controller. This unit receives inputs from built-in limit switches
located at the head and rod ends of each of the eight hvdraulic cylinders.

A pair of proximity sensors is built into the machine to sense the
shearing location, This is to preclude shearing a munition at an incorrect
point.  Also, the holding block and the load door are so configured that

munitions cannot be incorrectly loaded.

932
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Live munition shearing tests have been conducted using the following

itema:

a. 40 mm M384 cartridge

be 40mm M406 cartridge

ce MS00 fuze w/M21A4 booster
d. M26 grenade w/o fuze

e. M21A4 booster w/adapter

These tests have been run on various quantities of munitions and further
sustained runs will be necessary to prove the equipment. Figures 9, 10 and

1l show some typical sheared or punched munition.

Each holding block has a cavity for a particular munition, as shown in
figure 12. Change over from one munition to another is accomplished by
changing holding blocks and shear/punch blades.

In additon to the aforementioned items, approximately 12000 each unfuzed
} M42 grenades have been punched on a semi-production set-up of the pilot model
v; ' shear machine. The munition is shown in figure 13. Production rate on this

ET _ item is 6~7 items per minute.
E: The punches used for the M~42 grenade are made from commercial center
ﬁ punches, see figure l4. The final design was arrived at after extensive

i development work using six different types of blades and a manual shearing
fixture (walk-around operation). During these tests, a number of these
unfuzed munitions detonated while being penetrated, and for a time it
appeared that the job could not be done. However, no detonations have
occured since going to the round punch, and since moving the punch location
to 2 point 3/4‘from the munition nose, on the side wall. This was also one
of the most difficult items to penetrate as the side wall is 98" steel, heat

P i o
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treated. The M42 is Comp Ag filled, and is the only item we have
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detonated during punching. We feel that A5 13 our most difficult f£11l to
process from a standpoint of both punching ‘aid ‘bufning. N

Considersble explosive dust is generated by the punching operation and
several vacuum devices were used during the tests to relieve this problem.
Manual vacuum cleaning was required every hour or so, and further work in
this area is planned.

The barricade for the munition shear is a steel ‘cylinder (see previous
figure) with elliptical heads on each end, and its axis parallel to the
floor. This barricade has been explosively tested several times and in our
opinion is satisfactory; however Field Safefy Office approval is pending.

/

An interesting problem encountered during barricade design/test, was the
phenocmenon of explosive load transmission through machine members.

The steel weldment in which the holding blocks slide, is mounted inside
the barricade, but the load area portion extends to the outside., Contact
explosions of munitions inside the barricade, caused extremely high stresses
to occur in locallized areas of the weldment outside the barricade. In our
test, 4 of 6 capscrews holding a plate in position, failed. Theory showed
that the plate would have had to be accellerated to approximately 5000 g's to
fall these capscrews, and subsequent instrumented tests using accelerometers
confirmed the theory.

OTHER MUNITION DEGRADATION PROJECTS
The AEO has been involved in other degradation projects which, due to time
considerations, cannot be detaliled in this paper , but are worthy of

mention.

One of these, the projectile sawing project mentioned in a previous
paper, uses a Trennjaeger cold saw to section live conventional projectiles.

-~
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A pilot model has been built and various projectiles Have® beed succesufully- .
sectioned, ranging in size from 40mm to 175 mm. This equipment is shown in

4 > « w .4

figures 15 and 16.
Shearing tests have been run on metal cased bursters from 105mm, 155mm,

Limited tests have demonstrated a high degree
Approximately 500 items have

and 8" chemical projectiles.
of feasibility for shearing these bursters.
been sheared without incident. Figure 17 shows a number of sheared

bursters,
A Jeffrey rock crusher has been used experimentally to degrade several

types of munitions, This is a‘heavy duty crusher with a single toothed roll,
(see figure 18). Unfuzed M-26 grenades were degraded very well using this
machine. This unit aiso did a good job of degrading M21A4 boosters.
Degradation of 500 series fuzes with tetryl boosters was largely unsuccessful

due to fairly frequent item detonation (about 5%)

;j i
SUMMARY

Successful munition degradation can be accomplished in most cases, even

§f though undue force is required., Methods previously thought of as high risk

can be employed for degradation provided proper in-~depth investigation is

; done on detonation mechanics of the item in question, and the hardware design

made accordingly. Extensive live tests must then be run to confirmm the

design.

Even with successful design, complete personnel protection must be
provided, dictating, in most cases, vemote, automatic, barricaded munition
degradation machines. In addition to providing personnel protection, due to
the high detonation risk, ang in the interest of ecomonics, all of our
degradation machines have been designed so as to minimize hardware damage,

WG Bl 5 iy

! should a detonation occur,
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We are probably halfway up the learning curve in regard to design of
degradation equipment. A lot has been learned about confinement, friction, (
explosive exposure areas, point loading etc., as they effect munition
detonation. We have successfully degraded, an a production basis, enough
munitions to prove feasibility; in fact, we have not yet encountered the
item that cannot be degraded by relatively violent methods, although we do
not discount this possibility. We feel that the future of munitiom
degrading is expanding and the continuing existance of a huge demil
stockpile would seem to confirm this.
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Figure 7




Figure 8
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THE EXPLOSIVE WASTE INCINERATOR:
AN ALTERNATIVE TO OPEN~BURNING OF WASTE EXPLOSIVES

D. B. HILL
AMMUNITION EQUIPMENT OFFICE
TOOELE ARMY DEPOT, TOOELE, UTAH

Introduction

My presentation today deals with the Explosive Waste Incinerator, a
practical alternative to open—burning of waste explosives, propellants and
pyrotechnics. This incineration sytem was developed by my office, The
Ammunition Equipment Office, at Tooele Army Depot, Utah.

During the manufacture of propellants, explosives and pyrotechnics
(PEP), and the loading or filling of end-item munitions at ARRCOM's Army
Ammunition Plants (AAP), large quantities of manufacturing or operational
wastes are generated that require prompt disposal. These wastes may be
off-specification or scrap material. They may be residues from core
drilling or turning operations, or spillage or waste from melt-pour
operations. Clean~up or wash down will result in material being recovered
from catch basins and sumps. The following slides (1 thru 4) illustrate the
many configurations of PEP wastes that are generated; e.g., flake,
granular, chunks (riser, funnel scrap), cubes and pellets. There may also
be "end-item" configurations such as booster assemblies, small arms

ammunition, rocket motors and warheads, and artillery primers, fuzes and

projectiles.

Historically, the ammo plants have disposed of the bulk PEP wastes by
spreading them onto open-burning pads and igniting, with the resultant
releases of large volumes of smoke (Slide 5). Generally, the wastes were

spread in a layer not exceeding three inches in depth and perhaps up to ten

feet wide by several feet long.
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These disposal techniques are no longer environmentally acceptable.

The purpose of this presentation is to acquaint you with the currently
accepted alternative to open-burning of PEP wastes; specifically, the
Explosive Waste Incinerator, acronym EWI (Slide 6).

The EWI is a system, designed to provide a capability for controlled
disposal of PEP wastes with containment of effluents from the burning

process.

The EWI system, shown in artist's concept is comprised of five major
elements: Deactivation Furnace, inside a concrete~walled enclosure;
Positive Feed System; Air Pollution Control System; Container Retrieval
System; and Equipment Control Panel. Each of these elements will be
discussed in detail.

Deactivation Furnace

The basic component of the EWI system is the furnace (Slide 7). The
furnace used is an APE 1236 Deactivation Furnace, a long-time standard item
in ARRCOM's Ammunition Peculiar Equipment (APE) inventory. The furnace was
developed in the early 1950's to demilitarize conventional, explosive-filled
end~item munitions at army depots throughout the country and OCONUS. 1in
recent years, use of the furnace has been expanded greatly and there are
approximately 25 furnaces currently in use in a variety of conventional and
chemical munition demilitarization programs (exclusive of the Explosive

Waste Incineration program discussed herein).
The furnace (Slide 8) consists of stationary feed and discharge

assemblies, and a cast-steel revolving retort within which the heating and

destruction of munitions or explosives occurs.,
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Bulk explosive wastes, loaded into open-top cuntainers, are injected
into the furnace by a positive feed system (described later herein), while
assembled or degraded end-item munitions are fed into the furnace on a
pantype feed conveyor. Safety interlocks insure that both feed systems are
not operational simultaneously. The explosive wastes or munitions are moved
through the retort toward an oil-fired flame at the burner (discharge) end
of the furnace by means of spiral flights which are an integral part of the
retort casting{' As the explosive/munitions approach the flame they detonate
or burn freely, depending upon the munition configuration and
characteristics. An abnormal detonation is contained by the thick retort
wall (end sections are 2.25" thick; center sections are 3.25" thick). The
spiral flights provide physical separation of quantities of explosives or
munitions, discouraging sympathetic propagation of detonations and defeating
fragments generated by detonations. Control over quantities of explosive in
the furnace at any given time is a function of explosive feed rate, speed of
rotation of the retort and temperatures within the retort. Normally,
explosives begin burning in the first or second compartment of the retort
and are consumed by the fourth or f£ifth compartment., Metal components of
end-item munitions or the bulk explosive containers are discharged from the
furnace and the containers are conveyed back to the feed room for eventual

reuse.

The furnace is normally operated with No. 2 fuel oil, consumed at rates
of 6 grh at low-fire to 23 gph at high-fire. A predetermined reference
temperature 1s established by test as the optimum operating temperature for
each type of PEP waste and this temperature is maintained by automatically
modulating the oil burner from low to high-fire as the need is indicated by
a temperature recorder/controller in the control panel. Typical average
fuel consumptions for a given operation range from 9 to 21 gph, for a heat
input of from 1.26 million to 2.9 million BTU/hr.

Two thermocouples continuously record furnace temperatures: One

thermocouple, 1nser;ed at the base of the exhaust stack, provides a
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reference temperature to the temperature recorder/contreller which maintains
the desired operating temperature at this preset reference point; the other
thermocouple, inserted immediately above the flame provides a reference
temperature at the burner end of the furnace. The controlling reference
temperature is set in a range from 300°F to 400°F depending on the items to

be burned.

Combustion air is provided by a low~pressure centrifugal blower and by
alr induced through the metal-parts discharge opening and an annular opening

where the retort enters the discharge housing.

An ultra-violet flame sensor is used to detect presence of flame at the
burner. Upon flame failure, the UV sensor causes a flame-safeguard unit in
the control panel to close the oil valve, shutting off oil flow to the
burner, and activating visible and audible alarms at the control panel. A
retort motion sensor is used to note rotation of the retort and activates
alarms if a fallure in the retori drive occurs. A digital readout of retort

rotational speed is provided at the control panel.

The furnace is operated within a concrete enclosure designed to contain
the effects (blast pressures and fragmentation) of an accidental high-order

detonation.

PEP and/or PEP-filled wastes will be delivered in their various
containers to the furnace feed building and off-loaded by fork 1ift. The
maximum quantity of explosives permitted in the feed room will be limited to
a four-hour working supply. Dry bulk wastes will be manually scooped by
plastic or non-sparking scoops from their delivery containers in quantities
predetermined by testing and specified in appropriate SOP's but not to
exceed five pounds TNT equivalent, in any case. Wet or slurried explosives
will be also be loaded into the containers. Vacuum dewatering equipment
will be installed at those plants where the manufacturing processes generate
wastes with "standing” water. Assembled end-~item munitions will generally

be hand-placed on the standard pan-type feed conveyor.
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Positive Feed System

The Positive Feed System (Slides 9 thru 11) is a specially designed
mechanism for injecting containers of explosive into the Deactivation
Furnace; and was designed as an accessory to the furnace to be used as an
alternate to the standard feed system. For materials such as bulk
explosives and propellants, it provides a more rapid and positive furnace
feed, reducing the chance of these materials beginning to burn before they

are entirely within the confines of the retort. The system eliminates
direct line of sight from the point the containers are injected inte the
furnace to the point behind a concrete barricade where the containers are
filled and manually placed into the mechanism. Besides eliminating the
chance of explosive propagation to the loading point, the mecheanism also
positively controls the feed rate to insure that only one container may be
placed in the furnace in any one retort compartment. The containers are
open—top steel boxes, 5" wide X 5" deep X 12" long, made of 1/8" material.

The operation of the system can probably best be explained by referring
to Slide 12. The system cousists of three separate submechanisms, the input
conveyor, the transfer and the ram. Indicating lights in the control panel
signal the location of the explosives contalnmer at all times. When the
system 15 ready to feed, the lock on the safety door releases and the door
springs open. A container is then placed in the opening and the door is
manually closed. The action of closing the door automatically locks the
door until the feeding operation has been accomplished and the mechanisu is
again in the ready position. Closing the door also trips the switch that
conveys the container through the concrete barricade to the transfer
mechanism. A gap of 3" is maintained between the input conveyor and the
transfer to reduce the possibility of a fire propagating from the transfer

to the input conveyor.
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The transfer mechanism has several unique safety features. When the
transfer is in the receive position, a steel plate is directly in front of
an opening into the furnace, sealing this opening. When the container 1is
positioned in the transfer, a signal causes the transfer to advance to place
the container in alignment with the furnace opening and the ram. The action
of moving toward the furnace seals off the opening of ,the input conveyor by
means of a steel plate attached to the transfer. The transfer advances to
a halfway position where it awaits a signal from a sensor located on the
revolving retort. (At this halfway location, both the input conveyor
opening and furnace opening are closed and the container is not exposed to
excessive heat). The retort signal insures that one revolution has been
completed, placing the previous container one spiral flight away from the

receiving space in the retort opening.

Upon receipt of the retort signal, the transfer proceeds to line up the
container with the furnace opening. The container is immediately
accelerated by the ram and it slides through the furnace opening to alight
within the retort. After the ram returns, the transfer returns to a receive
‘position. The ram action 1s rapid with the explosive container injection
taking about one second. The process is then ready to be repeated. Should
a malfunction in the ram occur while the container is in line with the
furnace opening, the transfer will automatically return to the halfway point
within four seconds and an alarm will sound. This precludes any chance of

exposing the containers to heat outside of the retort.

By use of controlled speed actuators (on input conveyor and ram)
spillage of explosive will be reduced to a minimum or eliminated with the

established explosive feed rates and container sizes.
By means of the retort position cam and limit switch, the Positive Feed
System is limited to injecting only one container into the furnace per

compartment of the retort (i.e. only one container can be injected into the

furnace each revolution of the retort).
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Alr Pollution Control System

The Air Pollution Control System (depicted in the flow diagram, Slide
13) consists of an indirect, forced~air cooler which will cool entering
gases from a maximum of 1000°F down to 250°F; a centrifugal dust collector
(cyclone) that achieves some particulate removal but is used primarily for
spark arrest; a baghouse for final particulate cleansing; and a thirty foot

exhaust stack.

Exhaust gases exit the furnace at a maximum rate of 3600 scfm @ 500°F or
1,500 scfm @ 1100°F and are cooled, if necessary, by mixing with ambient air
introduced through an automatically modulated cooling air damper controlled
by a thermocouple installed immediately preceding the cooler. The gases
proceed through the cooler, passing over flattened heat-exchange tubes
through which ambient cooling air is blown and then exhausted in the form of

.recoverable heated air. The furnace exhaust gases then leave the cooler at

approximately 250°F, A thermocouple immediately preceding the baghouse
insures that temperatures entering the baghouse do not exceed 250°F by
signalling a temperature switch to close an in-line damper ahead of the
baghouse, and shut off the induced draft fan if the temperatures start to
exceed 250°F, Some particulate will be deposited on the heat-exchange tubes
and is removed by chains scraping across the tubes. The particulate is then

moved via a screw conveyor to a double-dump discharge valve for collection.

" The cooled exhaust gases pass through a cyclone collector for some

further particulate removal and for spark-arrest.

The gases (maximum 4800 acfm @ 250°F) are then directed through a
baghouse for final particulate cleansing. The baghouse is a 144 bag unit
(bags are 4.5" dia. X 8'-0" long; 1356 ft2 total filter area), providing a
3,5 air to cloth ratio. The bag material is nomex felt. Nomex is a
relatively high temperature resistant nylon fiber (450°F maximum operating
temperature) with reasonably good acid resistant characteristics. The bags

are periodically cleaned by introducing a jet~-pulse of air at the top of
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each bag causing a momentary reverse flow through the bag forcing the
collected dusts into a hopper at the bottom of the baghouse. The collected

dusts are continuously discharged through a double dump discharge valve.

The cleaned gases are finally drawn through the induced~draft fan and
exhausted out the thirty foot exhaust stack. Sampling ports are provided in

the horizontal duct (at ground level) between the baghouse and fan.
Container Retrieval System

A Container Retrieval System (depicted in Slide 14 showing overall
equipment layout) picks up the explosives containers from the discharge end
of the furnace and returns them to a collection point outside the feed room.
As the containers are conveyed toward the feed room, they pass through a ‘
shrouded gection of conveyor where they are cooled by ambient air blown

through the shroud.
Equipment “ontrol Panel

The equipment components described herein are all controlled from and by
the Equipment Control Panel (Slide 15) which conforms to a Class LI, Group
E, Division I hazardous location classification by being air-purged and

pressurized.

Located outside of the feed room is a purge blower enclosure (repeat
Slide 14) which contains a purge fan and assoclated interlocking circuitry.
This circuitry begins with a stop-start switch located in the enclosure
cover which is used to pick up and drop out the purge fan. The fan is rated
at 250 CFM, 1In the discharge air stream of the fan is a flow switch which
1s rated to drop out at an air velocity of 630 ft/min. (The fan output
velocity at 200 CFM is 2100 ft/min.). After the fan is switched on and the
air velocity reaches 750 ft/min., the flow switch closes which in turn
energizes a timer. A purging process continues until the time set on the

timer, 120 seconds, has passed. The time allows 10 case volume changes of
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air to be put into the enclosure before the timer closes. The timer closes

P ot

and picks up a 3—phas? power contactor which applies the power to the main
control panel distribution center.

The main control enclosure (NEMA 12) is located inside the feed room
thru the wall from the purge fan enclosure. The two are connected via a
4-inch air duct. The main control enclosure contains the motor starters,
push button stations, indicating lights and instrumentation necesgsary to
operate the EWI facility.

The main panel also contains an internal air pressure indicating gauge
to show the inside pressure, in inches of water, at all times. This feature

allows the operator a quick visual check if needed.

If the main enclosure is opened for some reason, after the initial
purge, the fan will continue to run and the power contactor remains

energized since it is a greater hazard to shut down than to lose purge

pressure; however, the system alarm will sound and a light will illuminate

indicating the console door is not shut.
Testing

Extensive testing was done to demonstrate the feasibility of burning
bulk PEP in the furnace. Several types of explosives and propellants were
burned to obtain such operational data as feed rates, furnace temperatures,
emission rates and furnace operating parameters. Feed rates up to 600 1lb/hr
were achieved. This feed rate represents the maximum design rate.
Particulate emission data were obtained for use in design of the air i

pollution control system.

i Of particular significance were tests conducted to determine maximum
quantities of explosive that if involved in an unanticipated detonation
would not constitute a safety hazard to operating personnel, either from

E blast overpressures or from fragments. An old furnace at Tooele was used
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for these tests (Slide 16). Explosive charges, beginning at 0.5 1lb TNT
equivalent and increasing to 7.23 lbs, were detonated in the furnace at a
location representative of a worst case situation. No equipment damage was
incu;red up to and including 0.75 1b; however, beyond that equipment damage
became greater, necessitating extensive repairs between tests. The tests

were terminated at 7.23 lbs.

Blast pressure transducers were positioned at several places
representative of potential operator locations. Pressure transducers were
also installed in the concrete barricade walls at either end of the furnace
to obtain pressure design data for new enclosures. High-speed film was

used to observe blast and fragment phenomena.

The tests showed that a detonation involving up to 7.23 1b THT
equivalent would cause extensive damage to the equipment but would not cause
peak positive incident overpressures at operator locations of 2.3 psi,
maximum allowable for operator exposure. Fragmentation outside the furnace
enclosure was minimal, indicating some minor design improvements to preclude
any further problems. Design parameters established prior to these tests
specified that no more than 5.0 1b TNT equivalent would be injected into
each furnace retort compartment; therefore, tests were also conducted to
determine if propagation would occur between explosive charges placed in
compartments separated by spiral flights within the retort. The tests
failed to produce any propagation even though explosive charges in

compartments adjacent to a donor charge were displaced.

The data from these tests were provided to the Hungtville Division,
Corps of Engineers for design of the concrete protective walls enclosing the

furnace.

A very detalled Hazard and Safety Analysis, (including a Fault Tree
Analysis, Slide 17) of the entire EWI System was accomplished by Tooele
Safety Office. The safety analysis, along with the final report of the
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tests described earlier, and a comprehensive Design Analyais of tha EWI
System, were forwarded to DARCOM Field Safety Activity for thelr review and
approval; and the Dept of Defense Explosive Safety Board (DDESB) cndoraed

the DARCOM Safety approval.

Summary , o S ‘\\ :

i

Wb oo T T D DA

L In summary, the EWI (Slide 8 ) represents a practical aitarpae;vq«téf“{ﬁ_
gi open burning of explosive wastes. The first system is' schaduled to be - |
? completed this month at Leulsiana Army Ammunition Plant.“ Conatiuctiéh i&l
3 scheduled to commence next month on systers at Kansas and Iowa AAP. :

b Installed costs for an EWL system are currently approximately $565, 000 fat
equipment and $450,000-~500,000 for “"brick and mortar" supperting

; facilities.

Our efforrs %o develop an inciueration alterQétiva to open-~burning were
initiated at the request of ARRCOM's Environmental Office. Final dusigns
were accomplished under the auspices of the Army Pollution Abateuent Prugrﬁm

v

MR e e il Ll

(APAP), directed by the Huntsville Division, Corps of Engineers.

o]
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CONTAMINATED WASTE PROCESSOR

BY:
DARRELL W. WALKER PhD
TQOELE ARMY DEPOT,UTAH

INTRODUCTION

The purpose of this paper is to describe the basic characteristics of
the Contaminated Waste Processor that has recently been designed by the Army
and will be installed at a number of facilities throughout the United States

in the next two or three years.
During normal operations at Army ammunition plants and Army depots,

large quantities of waste are generated that is known or suspected to be

contaminated with explosives or propellents. During these same and other

types of operations (i.e., washout plant operations), large quantities of
metals are also generated that are potentially contaminated with explosives

or propellents, Because of the hazardous nature of these explosive

contaminated metals, they cannot be sold directly to the private sector.
18 a requirement that the contaminated waste be destroyed by the Army and

It

that the explosive contaminants {n the metal be flashed away before the

metal can be sold for recycling.

Historically, contaminated wastes and metals have been incinerated or
flashed, respectively, on open burning grounds at the various facilitles.
In some cases, the contaminated wastes have also been land filled. With the
implementation of the Clean Air Act and the Resource Conservation and ‘
Recovery Act, the Army has been prompted to develop alternative processes.
The first system considered was the Air Curtain Destructor (ACD). The Air
Curtain Destructor is a large concrete lined pit wherein the contaminated
wastes and metals are placed for incineration and flashing. The Air Curtain

Destructor operates by blowing large quantities of air over and




> Tﬁ-w" ..,ql{r YR LRAL KR 4 R T R R T T T T TP T INTTTIETT J,d;&%ﬂ‘\\-uv.\-“

around the contaminated wastes to provide complete combustion. When the (
first facility was installed it was found that it exceeded the particulate
standards of many states. In some cases, State Evironmental Enforcement
Agencies considered the ACD the same as open burning. The ACD was evaluated
to determine if the combustion process could be improved.or if an Air
Pollution Control System could be fitted to it., It was determined that the
combustion process probably could not be changed greatly and that it was

not feasible from an economic point of view to add an Air Pollution Control
System because of the large quantities of air that would have to be
processed. Another problem with the ACD is that there is no method of
assuring that the metals have been decontaminated due to lack of temperature

and time history.

It was proposed by Tooele Army Depot's Ammunition Equipment Office (AEOQ)
that a modification of the Army's Standard APE 2048 Flashing Furnace would
provide a Contaminated Waste Processor (CWP) that would meet future air
pollution requirements. The APE 2048 is a car bottom furnace designed and
tested for decontaminating metal parts at a rate of 8000 lb/hr. The furnace
is 13 1/2' long, 4 1/2' high and 6 1/2 wide.

o~
‘

The furnace is a refractory lined, oil fired, batch type process furnace
to burn off residual explosives from bomb and projectile casings after the
casings have been processed in an explosive removal facility. A picture of
the furnace 1s shown in Figure 1. The furnace chamber is lined with a
lightweight ceramic fiber backed with mineral wool block. The furnace car
bottom has a top surface of abrasion resistant castable refractory, whereon
trays holding the parts to be decontaminated are placed. The doors, which
are closed during normal furnace operation, are lined with a ceramic fiber
blanket. Two burners are located at the front of the furnace chamber on
each side and slightly above the exhaust duct. When used as a flashihg .
furnace, all the air is brought into the system through the burners. For
ammunition decontamination, the furnace is first preheated to approximately
1000°F then the car bottom loaded with trays of items to be decontaminated

are placed into the oven. The furnace/contaminated materials are heated up ﬂé
(:

b
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to the flashing temperature (between 500°F and 1000°F) required for

decontamination and maintained there for the required time. The burner (
settings are automatically controlled such that they are at low setting -
whenever the furnace door is open and at high fire setting or setting

ruquired to maintain the process temperature when the door is closed.

The AEO proposal for using the APE 2048 was based on four suppositions:

l. ‘"he modified 2048 as a Contaminated Waste Processor would result
in more thorough combustion than the air curtain destructor.

‘ 2., ‘The 2048 CWP woulc insure the decontamination of metals by
providing a mesns of documentation that the materials ascertained a known
temperature exposure for a known period of time.

3. The exhausts of the modified 2048 would exit through an exhaust
stack entirely compatible with an air pollution control system (APCS).

4, The modified AFPE 2048 furnace would be economical to build and {

operate.

AEO was tasked by DARCUM to evaluate the feasibility of using the APE
2048 in a Contaminated ﬁhste Processor System. The types and amounts of
contaminated wastes'genera:ed at the Army's ammunitiou load lines were
surveyed and tests conducted to demonstraté the capabiiities of the modified

2048 for handling the wastes.

CONTAMINATED WASTE SURVEYS

Two contaminated waste surveys ware made‘for the CwP: 1) a breliminary
survey by the Ammunition Equipment Office prior to the demonstration tests
and a later in~depth survey at seventeen facilities by a private contractor-
Roy F. Weston Environmental Consultanta. In both cases it was found that
large quantities of combustible wastes and metals are generated. A summary
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of the typical types of wastes and metals are shown below:

%‘\ CONTAMINATED WASTE CONTAMINATED METAL
E; Fiber Tubes Munitions

j% Liners Bombs

b ) Ammo Boxes Pipe

g? 041 Soaked Rags Tanks

'f Coveralls, Gloves, etc. Equipment

f Tires Metal Parts

4§5 f i Conveyor Belts

!  sawdust

E | Pallets

Railroad Ties

The survey indicated that contaminated wastes were generated at rates up
:ii to 6,000 1bs/day (1.5 million 1bs/yr) with contaminated metal generated at

t rates up to 14,000 1b/day (3.5 million lbs/yr) depending on the facility. A
7? summary showing the average generation rates over a three year period at the

facilities surveyed is shown below:

5 CONTAMINATED WASTE CONTAMINATED METALS
: INSTALLATION (1b/yr) (1b/yr)
A Anniston AD 1,320,000 631,000
. ‘ Badger AAP 131,000 230,000
Holston AAP 652,000
" Iowa AAP 526,000 602,000
‘ Kansas AAP 648,000 223,000
Letterkenny AD 1,025,000 776,000
: McAlester AD 836,000 3,575,000
: Milan AAP 817,000 638,000
! Pueblo DA 8,800 679,000
: Savanna DA 4,300 73,000

A
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CONTAMINATED WASTE CONTAMINATED METALS
INSTALLATION (1b/yr) i (1b/yr)
Seneca AD 6,000 367,000
Sierra AD 32,000
Sunflower AAP 217,000 54,000
Tooele AD 259,000 1,799,000
Volunteer AAP 159,000 316,000
Lex=-Blu AD 1,397,000 412,000

Demonstration/Development Tests

Demonstration teets and later development tests were made using the
wastes types listed above. Prior to making the tests, minor modifications
were made to the furnace which involved installing duct work to the top of

the exhaust stack through a 20 hp fan to provide a forced draft.
The objectives of the:demonstration tests were to:

1. Determine if the APE 2048 Flashing Furnace couid be used as a
con;aminated waste procéssor.

2. Determine what modifications would be required to convert the
2048 to a CWP without loosing its capability to decontaminate metal parts.

3. Gather emission data and define air pollution control system

requirements.
4, Define optimum parameters for operating the furnace.

Each burn was accomplished by preheating the furnace to a minimum of
1000°F, with the Eurnace door closed. The car was then withdrawn, materials
placed on the car, and the car returned to the furnace. During the
demonstration tests, the door remained partially open throughout the burn to
to facilitate observation of the waste combustion and to serve as an air
{ntake port. During later development tests, one burner was turned off and

air was injected into the furnace through the burner port. By controlling
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the burner/air injection rates, the furnace incineration rate was nearly
doubled over the early test results.

Test Results

The test results have indicated that the modified furnace has excellent
combustion characteristics., Stack sampling was performed during the
demonstration tests under the directicn of the Army Environmental Hygiene
Agency. The emissions sampling consisted of:

l. Particulate sampling using a particulate sampling train.

2. Noy measurements using a Beckman Model 951 chemiluminescent
Instrument.,

3. €0, 0z, and CO; measurements using a Hamilton Fisher Gas
Partitioner or Orsat.

4. Exhaust temperatures at the furnace stack and fan exhausts were
continuously recorded. The temperatures at the sampling location was
monitored with a fast acting hand held thermoccuple and meter,

During the tests, essentlally no visible smoke was present. The
measured particulate levels nearly met the incineratibn standards of many
states without either an afterburner or an air pollution control system.
The stack sampling data indicated an average particulate grain loading of
0.03 gr/SCF and essentially no NOyx (less than 30 ppm) was present., CO was
below detectable levels.

It has also been found that the furnace exhibits excellent temperature
control characteristics so that we can be assured of destroying any
hazardous or toxic materials that may be placed in the furnace. The CWP
furnace 1is being designed with longer residence times in the stack (0.5
seconds) than was attained in the modified APE 2048 to provide greater
assurance of complete combustion.
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Figure 2 shows a picture taken of a typical test burn. The exhaust at
the top of the fan to the left of the furnace shows the low opacity
of the exhaust gases (nearly invisible).

Furnace Characteristics

The furnace tests have demonstrated excellent operating/system
characteristics. Because of the high incineration rates per pound of air
flow, the furnace can be operated with an air pollution control system with
minimum energy usage. The furnace is also ve%y versatile in that it can be
operated to burn contaminated wastes, flash metal or run mixed loads.
Knowledge that the metal is decontaminated can be assured from the recorded

time and temperature history in the furnace.
Based on the test data, the energy consumption is expected to be
minimal. The fuel consumption for incinerating combustible waste

continously 1s expected to be 2 gallons per hour,

Contaminated Waste Prcressor Design

The Corps of Engineers, Huntsville Division named the Ammunition
Equipment Office "Center of Technology” for the Contaminated Waste Processor
and the Norfolk Distric "Canter of Competance” for Brick and Mortor
dirvecting that the Contaminated Waste Processor design be made.

. Tite Contaminated Waste Processor consists rof three main subsystems with
their associated controls: 1) the carbottom furnace, 2) an air pollution

control system, and 3) two feed systems.

The basic facility layout is shown in Figure 3, The waste will be
brought into the facility and dumped into the loading area from either of
the two doors shown. A barricade wall of 1/8 inch steel is provided between
the loading end and the furnace end of the building. This wall is designed

to provide secondary fragment protection for operators in
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the loading area. Reinforced concrete barricades are laocated around the
shredder and furnace to provide for primary fragment protection.
Although it is expected that up to 3 1b of explosive may be distributed in
the furnace at one time, the maximum credible incidence i3 based cn 1 1b of
explosive., The barricades are sized for 1 lb of concentrated HE (pipe bomb L :
or munition) resulting in a barricade thickness equivalent to 1 inch steel.
The Furnace is located with the front end inside. of the buiiding and the

\ back end outside of the building as shown. The air for the furnace is taken
from inside the furnace area and processed thrdggh the air pollution control

system eliminating fugitive emissions,
Furnace Design

The furnace design is shown in Figure 4 and is basically the same as the
2048 demonstration furaace except that it is larger, (22' long x 8.5' wide x
-6.5" 'high) modified‘for a conveyor top dump, has controlled air injection
ports, and an automatic control system. The burner, exhaust duct, chamber
‘configuration,Lrefraqtories;and ceramic fiber insulation material remain
.assentially the same. Ahtomatically controlled air injection ports are
implemented to maintain proper furnace draft, control exhaust temperature, ..
énd obtimize waste combustion. A large and small burner is provided. The
large burner will be off during most of the burn with the small burner

modulated to provide temperature control.

It is anticipated that the furnace design will operate more efficiently

than was demonstrated by the 2048 during feasibility and development tests.
Although the furnace will be designed with a capacity and control system
that will minimize load monitoring, the possibility of improper loading
causing smoke release would always exist. Also it is recognized that the
continuous feed system may stir up a certain amount of ash when in use that
was not present in the feasibility tests. An air pollution control system
will thus be used to assura compliance with emission standards under all

operating conditions.

993




J‘ﬁ"l!mm‘wu“g\'if\;mm’w ;iﬂlv\m ‘!‘iv-‘v}}, "rn:;z LSRR R ,'B“Emavv\am‘xﬂag.n‘mrm




T - -
B LIS e

D e I

i

NI I O RAY Y RISy mme e =!~!\:'!ri\\l!\uw\.1|;(:\‘w
A i N ey
v 0

Based on the results of the preliminary contaminated wuaté‘sur#ey wade
by the AEO and tha workload expccted oy various Army organizations, the CWP
was designed to incinerate 600 Llb/hr of comBuatible vaste when batch loaded.
It is expected that the furnace will tncinerate between 800~1000 lb/hr of

waste when operated with continuous feed.

The furnace was also to be designed to be capable of fiashinﬁ large
quantities of contaminated metal- 10,000 1b/hr. The furnace carbottom and
burners have been sized accordinglv, although it' is expected that the metals
will generally be flashed when 1ncinerat1ng mixed waste-metal loads for

minimum fuel usage.
Air Pollution Control System

The CWP air pollution contrecl sysiem is shown in Figure 5. The APCS
consists of a gas cooler, cycloane, baghouse, exhaust fan, and exhaust stack.
The furnace exhaust gases (1600°F, 4000 SCFM) will be cocled to 900°F with
dilution air. The gas cooler will cool the exhaust gases to provide a gas
temperacure of 250°F which {s within the operating limits of the baghouse.
The gas cooler is used to minimize the exhaust fan power requirements as
well as exhaust pas processing requirements. The exhaust gas will then pasgs
through the cyclone to remove particulate down to approximately the 30
micron size followed By the baghouse for removal of particulate to 0.5
micron. It is expected that better than 99% of the emjtted particulate will
be removed by the cyclone/baghouse combination. The exhaust gases (250°F)
will then pass through the fan, which provides a negative draft on the (WP

system, and exits out the exhaust stack,
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Feed Syatems

Two types of fead systems will be provided for the CWP: 1) A batch
loading system; and 2) a continuous furnace top dump conveyor system with
front end preparation. The overhead trolley batch loading system uses
baskets as a means of collecting and holding the waste as it is destroyed in
the furnace. The baskets are 6' wide x 12' long x 2' high and are
fabricated of steel with wire braided sides and bottom tray to catch the ash
and residue. The baskets are loaded in the loading area and are picked up
and transferred to the furnace by the overhead trolley. Quick release hooks
remotely controlled, load and unload the baskets to insure the safety of an
operator., The system is controlled automatically by a microprocessor
control system. The basket/trolley system can be seen in Figure 6.

The top dump continuous conveyor feed system will increase the
processing capacity of the furnace as well as its flexibility. The waste
will be loaded onto a continuous feed couveyor and carried to the shredder.
The industrial waste shredder is driven by a hydraulic motor with automatic
hydraulic anti~jamming reversing capabilities. It is capable of shtedding.
pallets, 55 gallon druws, railroad ties, wire, cable, light gauge scrap
metal, cloth, paper and cardboard. It has shredding rates to 120 pallets
per hour and can process approximately 40-55 gallon drums per hour. The
shredded waste will be carried from the shredder via a cleated conveyor and
dumped into the furnace through a double sliding valve/air lock system. The
continous feed system is also shown in Figure 6.

Figure 7 shows a general vew of the external part of the building, the

. access areas, and the general APCS layout.
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'The demonatratxon‘developmen: tests of the modified APE 2048 furnace

" have indicated that contaminated wastes generated at Army ammunition planta

audldapota can be qffectively 1nc1neraced.

It is exp‘cted“that the LWP system with a complete air pollution control
system will meet all currvent and future emission standards of State and
Federal EPA;.

The CWP will effectively flash metals and provide a record of the
temperature-cime hiatory as a means of assuring decontamination.

The system ié designed fgr minimum energy consumption through
burner/sir 1njection‘control and by the use of contaminated waste to flash

contaminated metal. : : \
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RECYCLING EXPLOSIVES
By
Ralph W, Hayes
Ammunition Equipment Office

1. The current method for recovering explosive assets from unserviceable
munitions is accomplished in a washout plant (Fig 1), This was one of the
earliest technological developments for disposing of obsolete munitions by
means other than open air detonation, and it recovered some of the assets
from obsolete bombs and projectiles. The explosive was washed from the
bombs with very hot, high pressure water by both melting and hydraulic
mining of the explosive. The explosive ‘was then dried, pelletized, and sold
to the mining industry (Fig 2). Years ago this was considered a very
efficient operation. Recently, with new emphasis on energy and the
environment, the washout plant is becoming obsolete. A great deaal of energy
is required to wash the explosive and then dry it, and a considerable effort
must now be undertaken to clean the water to current standards before
discharging it. The explosive, because of the introduction of water into
the system, does not meet military specifications as the waxes and other

additives are changed in the process.

2. The Ammuntion Equipment Office (AEO) is investigating two procedures
whereby this explosive can be recovered without the introduction of water
and assoclated problems. 1t is anticipated that these recovered explosives
could perhaps be recycled directly back into the loadlines (Fig 3). This
would not only eliminate the pollution and costs associated with the
disposal of the munitions, but also the manufacture of the explosive as

well.

3. The first method takes advantage of previously developed technology.
The Ammunition Equipment Office has developed a high production saw capable
of remotely sawing projectiles in two (Fig 4). The saw is used to cut the
projectile in the major internal diameter. It has been found that while
loading projectiles when Comp B and TNT are poured into the projectile, the
wax additives freeze on the explosive/shell interface. With only a slight
addition of heat to the outside of the shell, the wax and explosive at the
interface melt allowing the explosive slug to drop free. Figure 5 depicts
a small prototype machine capable of melting out projectiles using low
pressure steam applied externally to the shell. It has been found that the
explosive slug can be recovered in about one half minute of melt time.

4, Figure 6 depicts explosive slugs from a recent melt test. Samples of
this explosive have been sent to the Feltman Laboratory at Picatinny for
analysis and it was determined that the explosive still meets military
specification. Feltman Laboratory has been funded to determine methodology
for reintroducing this explosive into the loadlines. This recovery method
has tremendous advantage over the washout plant. The explosive, meeting
military specifications, can be much more valuable if the technology for
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récyclibg 1svdeveloped.',The‘operation i3 pollution frée and the large /
enargy expenditure i& unnecessary since the heat is only used to melt a thin N
layer «f wax and explowive. o .

5. .Melt out procedures have alsv been investigated on bombs. As this

. figure shbws A 750 pound bomb contains internal wiring conduit which

' Preventy the explosive from dropping out in a single slug necessitating
developing a different method of explosive recovery. Since it is

necessary to melt dll of the explosive in the bomb and pour it out, the
nelting process 1s extremely slow. For safety reasons, the amount of heat
that cdn be applied .externally to the bomb shell 1s very limited (225°F).

If the bomb is ‘placed with the exposed end downward, the explosive cannot be
melted completely because as the explosive melts and falls awsy on the
outside diameter, an air gap 1s formed which impedes the flow of heat to the
center of the bomb. Therefore, it is necessary to heat the bomb with the
exposed end -upwatd and entirely melt the contents before pouting the
exploaive?ftom the bomb. Experiments conducted by the Ammuultion Equipment
Office have shown that this operation takes 24 hours. ‘ ‘

6. It was hypothesized that perhaps microwave energy could accomplish this

melt ‘out at a faster rate. Microwave heating is extremely unique in that

the properties of the material being heated is the determining factor in the

amount of energy absorbed in the operation. Tests were conducted for AEO by

the Magsachusetts Institute of Technoulogy (MIT) to determine the loss factor

and half power depth for various explosives.  The loss factor is

proportional to the ability of the material to convert the microwave energy ‘
into heat. From the data obtained from MIT, it was determined that Tr{tonal !
and Minol II were the best candidates for melting with microwave energy. The ‘
loss factor versus temperature for Minol II #s shown in Figure 8. As can be

seen, the loss factor for Minol II increases gradually with temperature until

it approaches the melting point where it increases rapidly. These properties

of Minol II and Tritonal are very significant because warm spots begin

absorbing the energy much more rapidly than the cool surroundings, and a hot

spot may be formed. The hot spots then begin absorbing all of the energy and

a thermal runaway condition can result., This is very significant when the

material being heated 1s explosives., Figure 9 shows our first impression of a

thermal runaway condition of this material.

7. The half power depth (Fig 10) is the depth in the material at which the
power is half of that at the surface. This number indicates the ease in
which energy penetrates the material. For example a short half power depth
means the material will be heating on the surface. A very large half power
depth means the material is almost transparent to the microwave energy.

Using this information it was postulated that bombs with the base plate
removed could be placed with the open end downward and microwave energy
beamed into this opening. The bomb shell would serve as the cavity or oven.
It was also postulated that the energy could be introduced at such a rate
that the explosive, melting at the surface, could fall free of the microwave
field before becoming overheated. A small 2 1/2 KW, 2450 MHz microwave system
was rented to conduct the initial test work (Fig 11). A bomb was placed in a
bomb stand capable of rotation to provide more uniformity in heating. The
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explosive aurface was preheated to insure that hot spots would not be formed
internally and then microwave energy was applied to the explosive surface.
Using ve.y sophisticated infrared camera techniques, the temperature of the
explosive surfece was measured throughout the melting operation. It was
demonstrated that the explosive could be melted from the bombs.,

8. Figure 12 Jepicts a 750 pound bomb that has been melted out using
microwave energy. Fortunately the metal shell of the bomb interfers with
the heating process at the explosive interface and the asphaltic liners are
not melted. This leaves a product which is presumed to be uncontaminated
and a candidate for recycling. It was determined that this melting

- procedure required less than 20KW hours of energy compared to 915KW hours in
the washout plant. The next test was undertaken to determine the maximum
melting iate using microwave energy. Since the Army already owned a large
25KW 915 MHz unit it was decided to use that unit rather than buy a new one,
even though it was a different frequency (there are two frequencies
available to industry).

9. The loss factor and half power depth of the explosives were again
measured by WMIT, a*t 915 MHz. 1t was observed that the half power depth
greatly increased at this low frequency. This had two effects. A positive
effect was that the maximum melting rate of the explosive would perhaps be
greater than that at 2450 MHz. With the energy penetrating deeper in the
explosive, the surface would not overheat as quickly as with all of the
energy being absorbed right at the surface, and theoretically more power
could be applied. However, the potential for danger increased with
subsurface heating. Operating this unit at a power level of about 12KW, AEQ
successfully melted both Tritonal and Minol II bombs in approximately one
hour melt time. A fire resulted in one of the tests. It was presumed that
this was caused by the nonuniform mixture of explosive. A pocket of
material more "lossy” than the material on the surface evidently existed.
With increased energy penetration below the surface at this frequency, this
material began to heat quicker than the material at the surface. This
resulted in super heating the explosive trapped behind the surface, and the
outbreak of a fire.

10. AEOQ i8 currently in the process of additional testing with microwave
energy. We have purchased equipment at 2450 MHz, which was the original
frequency, and the one which we believe has the biggest safety factor.
These current tests are aimed at maximizing the safety of the operation and
developing controls to enable us to field what has initially been a research
and development effort, into a production unit. Figure 15 depicts our
current test equipment. In summary, the technology for microwave melting
has been fully demonstrated. The big challenge lies in providing depot
organizations with sophisticated technology packaged in such a way that the
safety of the operation is guaranteed without requiring speclally hired
operators with special technical knowledge.

11, In analyzing these .two melt out techniques for recovering explosive,
they both have tremendous potential for saving the government money, energy,
and eliminating environmental insult. The steam out process can safely be
assumed to have a very high confidence level for suctessful application to
demil operations in the near future. Although the microwave melt out
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offers tremendous advantages, the confidence level that this technology will
be fielded soon, is not as high as with ateam out because of the
sophistication of the operation. We do feel confident, however, that there
is a good chance that these obstacles will be overcome in the future test
that we are now undertaking. Much of the success of both processes relies
upon the ability of Feltman Laboratozies developing the methodology for
recycling this explosive back into the loading operations. With this
technology firmly in hand, the Army could clearly demonstrate excellent
examples of complying with the Resource Recovery Act and the many benefits
resulting from recycling resources.
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THERMAL RUNAWAY CONDITION
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Half Power Depth Factor/Temperature
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MODELLING ENURGETIC MATERTALS AS SYSTEMS h
[ . {
by | I
A ! " . ' }
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' R - . . N .i
I \ A “JeanQG. GOLIGER o :
French National Company for Propellant and Dxplosives (S,N.P.E.)
y‘ ! " - | ;
ABSTRACT
' A
b . h \
| ri . .
\ Energetic haté:ials\(gunpowdéf, high explosives, solid propellants,
o . etec) are coﬁblex sets., They cvan be better understood if modelled o .
‘as systems, i.e. a sets with interactive properties, The Energetic- ‘ ‘
Material as System (or EMS) approach leads to create a new - : R ‘%‘iﬁ
| concert, that of "energetic behaviar”., The "energetic behavior" of ‘
! én explosive brings together all its decaomposition properties o . 3
o : ' v (combustion, detonation, convective combustion, ete). The'enepgetic ‘
behavior cf &n explosi?e‘torms the busis for asseséing ite hazards I |
and petformanze. o ‘ ‘
. ,
* gafety Research Manager, "lLe 3ouchet" Research Center ~ P) Box n® 2 - {
91710 ~ VERT-le~PETIT- FRANCE ]
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Th.s article descnbes the uteps which led us empley the notxon of X B N ,
a system in m&dellmg energetm matenzm namely. to rapresent \ - | 1{&"
them as systems. Starting with the current state of. knowledge ‘
which appears to be unsatisfactory,’ we shall show how the notion of "
systern gradually teok shape. R ~

‘The term energetic materials which Ew‘e employ denotes any typé of |
eXplosive 811}rstgnce (guggowder, pz;opellants, explosives etc) in the ‘ i
condensad state. | e R - ~ L &
Note also that the field of knowledge with which we are concerned i;ﬂ
here is essuntially tk\,‘a‘t of the deco;m‘positio’n prope~ties of these ‘ 1
materials. = Thesc uroperties are related te all possible decomposition b
modes of the material and their evolution (steady state conditions or \
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- Some anergetic materials have been known f.or a long time; large
8 ‘ ot __ bodies of i\\furmation about them are often a.vanable‘ Furthermore,
e o ~ ' certain lcian&iﬁc disciplines, auch 88 detoration science, have

4 o . rebched a yery high 13l of specialization.

‘Nbvér'theleaa'\‘ the state of kndwlé‘&ge pertaining to decomposition .

[}

properties is unoatisiactory In many cases, the data available are

. o sporac.ic, and uot always consintent. 1 Hence we only have a very
«:‘f \ B . ‘ » inuomp;ete vxew of the uecomposltuon propernes of these matervala.
Lol el It ha.s alpa bepn observeu that acc1dentq shed hght on unexpected

b "' \ propart:ea “and that . thé kuowledge of areas as fundamental as, that of

Lo

convectwe combustion ig st:tll in 1ts mceptlou.

."Th'm is because an energenc mater;al 1s complex. Even the

:; thorough knowledge of some of 1ts propert;es at a hxgh sc1ent1f*c level
cannot substxtute for an overall view. This fragmentdry knowledge
enables us neithei' to predict the real behavior of explosives in

practical situations, nor to situute our information accurately ih the

overall scheme.

One exaraple of this fragmentary approach is provided by the
+ Encyclopedia of Explosives (Ref.1). This is a gigantic, outstancing

work, a vast compilation of all information available about explosive

substances. However, this enormous compilation is rnade without
[ a consistent pre-established scheme interrelating the decomposition
| . properties of explosive substances. One can guess the limitations

of the work thus achieved, which only succeeds in providing

"unstructured" knowledge,
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| Hence tke ficld of energatic materials remains rather impenetrable

and conig‘z‘u‘ed. Tre relevant training of reswarchers and enyireers
iu a \t‘ime-consuming, difficuit mattex. It is a field of activity of
experts, e'nd this nften appears aomewhat strange and unexciting to

the ihtere sted lzyman.

\

[ ) v
o .

. Aware‘ of this i’cuation; we bave attempted, over a pariod sparining

. aevera‘l*yeau‘.“té develop a more synthetic method of information

about energetic mater‘iais. Our efforts have succeeded and have '

1

led to fru1tfu1 appiv cations. = Some elements of this method are

discussed hem

We f1rst trled to groug ‘the de\.omposxtmn properties of an energetic
material, and deroted this grouping by the expression "energetic

behavior". = We shall now show how we developed this notion.

2.1 Explosive behavior

Bibliographic reszarch led us to an interesting work on this subject,

the American manual AMCP 706.180 "Explosive Behavior” (Ref.?2)

This work groups together the following:
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detonation with its different variants (high and low velocity).

thermal explosion.

This work only deals with the most violent decomposition modes.
Hence we felt that this grouping was incomplete. On the other hand,

the work introduces a notion which we adopted, that of "Behavior".

- 2.2 Behavior versus properties

The characteristics of an energetic material are generally described
under the term "properties". Thus we read of the "detonation
properties" of an explosive. As we know, however, the real response
of an energetic material to a stress from its environment is not a

simple one.

Thus the term "property" appeared to us to be too static, too inadequate
for a complete description of a material's characteristics. We
therefore decided to use the term "behavior" when dealing with a

set of properties, and reserved the term "property" to an elementary
characteristic. Similarly, when attempting to describe the response
of a material in a real situation, we have used the term "behavior":
this notion refers to a situation, an environment, and corresponds

more closely to the complex reality of possible responses.
Hence for detonation properties, we now use the expression "detonation

behavior", which is itself part of the "explosive behavior" of the

material.

1025

N




'V 2‘3 Energetic bahaVior AN IR I B e & s e . ctm . o o - » [ ] - ~.¢ » ‘
\
L ; Going a step further, we broadened the notion of "explosive behavior"
3 and decided to group all the decomposition properties of the material

under the term "Energetic Behavior".
:‘_ This term thus includes:
. "stable" decomposition modes:
detonation,

. parallel layer combustion,

. evolutive decomposition modes:

thermal explosion,

. convective combustion,

. transition toward detonation, i
i
! . sensitivity: i.e. ability of the material to adopt a given

decomposition mode after a stress (deliberate or accidental).

{
v ENERGETIC BEHAVIOR REFERS TO THE SET OF ALL THE ;
. DECOMPQSITION PROPERTIES OF A MATERIAL. §_,
é
{

"Energetic behavior" includes "explosive behavior", to which the

material's combustion properties have been added.

We now give a simple example of what i8 covered by the term

energetic behavior for a solid propellant.

i'«l .
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(a)  Set of possible decomposition modes: e c =

detonation, ‘ | ) g

{ thermal explosion, i
3 parallel layer sombustion, :
g pyrolysis. ; : : - *\' o ~;§
ﬂ with their specific characteristics. For example, for a i
detonation:  detonation velocity, etc. ‘. \ i
| :
! (b) Sensitivity: (to shock wave, to flame, ...). \

_~};73’!3=};‘-‘" 5

| i

J 3 _~ MODELLING EXPLOSIVE SUBSTANCES AS SYSTEMS ]

l We shall now show how the notion of energetic behavior led us to model f 1

f the material in the form of a system. ‘
3.1 Overall behavior of the material
We felt that this new notion of "energetic behavior" would be useful in §
attempting to make a representation of the overall behavior of the
material, as compared with the usual fragmentary view.

1027
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The representation of an energetic material thus includes two iavels

of description (figure 1).

{
\ B
. slementary properties: combustion rate, velocity of detonation
‘ \ etc,
behavior: energetic, mechanical and other.
v CHEMICAL ZLECTRICAL
B ——
1 COMYOSITION PROPERTIES
| S f 1
¢ PHYSICAL
DESCRIPTIOUN MECHANICAL
BEHAVIOR
v \ :
MECHANICAL |- \ \ | S
\ PROPERTIES : \ {'
R COMBUSTION, DETONATION

» ~~ PROPERTIES, ETC

ENERGETIC BEHEAVIOR

Figure n® 1 - PROPERTIES AND BEHAVIORS OF AN ENERGETIC MATERiAL

5
4
-
]
e
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o © As we can see, energetic behavior is part of the gemral.\behavior of

the material (figure 2).
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THE ENERGETIC BEHAVIOR, QF AN ENERGETIC MATERIALIS . _. .. ..
THAT PART OF ITS OVERALL BEHAVIOR CONCERNED WITH ITS

ENERGY LIBERATING FEATURES.

This overall view of an energetic material enables us to see the
interactions of its properties clearly. Hence using this new
approach, the combustion and detonation of a solid propellant are no
longer independent properties, but different facets of a single
characteristic: its energetic behavior. It is the existence of this
characteristic that gives explosive substances their specificity.

It is this energetic behavior which gives them their"raison d'étre), and

which is also the source of the hazards which they incur.

3.2 Behavior and system

Our analysis highlighted several ideas which we set forth below:

the decomposition properties of an energetic material are not !

independent, 5

i

they can be grouped within the notion of energetic behavior,

energetic behavior is that part of the overall behavior of the

material which is concerned with energy release.

At this point we can state the following: the manner in which we

represent the material is merely a system* of which the elements

g e

are the eclementary properties (figure 3) (*System : set of interacting

B 1

elements organized to achieve a predetermined objective.)
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L This approach is over twenty years old in other fields (thermodynamics,
g N v.‘ [ ) LI | DR BT I NN )
biology etc). It provides a clear, synthetic view, upon the
modelled sets. It in no way substitutes for specialized work, but
supplements it.
4
L 8 The question arises as to how.  We haveseen that the energetic

g

behavior of explosive substances is complex, and that it is the result of
the interaction of many elementary properties. The salient feature
of the system approach is to proceed beyond spot analyses and to

highlight the knowledge of these interactions.

INput  ———— |energetic material = system
: ith i 1 ‘ ie
environmental \'vzt. its e c?mentary properties
in interaction
stresses l

A output

material behavior

Figure 3 —_ Modelling an energetic material

3.3 Application of this model

In our view, this new approach offers potential applications in three

areas: teaching and training, safety, and research.

With respect to the training of young engineers and scientists in

i . explosive substances, the system approach renovates the teaching

process. On the one hand, it becomes more attractive; on the
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other, unification of the knowledge could lead to the development of
certain multidisciplinary courses, rather than the intensification of Q ;
certain disciplines to the extreme, which hyperspecialization is liable

' to make esoteric on the teaching level.

_;f'"* " . - . 'With réspect to safety, we cannot neglect the tendency to consider the
sets examined as systems. Hitherto, however, the possibility of

S placing explosive substances in systems was not seriously considered.

One i\mmediate application that can be described is the determination

of (energetic) failure modes of the explosive substance itself.

It is a known fact that in the area of safety, it is hardly possible to

; make a risk analysis without knowing the failure modes of the eiements.

f Modelling an enevgetic material as a system helps us to identify them

i for this material (v-e suggest the example of solid propellants) (figure 4).
i input ‘ aggression

f normal environment

‘éi l operational stress

system

t solid propellants

’ output i functional mode: parallel layer combustion
{failure modes: detonation, pyrclysie,
thermal explosion, ...
; Figure 4 ~— Energetic failure modes of a propellant
The energetic failure modes of a propellant are its non-functional

decomposition modes.
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T0o conclude, the system approach which we have applied to energetic
materials provides us with a method which interlinks today's too
fragmentary information., While it does not try’to substitute for the
traditional disciplines, this approach opens the way to a more
synthetic interdisciplinary knowledge of explosive substances.
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GENERAL 3 |
R 'he Foam-HEST (High Explosive Simulation Technique) nJciear airblast ‘
simu1ator was dbscribed in detail in another paper. Lefore this symposium.
In that puper, some of the variables inheren: in the construction and
funct1onfng of that simulator were described. Some of the var?abTes that

affect the consequent simulation include the density, chemical nake-up, , <°f

\ and energy rnlease characteristics of the explosive, the composition and

\densfty of the Yoam support material, the depth;and density of overburden,. Lo

and the method of explosive initiation and timing. Unfortunate1y. the ]
ultimate simulation environment is extremely sensitive to many of thefer'
variables. In particular, the composition and relative densitiﬂs and
configurations of the foam and the exp]osive are critical to obt aining ‘
the desired environment. In the past, the so- ca]]ed 'fineatuning" of
the Foam-HEST system in preparation for a major simu]ation test wa; done,
by firing a series of relatively large field caiibration experiments to
“zero-in" on the desired high-pres- ure environment Tuese experiments
were costly, time-consuming, and experimenta]ly and sct ent1fica]1y rather
unreproduceable. Also, as field experiments, they were fraugh* with the
same safety problems as the major tests. To overcome these problems, the
Air Force Weaspons Laboratory énd the Civil Engineering Research Facility/
University of New Mexico (contnactor) cdnceived and developed the Foam-
HEST Calibrator (cylindrical calibrator, CZ).
FOAM-HEST CALIBRATOR

The Foam-HEST Calibrator is a laboratory-scale device designed to
measure the resultant pressure-time environment produced by various foam/
explosive configurations. Figures 1, 2, and 3 show the device in detail, !
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 a. Overall view, fauing north rotaining walt.,
Detail of west cylinder anu piston rvetrieval area (left).
Figure 1. Expiosive-Foam Cylindrical Calibration (C?) Facility.
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The calibrator consists of a heavy-walled (76.2 mm thick) steel cylinder
330 mm in diameter. The tube is approximately 1.5 m long and made of
high-strength 4140 steel. An explosive-foam charge is placed in the cen-
ter of the cylinder and detonated by a high-voltage exploding-bridge wire
(EBW) detonator. The detonator cable is fed intc the cylinder through a
small port in its side. The two open ends of the cylinder have been fit-
ted with pistons constructed from a 305 mm iong steel cylinder with an
inset 50.8 mm‘thick faceplate. Within the cavity, behind tne faceplate,
a pole (photopole) is mounted on a threaded base plate for high speed
photographic purposes. Sealing between the piston walls and cylinder
walls, to prevent the early leakage of detonation products, is accomp-
lished by use of a urethane plastic obturator.

INSTRUMENTATION

Several types of data are gathered in each experiment. Pressure
measurements in the cylinder are made by pressure gages mounted in 31.75
mm diameter ports spaced around the cylinder midpoint. Gage faces are
protected by debris shields. Piston displacement, post-detonation, is
measured by high speed photography, time-of-arrival shorting pins, and

double integration of piston-mounted accelerometers. Al1l three methods

give very consistent data. A1l gage outputs are transmitted by cable to

nearby junction boxes and then, through buried cable, to a recording van
located 30 m away. Figure 4 shows experimental configuration and the
resulting piston ejection. Figures 5 and 6 illustrate some typical data

from an experiment.
1040

H
|-

i .8t e o, 1

iy v i veia




Ly

e e

a. Detail of west cylinder, instrumentation, and piston retrieval area.

b. Piston retrieval area post test.

Figure 4. Explosive-Foam Cylindrical Calibration Facility
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SAFETY CONSIDERATIONS

To operate the Foam-HEST Calibrator in a safe manner, a number of
precautions were taken durinyg construction. The cylinder was construc-
ted of high-strength steel, to withstand pressures of up to 14 MPa (in
excess of 2,000 psi). The cylinder has been experimentally tested to
over 20 Mpa.

Because of the danger of flying debris in the event of a tube fail-
ure, a protection system was constructed. The north wall of the facility
is a steel-reinforced, concrete-filled block retaining wall abutting a
3 m high earth berm. To the west, an extension of this wall provides
blast protection for the time-of-arrival (TOA) data systems housing.

This TOA enclosure is itself covered with earthfill for additional pro-
tection. The south wall is a steel-reinforced, concrete-filled block

wall 2.4 m high but only 1.2 m wide with wing backs. Spanning the walls
directly above the tube are two earth-filled timber box beams stacked
vertically to provide 610 mm of earth and timber obstruction against frag-
ments. (See figures 1, 2, and 3).

Since the pistons are expelled from the device during each experiment,
it was necassary to construct retrieval areas approximately 2 m from the
cylinder ends. After being expelled from the cylinder, the pistons lodge
in the piston retrieval area. The energy of the piston is absorbed by
its impacting a sand berm retained in place behind a foam-plywood retain-
ing wall. The piston travels through the air, passes through the foam-
plywood wall, and comes to rest a short distance into the sand. This

system provides a method for retrieving the pistons with Tittle or no

damage,
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g | As mentioned previously, data is gathered in a mobile electronics van
g‘ located 30 m from the cylinder. The van is located northeast of the test
0 area and behind a protective berm. The experiment is remotely detonated
from this van after the area has been cleared of all personnel. Standard
Air Force clearance, post-test, and hanafire procedures are followed in
these experiments.

SUMMARY

A Foam-HEST Calibrator has been developed %o reduce the time and cost

ol L T AT

. of preparing for large-scale field HEST simulations. The development of
f this device has also resulted in enhancing the safety aspects of these ' ‘
[ test-firings relative to a field situation. High-strength steel, con- : !
4 crete block barriers, sand berms, and sand-filled box beams have been !
{g employed to minimize the dangers of flying debris. Data is gathered re- |
3 motely behind a sand berm. Firing is accomplished remotely and standard
explosives' safety countdowns and procedures are employed. This facility
has maintained a perfect safety record in its two-year operational history.
This has contributed to the Air Force Weapons Laboratory winning the Air

Force Explosive Safety Award three years in a row (soon to be four).
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UNIQUE EXPLOSIVE SAFETY PROBLEMS ASSOCIATED WITH LARGE SCALE
NUCLEAR AIRBLAST AND GROUND SHOCK SIMULATION TESTING \
During the past several years, the Civil Engineering Research Divi-

sion of the Air Force Weapons Laboratory (AFWL) has been invoived in the

testing of conceptual models of missile shelters to the airblast and
ground shock effects of ruclear weapons.

This work is done at remote locations by combinations of Air Force
personnel and contractors. The testing includes the design and con-
struction of large scale models, the application of instrumentation to

the models, generating and measuring the airblast environment, and

measuring motion of the near field test bed, and propagation of the

s

i
&
s
i
£
53
i

ground shock to far field locations.

Jov i i

i Each test requires the efforts of a large number of different dis;

ciplines working over a long period of time. Some of these overlap

with the period when the explosives must be installed.

-l R I
o—

This paper deals with unique problems encountered in the process
) of fielding such a test.

For the testing of missile shelters, one of two kinds of simulators

is usually used. The Dynamic Airblast Simulator,(DABS) is used for small
models where the target may be sensitive to dynamic pressure loads and
to define dynamic pressure loads in cases where the calculation of these
loads is infeasible, so that they can be simulated with another tech-
nique (see figure 1).

In this case, the explosive was a detonating cord. The design re-

i quired an even distribution of a given amount over the back wall of the
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DABS. This was done by calculating the amount to be hung on each hanger.
Then wrapping it in a bundie and hoisting the bundle up to the hanger and
tying it. This work was done by an Air Force crew consisting of three
EOD NCO's, one officer who is qualified both in EOD and engineering and
one ancient civilian who is experienced in explosives and engineering.
This crew was highly disciplined and none of the usual explosive discipline
problems were encountered. The technique used was to wrap the bundles in
the explosive area, then transport the bundles to the site after site
working hours and hang them on the wall. The usual warning signs were
used and a guard was posted continuously until the firing date. The
other workers such as instrumentation personnel continued their work on
the model and other gages after the explosives were in place. One EOD NCO
was left in charge of the explosive during working hours.

This test was the first in a series. One of the other tests utilized
a contractor explosives crew. The other tests employed contractors not
necessarily versed in explosives handling to emplace the explosives.

When dealing with contractors for explosive work there are two common
situations. For the smaller DABS tests, a crew from the University of
New Mexico, Civil Engineering Research Facility (CERF) was used to emplace
explosives. This crew is regularly engaged in emplacing explosives of all
kinds. They are well experienced and disciplined and are able to work with
the other people with very few problems. In addition, the DABS type of
experiment uses explosives that are separated by some distance from the main

areas of work. This type of experiment is more expensive than the other
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type and is used for smaller models where a high quality enQironmeﬁt{
is required or where dynamic airblast 1dads'on a stréhturé:c&nndt readi-
iy be calculated. _ | | . |

The other situation, where a High Explosive Simu1at1§n Technique (HEST)
test is used requires much more attention. In this casé; a‘éontractdr's
crew of laborers is used to emplace large quant{tiés of explosives and a
strong adherence to the principles of system safety is required. The
system safety aspects of a HEST test must be designed in as practical,
constructable items. In order to understand how this is done, a basic ex-
planation of a HEST is required.

A HEST is used to simulate some part of an airblast environment that:

has been calculated to be of interest to protective structures. 1lhese
environments may be calculated from ideal nuclear waveforms or obtained
experimentaliy by the DABS technique described earlier. ‘ }j

The HEST design is obtained by use of an Impulse Code called LOCKUP °

"~voyvictds the desion parameters of depth of cavity, height of over-
burden, soil density, etc. 7he erplosive design is made by use of, ex-
perimentally obtained, charge density curves for the configuration to be
used.

This is translated into interleaved layers of explosive and foam so
as to obtain the required pressure and shock wave velocity (see figure 2).
A recent test contained three underground structural models.
Instrumentation crews were working in each model, It was necessary
to supply power and air conditioning to these crews over the top of

the HEST, It is not possible to perform the instrumentation functions and
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explosivq opéraf}ons serially This 15 one of the faretﬁ of this wbrk
that makes the einoaivg safety problems unique ta this kind of R&D
missfon. ° ,?f B \“‘\ : -
| Techniqaes that are employed to cop~ with these unique problems in-
‘clude both recognition of the prob1en as an OVPra11 system safety probiem
nd inclusion of items in the design that perm1t work to proceed on all
'VaSpects of the experiment
The enginnerwng design of the HEST has gone to the use of materials
that can be emplaced quick]y and safely. Cut-outs can be left until late
time to allow access to underground models. These cut-outs are designed

to be quickly and efficiently closed when the underground work is done.

The.AFwL explosive safety officer is included in the discussions of
techniques and procedures to be used in a test and his advice is followed.

Contractor personne] handling explosives and associated materials are Q\

briefed daily.

L

LA ki

Instrumentation crews, survey crews and others who need to be in the

area are briefed daily and coordinate on their activities relative to the

R =
b ket It

explosive operation.

The cornerstone of the explosive safety program is to foster cooperation

among all personnel concerned. The activities of the other disciplines are ﬁ;

required for the test and must be allowed to proceed with as little inter-
ference as possible consistent with explosive safety requirements. f

In this case, it was necessary for instrumentation and photographic crews |
to continue working in the underground structures until late time. During

this time, it was necessary to provide for their passage back and forth
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‘over the top of the HEST to the structures. Air conditioning pipes (
. were temporarily emplaced over the HEST to provide relief from desert
temperatures of over 100°F.

When the work inside the structures was completed, the high speed

- cameras were 1o§ded with film and the photographers backed out. At
this time. a crane was émplaced on top of the HEST overburden to 11ft
the 3,000 1b doors into place.

When this work was completed, the construction crew removed the
sandbags and foam boards that had been used to protect the explosives
from the other activities and the laborers and carpenters came in to
emplace the remaining portion of the explosives. After completion of
the foam HEST, a front loader was used to emplace the remaining over-
burden.

After this point, other people were not required in the vicinity
of the explosives. On test day, the instrumentation crews backed out
of the near field bunkers one hour before test and the ordnance and
safety crew checked out the firing system and attached the detonators
to the firing point.

A review of some of the critical operational details is in order.
(1) A1l personnel required to work in the vicinity of the explosives
must be continuously aware of the nature and location of the explosive
hazards. This includes many disciplines whose normal work is not re-
lated to explosives. (2) Continuous surveillance is required by ex-
plosives personnel over all activities in the vicinity of the explosives.
(3) Precautionary measures must be taken such as banking around power
units, air conditioning compressors and other required engines so that
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accidents such as fuel spills, fires, etc. will not propagate to
the explosives.

Probably the most important feature in the AFWL explosive safety
program is to foster an attitude of cooperation among all personnel
so that possibla problems are anticipated, discussed, and dealt with

before they become real full-fledged problems.
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A NEW METHOD FOR PREDICTING LONG RANGE AIRBLAST OVERPRESSURES

by

Richard A. Lorenz
Naval Surface Weapons Center

ABSTRACT

A new airblast magnitude prediction method has been developed in an effort
to reduce the impact of Naval Explosive exercises (both airdrops and Naval gunfire)
on the neighboring communities surrounding the Bloodsworth Island Target Range
in the Chesapeake Bay, This method uses measured or forecast upper air meteoro-
logical data to predict the airblast levels to be expected in the comunities from
explosions of any size, The method is applicable to both positive and negative
sound velocity gradients and should be adaptable to other explosive operations.

Typical range operations were monitored in the surrounding communities and
the airblast measurements were correlated with nearby weather data taken during
the exercises, This paper will briefly describe the test program and the acquired

data. The new airblast magnitude prediction method will be presented and justified.
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INTRODUCTION

In an effort to reduce the impact of Naval airdrop and gunnery exercises
on the neighboring communities, an extensive investigation was conducted 1in
the area around the Bloodsworth Island target range in the Chesapeake Bay (see
Fig. 1) between mid-September and mid-October 1978. The airblast levels and
ground motions produced by typical Navy exercises were recorded. Rawinsonde
measurements of the upper air meteoroloyical conditions were taken while these
operations were under way. A novel correlation was subsequently found between
the meteorological conditions and the measured overpressure levels.

Under standard atmospheric conditions (1ittle or no wind and negative
temperature gradients) typical Naval gunfire and aerial bombing operations on
Bloodsworth Island should pose no damage threat to the nearby eastern shore
communities. However, when wind shears and/or positive temperature gradients
exist, a phenomenon known as sound focusing can occur which drastically increases
the airblast magnitudes propagated to large distances. A new method was developed
which predicts the degree of sound focusing which can be expected from given
weather conditions.

A detailed description of the test program, the data reduction techniques,
and the search for a new sound focusing prediction methed will be found elsewhere,
This paper will briefly describe the test program and the acquired data. The new
airblast magnitude prediction method will be presented and justified,

TEST PROGRAM

Types of Data. Sound pressure level and ground motion recordinds were taken
for typical target range exercises. Two types of ordnance were used: (1) air-
delivered Mk 82 bomb (110 kg TNT equ1va1entg, which is the largest single munition
item used on Bloodsworth Island; and (2) 5" Naval protectiles ?4.1 kg TNT
equivalent), which represent the most common type of gun firings from ships. Upper
air weather soundings were made during all the test exercises. It was possible
to monitor eight days of gunfire and eight days of bomb tests. A wide variety of
weather conditions were experienced during the sixteen days of tests.

Monitoring Stations. Recording stations to monitor overpressure levels and
ground motion were placed at sites that are representative of the local population
centers and those areas most Tikely to be impacted by Range operations. The
individual stations are listed in Table 1 and are shown in Figure 2. The intended
impact area for the Mk 82 bombs was at the southern end of Bloodsworth Island,
while the target arez for Naval gunfire was located on the western side of the
fsland. The stations which were fully instrumented were Deal Island, Top Point,
and Crisfield. The bulk of the data analyzed comes from these three stations.

]Loren29 R. A., and Berry, J. E., "An Investigation of the Sound Pressure Levels
from the Navy Target Range on Bloodsworth Island”, NSWC TR » in preparation
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The systems which recorded pressur2 level histories had a range from 80 dB*
to 145 dB and a flat frequency response from 1 Hz to 16 kHz (down 1 dB at the
end points). The ground motion recording systems were sensitive to levels of
motion from 0.25 mm/s to 25 mm/s in the 4Hz to 500 Hz frequency range for each
of the three orthogonal components of motion.

Weather Stations. Upper air weather soundings were taken at three locations
as shown in Figure 1. - A mobile Navy weather team was stationed at the field
headquarters and monitoring station on Deal Island, approximately 9 km ESE of
Bloodsworth Island. Arrangements were made for soundings to be taken at the
Naval Air Test Center, Patuxent River, approximately 34 km WNW of Bloodsworth
Island. Regularly scheduled meteorological soundings were available from Walloups
Island, approximately 55 km ESE of Bloodsworth Island.

Only three sets of parameters measured by the soundings are necessary for
airblast prediction purposes. These are the temperature, the wind speed, and
the wind direction as functions of altitude. They are combined to give the
sound speed versus altitude profile for any desired azimuth angle. This sound
speed profile sufficiently characterizes the sound focusing conditions for the
given azimuth ancle.

DATA ANALYSIS

Amount of Data. During the sixteen days of tests, recordings were taken
on 59 Mk 82 bomb drops and 292 rounds of 5" Naval gunfire. Because of the
multiple gains and backup systems used, a total of 43 recordings were normally

-taken by the six monitoring stations for each event. In addition, each of the

gunfivre recordings have two or three pulses (bow wave, shell explosion, and
muzzle blast) that must be evaluated separately. Through a preliminary screening
process, approximately 880 pressure records and 150 ground motion records were
selected for digitization and detailed analysis.

A number of the pressure records were processed through a sound level meter
to determine the effect of Flat, C-, B-, and A- weighting on the pressure signa-
tures. Approximately 130 weighted pressure histories were digitized and analyzed.
Furth:r discu?sion on the effect of weighting the pressure histories will be found
in Reference 1.

Bomb Data. Figure 3 is characteristic of the overpressure and ground motion
records from Mk 82 bomb explosions. Rise times are relatively slow (tens of
milliseconds). Multiple pulses are observed with the positive and negative peak
pressures approximately equal. The ground motion sensor begins responding
during airblast arrival, indicating that the ground motion was airblast-induced.
No directly transmitted ground shock was ever positively identified in the test
series. Two strong frequenciec can typically be seen in the ground motion
records, about 33 Hz and 10 Hz.

Sample digitized Mk 82 records are shown in Figure 4. The bulk of the air-
blast energy is typically concentrated in frequencies below 12 Hz. The 33 Hz
frequency component is seen to be dominant in the two relatad ground motion records.

;instantaneous overpressures (p) in this paper are expressed in units of
decibels (dB) defined by:

p(dB) = 20 logyy (p/p,)
where Po * 20 micropascals.
1059
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A detailed examination of ground motion data was not made because all
records indicate that the maximum velocities were two ordgrs of magnitude below
the documented 25 mm/sec threshold for structural damage.é» 3» 4 It does not
appear that ¢round motion from Mk 82 bombs contributes significantly to possible
damage in the communities near the Bloodsworth Island target range.

Gunfire Data. Figure 5 shows the complex long-range signatures generated
by Naval gunfire. The shell bow wave shown in Figure 5 is separated in time
from the shell explosion, but usually the bow wave and the shell explosion signals
arrive together and are not directly separable. The amplitude of the muzzle
blast and its arrival time with respect to the shell explosion pulse varies with
the position of the ship, number of guns fired, type of fire (single or multi-
gun salvo), and the propellant charge. Generally, as shown in Figure 5, the
amplitude of the muzzle blast was greater than that of the shell explosion, and
its predominant oscillations were lower in frequency.

:

Sample digitized gunfire records are shown in Figure 6. The energy of the
shell explosion was usually concentrated in frequencies below 100 Hz, while the
energy in the muzzle blast is generally found below 30 Hz.
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The ground motion resulting from 5" Naval gunfire is even less than that
from Mk 82 bombs. Therefore, it does not appear that ground motion from Naval
gunfire contributes significantly to possible damage in the communities near the
Bloodsworth Island target range.

v Damage Threshold Levels. Spectral analysis of the overpressure records

s shows that the blast energy is concentrated in frequencies below 12 Hz for Mk 82
i bombs and below 25 to 50 Hz for 5" gunfire. Typical house structures can follow
H these frequencies® and will respond to the peak overpressure rather than to the
%* impulse of the blast wave.

i Complaints and damage reports were received on one day when Mk 82 bombs

; were being dropped while strong focusing conditions prevailed. The complaints
and damage concerned loud noise, rattling windows, one broken window, and cracked
plaster. Nearby sound overpressure levels were measured in the 125-135 dB range.
Although the reported damage was minor and 1imited in area, the measured levels
were considerably below the 134-140 dB threshold levels normally considered

| szu. T. K., Kinner, E. B., and Yegian, M. K., "Ground Vibrations". Sound and
‘ Vibration, 26-32, Oct 1974

3N1cho11e, H. R., Johnson, C. F., and Duvall, W. I., "Blasting Vibrations and
their Effects on Structures", Bureau of Mines Bulletin 656, 1971

4von Gierke, H. E., Chairman, "Guidelines for Preparing Environmental Impact

Statements on Noise", CHABA WG 69 on Evaluation of Environmental Impact of
Noise, Jun 1977

5"The Effects of Sonic Boom and Similar Impulsive Noise on Structures",
NTID300.12, 31 Dec 1971

e ' @ « - . . o
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acceptable.s' 7 Therefore, the peak overpressure level is believed to be the
principal parameter related to damage and should be held below 130 dB.

Weather Data. Upper air weather soundings were scheduled for Deal Island
and the Naval Air Test Center (NATC), Patuxent River at 0600, 1000, 1400, and
1800 EDT on test days, with an additional sounding at 2200 EDT during evening
gunnery exercises. Wallops Island had regularly scheduled soundings at 0700

and 1900 EDT daily.

A total of 153 weather soundings were taken during the sixteen test days.
Deal Island took 57 soundings, of which only 35 had useable wind data. NATC
took 67 soundings, and Wallops Island provided 29 soundings.

The set of NATC soundings was used to represent the weather conditions in
the Bloodsworth Island region. NATC had the most complete set of soundings made
throughout the test days. Deal Island used the piba] method of visually tracking
a balioon to obtain the wind data, while the other two stations used the LORAN-C
navigational system. As a result the Deal Island wind data was excessively
smoothed so that the weather data correlated very poorly with the measured air-
blast levels. Both NATC and Wallops Island weather data, however, correlated
well with the measured airblast levels.

The wind speed and direction data represent one-minute averages during the
rise of a standard balloon. This seems to be an appropriate averaging time to
detect the significant wind trends. Most NATC wind data was taken using 15
second averaging intervals. In many cases the measured fluctuations were large
and obscured the major trends. When these data were reworked numerically to give
effective one-minute averaging intervals, the desired trends were obtained.

OVERPRESSURE AND WEATHER CORRELATIONS

Weather Parameter. Blast focusing occurs when the atmosphere acts like a
lens to focus soundsrags toward some point on the ground surface. According to
ray tracing theory,”® “ this condition can come about when the speed of sound
at any altitude exceeds the speed of sound at the ground surface. The weather
data is, therefore, used to construct sound speed versus altitude profiles to
estimate the degree of blast focusing that can occur.

At any altitude the total sound speed in any direction is equal to the
temperature-dependent sound speed of the air plus the wind velocity component
and is given by the equation:

6"Sonic Boom Experiments at Edwards Air Force Base", Interim Report, NSBEQ-1-67,
AD 655310, 28 Jul 1967 :

7Reed, J. ., "Guidelines for Environmental Impact Statements on Noise (Airblast)", i
Minutes of the Seventeenth Explosives Safety Seminar, 14-16 Sep 1976 ‘

8Cox, E. F., "Far Transmission of Air Blast Waves", Phys. Fluids 1, 95-101,
Mar-Apr 1958

9Perkins, B., Jr., Lorrain, P. H., and Townsend, W. H., "Forecast1ng the Focus
of Air Blasts due to Meteorological Conditions in the Lower .Atmosphere", BRL
Report No. 1118, Oct 1960
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33].4\J1 + T/273 - WS cos (WD - 9) (1)

where v = Total sound speed in the 6 direction (m/s)
6 = Azimuth angle (deg), clockwise from true North
T = Temperature (deg C)
WS = Wind Speed (m/s) |
WD = Wind Direction from which wind is blowing (deg).

clockwise from true North

Direct application of ray tracing techniques were disappointing and inade-
quate. Many attempts were made to discover a uséful relationship between the
sound speed profiles and the measured pressure levels. The correlations tended
to become worse as more details of the sound speed profile were included, Finally,
a promising correlation was noticed when only the maximum sound speed difference
and its altitude were combined. The parameter which eventually evolved to
represent the weather conditions is related to Mmax in Figure 7 and is given by
the equation:

R = arctan (Av/4 Az)max . (2)
where B = Weather parameter (deg) for a given azimutha] direction
Av = Sound speed difference (m/s) related to n .. 1in Figure 7

Az = Height (km) for Av above ground surface. If Az is less than

0.3 km, it is reset to equal 0.3 km for this calculation,

Note that the weather parameter 8 depends only on the most important feature
in the sound speed profile: the velocity difference which would have the maximum
effect in standard ray tracing calculations. The usual ray tracing calculations
fail because they are extremely sensitive to the detailed shape of the sound speed
profile. Normal wind fiuctuations can significantly alter the details of a sound
speed profile within minutes after it is measured. A strong wind blowing at some
altitude, however, can be expected to continue hlowing for a considerable time
and over a significant area. Therefore, if a sound speed profile is expected to
represent the weather conditions over a large area for a period of time, only
the major trends in the profile should be relied on in the first place.

The factor "4" in the expression for B helps to spread out the data points
in the figures discussed below and to make the plotted data more linearly distri-
buted. The 0.3 km 1imit on Az was rather arbitrarily imposed to prevent gentle
breezes near the ground surface from triggering erroneous severe focusing
condition warnings.
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Airblast Parameter. The airblast parameter p for an event is one-half
the peak-to-peak pressure difference in the measured flat instantaneous over-
pressure versus time record. Half peak-to-peak is used because the measurements
are sufficiently far-field that the peak positive and negative overpressures
are approximately equal. In addition, baseline errors are eliminated and the

results are more reproducible.

Correlations. Figure 8 shows the surface-detonated Mk 82 bomb pressure
level data from Top Point and Crisfield plotted against the weather parameter
B. These stations are 25 km from ground zero on two azimuthal directions 45.

~ degrees apart. This comprises the largest set of unscaled data in this test

series. A linear trend is noticeable despite the amount of scatter. The upper
line in Figure 8 was ¥it to the data as a practical upper bound. It represents
the maximum expected overpressure level for given weather conditions. A practi-
cal minimum expected overpressure level 1ine which bounded the bulk of the data
was chosen to be 19 dB below the maximum expected 1ine.

The available ?ressure level data from the multi-ton shots 1 0? 11' 12 1isted
in Table 2 were scaled to Mk 82 bombs at 25 km at sea level (102 kPa). The
resulting values are plotted as x's in Figure 9 along with the Mk 82 data from
Figure 8. The scaling laws relating a reference level (subscript o) and a level
at altitude (subscript z) are:

p z \1/3
Po =Pz | 4f—) and 2 =) - (3)

where p is the instantaneous overpressure, P is the ambient pressure, A equals
R/w1/3, R is the distance from the explosion, and W is the TNT equivalent weight

of the explosive, Assuming a power decay law of the form p= const/A“, the
scaled overpressures become

P P\I-% W o/3 R, \* ‘
-0 = [0} 3 9 ( 4
267 @) (%) @

where o = 1.4 was used. This value for a makes the scaled muiti-ton data fit
best with the Mk 82 data. For example, using a value of 1,2 for a would raise
the x's in Figure 9 by an average of 3 to 4 dB.

The maximum and minimum lines from Figure 8 are also drawn on Figure 9 and
do a respectable job of containing the bulk of the multi-ton data points. The
median expected overpressure line is 6.5 dB below the maximum expected line, as
is shown in Figure 9. Therefore, because of normal weather fluctuations, half
of the data in a series of shots is expected to 1ie above the median curve and

IOReed. J. W., "Project MIDDLE GUST Blast Predictions and Microbarograph
Measurements", Proceedings of the MIXED COMPANY/MIDDLE GUST Results Meeting
13-15 March 1973, Vol 1, DNA 3151P1, 1 May 1973

]1Reed, J. W., "DICE THROW Off-site klast Predictions and Measurements",
Proceedings of the DICE THROW Symposium 21-23 June 1977, DNA 4377P-2, Jul 1977

12Reed, J. W,, "Long Range Predictions and Measurements, MISERS BLUFF, Phase
I1", Vroceedings of the MISERS BLUFF Phase IT Results Symposium 27-29 March
1979, Vol. I, POR 7013-1, 26 Sep 1979
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the other half below. Since (it will be shown later) the distribution of

data points above the median line is different from that below the median line,

%he average expected overpressure line 1ies 2.2 dB below the median expected
ine,

Figure 10 shows the lines of Figure 9 scaled from 25 km to 9.0 km
(+12.4 dB) and superimposed on the Deal Island Mk 82 data. These lines repre-
sent the trend of the data reasonably well despite the greater scatter in the
Deal Island data.

Figure 11 shows a lognormal plot of the differences of the Mk 82 bomb data
in Figures 9 and 10 from the maximum expected lines. From this figure it is
seen that the median (50 percent) line lies 6.5 dB below the maximum expected
line. It is also apparent that the distribution of data above the median line
is different from that below the median 1ine. Why this should occur has not
been investigated.

Figure 12 shows the lines of Figure 9 scaled from 25 km to 12 km and from
110 kg to 4.1 kg (-4.3 dB). The dots (+) represent the unscaled Deal Island
pressure level data from 5" Naval gun shells detonating at impact on Bloodsworth
Island. The x's represent the Top Point shell explosion data scaled from 28
km to 12 km (+10 dB). Each vertical bar connects the maximum, median, and
minimum overpressure levels from a series of 5" shells closely spaced in time.
The lines bracket the data and represent the trend quite well. The single
disagreeing set of data occurred on a very blustery day; the actual atmospheric
conditions had probably changed drastically from the time the sound speed
profile had been measured.

Some difficulty was experienced in determining an acceptable equivalent
weight for the muzzle blast of 5"/38 caliber and 5"/54 caliber Naval guns. A
value can be derived from the Deal Island and Top Point muzzie blast data
plotted on Figure 13. The dots (-) represent the unscaled Deal Island muzzle
blast data measured at a distance of 21 km from a typical ship position. The
x's represent the corresponding Top Point data scaled from 37 km to 21 km
(+7 dB). Each vertical bar connects the maximum, median, and minimum over-
pressure levels from a series of 5" gun firings closely spaced in time. Then
a set of lines of the "correct" slope were selected which resulted in a practical
upper bound for the muzzle blast data. Note how well they bracket the data
and represent the trend. By scaling these lirnes back to those in Figure 9, a
vaiue of 30 kg TNT was found to represent the muzzle blast assuming a nominal
ship standoff of 21 km from the Deal Island monitoring station, Both Deal
Island and Top Point are situated within 10 or 15 degrees from most possible
direct 1ines of fire from the ships. Muzzle blast is a strongly directional
phenomenon, but the value of 30 kg TNT can be used as a practical upper bound
for the muzzle blast from typical Naval 5" gunfire on the Bloodsworth Island
range.

~

Scaling Considerations. Eventually someone is going to ask why the sound
speed profile is never scaled. The general scaling rules do indicate that the

parameter 8 should be a function of(%%; X w‘/3). If B were made dependent on

the explosive weight W, the multi-tbn data in Figure 9 would be pinned beyond
B = ¥ 80 degrees. This is not the natural (statistically normal) distribution
that should be expected from the multi-ton data. Indeed, the multi-ton data
looks very well-distributed as it appears in Figure 2. There has been no time
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to pursue this question adequately, but the method as presented in this paper
appears to be consistent when the explosive weight and distances are scaled,

but not the sound speed profile.

Focal Point Approximation. Many different approaches were tried in the
attempt to Tind a correlation between the weather data and the pressure level
data, While working with the ray tracing equations in Reference 9, an approxi-
mation was found which greatly simplifies the determination of focal points,
i.e., locations on the ground surface at which sound rays are concentrated by
the lens effect of the atmosphere. The standard ray tracing methods locate
focal points either by gigding regions where an unusually large number of ray
paths touch the ground ©,7 or by finding places where the rays' touchdown points
decrease in distance from the source and then begin fg increase as the rays'

initial angles of departure are gradually increased. Both of these methods
require that a large number of ray paths be calculated in order to ensure that

no focal point is missed. With. the new approximation, focal points are calcu-
lated in a straightforward manner and only one ray path calculation is required
for each possible focal point. The approximation is discussed in detail in
Appendix A, It is mentioned in this paper because it is a result of the
investigation being reported and in order to make it available to those who
might find it useful.

Discussion. Any attempts to correlate the pressure level data with the
fine details of the sound speed profiles are destined to fail because of wind
fluctuations. To make matters worse for this particular investigation, the
weather data was taken only once every four hours and 34 km away across the
Chesapeake Bay from ground zero. In addition the locations of the ships, shell
hits, and bomb hits are not precisely known. In spite of all the above, this
section demonstrates that a correlation apparently does exist between the over-
pressure level_and weather data for explosive charge weights ranging from 4.1
kg to 4.5 x 105 kg. This correlation must be related to some fundamental
large-scale phenomenon which controls the long range airblast propagation.
Otherwise any trend would have been masked by all of the above problems. The
data scatter certainly prevented the derivation of too elaborate a prediction
method, but the one reported below is believed to be realistic and should give
useful results, especially for the Bloodsworth Island area.

THE NEW PREDICTION METHOD

The correlation discussed in the previous section quantitatively relates
the fol]awing four parameters: W, the surface-detonated TNT equivalent explosive
weight; R, the distance from the explosive to the point of interest; p, one-half
the peak-to-peak pressure difference in the instantaneous overpressure signature
at the point of interest; and B, the weather parameter which represents focusing
conditions between the explosion source and the point of interest., This means
that if any three of these parameters are known, the fourth can be solved for.

TBPollet, D. A., "Sound Intensity Prediction System for the Island of Kahoolawe;
Program Maintenance Manual" NSWC/DL TR-3786, Mar 1978
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in this section a method will be given to determine p when W, R, and B are
nown. (

To determine the weather parameter B, first generate the sound speed versus
altitude profile alon? the azimuth of interest using Equation 1. Then for each
altitude level, calculate tan n = Av/Az as indicated in Figure 7. For altitudes
below 0.3 km, calculate tan n = Av/0.3 km, Finally calculate B using Equation 2
and the maximum value of tan n.

R Figures 8 and 9 show that the maximum expected overpressure level

Pmax ™ 111.3 + 8/6 decibels for W = 110 kg, R = 25 km, ard ambient pressure
Po = 102 kPa. Using Equation 4 with o = 1.4 to scale these conditions, the
maximum expected overpressure level ppax in decibels is given by

Prax = 111.3 + 8/6

0.533 0.467 1.4
+ 20 logyq [( Pﬁa ) ( W : ) (25 km) ] (5a)

where ﬁm;xmaximum expected overpressure level (dB)

B = Weather parameter (deg)
Po = Ambient pressure (kPa)
W = Explosive weight (kg), TNT equivalent surface detonation

R = Distance from explosion (km)

The median expected overpressure level is ubtained by subtracting 6.5 dB
from Equation 5. For the average expected overpressure level, subtract 8.7 dB
from Equation 5. For an airburst, subtract 2.8 dB from Equation 5 (surface
reflection factor of 2).

It is recommended that the maximum expected overpressufe level Ppax be
kept less than 130 dB,

CONCLUSIONS

The measured ground motion does not contribute significantly to possible
damage in the communities near the Bloodsworth Island target range. The peak
overpressure level is believed to be the principal parameter related to damage

and should be held below 130 dB.

The overpressure prediction method described in this paper has substantial
advantages over other methods:

- Overpressure levels can be predicted if the explosive weight is
known; or the maximum allowable charge weight can be determined
for a 1imiting overpressure level.
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The expected variation of the actual overpressure levels from the
predicted levels is known. -

Negative gradient sound speed profiles (no velocity greater than that
at ground level) are processed in the same straightforward manner,
Other methods cannot quantitatively evaluate negative gradient profiles.

A single positive gradient at ground level will automatically be
detected and evaluated. Ray tracing methods will not calculate focal
points for single positive gradients.

The new method is insensitive to the details of the sound speed profile.

- The calculational procedure is simple.

- The new method should be adaptable to other explosion operations and
ranges.

The new prediction method is based on long range overpressure measurements

where R/w]/3 > 1900 m/kg“3 and where the peak positive and negative overpressures
are approximately equal. The minimum scaled distance at which this method is
still valid has not been determined.

This paper has attempted to demonstrate that it is possible to easily and
more reliably quantify the focusing effects of a wider variety of weather condi-
tions than has previously been possible. The new method should provide
meaningful predictions for the long range overpressure levels to be expected
under given weather conditions.
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Station

TABLE 1

Monitoring Stations

Mk 82 Bombs

Distance*/Azimuth*+*

5" Gunfire

Distance¥*/Azimuth**

Record
Types

Bishops Head 9.1 km/10° 6.1 km/40° peak pressure
Deal Island 9.0 km/80° 12 km/100° pressure history
ground motion
Top Point 25 km/90° 28 km/95° pressure history
, ground motion
Fairmount 23 km/100° 27 km/105° peak pressure
Kingston 29 km/105° 33 km/110° pressure history
Crisfield 25 km/135° 30 km/135° pressure history
3 ground notion
? * Distance from expected impact area.
|
: ** Azimuth angle clockwise from true North.
{
!
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TABLE 2

Multi-ton Shots

MIDDLE GUST B

MIDDLE GUST C
PRE-DICE THROW I
PRE-DICE THROW II
DICE THROW
MISERS BLUFF I

MISERS BLUFF II
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100 Ton TNT

100 Ton TNT
100 Ton TNT
120 Ton ANFO
600 Ton ANFO
120 Ton ANFO

720 Ton ANFO
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TOP POINT STATION

OVERPRESSURE RECORD FOURIER SPECTRUM

15 1.24
< . £ /]
R /\m L . a /
g 0 VMV l\ JVI:‘P"W s
B 2 AN
° 15 . TV AN
0 1 2 0 31.26 62.5
TIME (SEC) FREQUENCY (H2)
TRANSVERSE GROUND MOTION RECORD FOURIER SPECTRUM
0.3 : 1 0.084
& S - n
i i f‘
E o M i /| ,;
! (-]
2 5
; Tt 2 "vﬁ
23 0 bt
0 1 2 0 31.26 62.6
TIME (SEC) FREQUENCY (H2)
RADIAL GROUND MOTION RECORD FOURIER SPECTRUM
: 0.3 - 0.028
]
0
ke Bist
23 o DM Y Wi
0 1 2 0 31.26 825

TIME (SEC) FREQUENCY (Hz)

FIGURE 4. TYPICAL DIGITIZED RECORDS OF MK 82 BOMB EVENTS
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SOUND SPEED PROFILE

ALTITUDE z (km)

GROUND SURFACE

SOUND SPEED v (m/s)

FIGURE 7. DIAGRAM DEFINING TERMS IN EQUATION 2
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APPENDIX A

Vamn

AN APPROXIMATE METHOD FOR DETERMINING FOCAL POINT RANGES

This appendix describes an approximation which greatly simplifies the
determination of focal points (locations on the ground surface at which sound
rays are concen&;atgg bx the lens effect of the atmosphere). The standard ray
tracing methodsh!» Né» 3 require that a large number of ray paths be calculated
in order to ensure that no focal point is missed. With the new approximation,
focal points are calculated in a straightforward manner and only one ray path
calculation is required for each possible focal point,

The sound speed versus altitude profile must first be constructed using
Equation 1 of the text. Figure Al shows the nomenclature convention used in this
appendix: altitude interval "{i" extends from 24 to 2y 4 1 with interval "1"

beginning on the ground surface. The slope K1 is

v -~V
i "4

In ray tracing theory, a sound ray is considered to be travelling in a
particular direction as it leaves the source. Snell's law is assumed to hold over

the entire ray path:

Cs 8 . constant = %m—- (A2)

v max

where 6 is the angle between the ray path direction and the horizontal, v is the
sound speed at the current altitude of the sound ray, and vpax is the sound speed
at the altitude where the ray turns over (cos 6 = 1{ and is aeterminad by the
initial angle and sound speed. Because of Equation A2, the path of a sound ray
uniquely specified by the sound speed profile once the initial angle & is selected.

The range R of a ray path is the distance from the source to that point at
which the ray touches the ground. In this appendix the source gnd §he touchdown
point are assumed to be at the same altitude. It can be shownfZs A3 that the
range for a ray, passing through N complete altitude intervals and turning over in

interval N + ](KNH > 0)15:

A]Cox, E. F., "Far Transmission of Air Blast Wayes", Phys, Fluids 1, 95-101,
Mar-Apr 1958

AzPerkins, B., Jr., Lorrain, P, H,, and Townsend, W, H., "Forecasting the Focus
of Air Blasts due to Meteorological Conditions in the Lower Atmosphere", BRL

Report No. 1118, Oct 1960 : (ﬂj

A3Pol]et, D. A., "Sound Intensity Prediction System for the Island of Kahoolawe;
Program Maintenance Manual”, NSWC/DL TR-3786, Mar 1978
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N
2v 2 v
R = i +
N+ § Rooss; B0y - sine ) ¢ R;“;?“l tan 8y.) (A3)

Using Equation A2 énd noting that
sin 8, = 41 - cos261 - 41 - v,zl Vﬁax ;

Equation A3 can be rewritten:

2v 2 2 2
R = max 41 -V /v2 - JI -V /v
N+1 i - < 1" "max 1+1/ "max
i

i=]
(A4)
. 2 T -2
K1 max N+l

The simplifying approximation is made at this point. (In order to avoid
showing a large amount of algebra, only the directions for the operations to be

gerformed will be given.) Since v is always less than vpay 1n the first N intervals,
he two terms in the Parentheses in Equation A4 can be gxgﬂﬁded in Taylor series.

Collect terms according to descending powers of vpuy- actor of
(v1 - vfﬂ)/v:ax can now be taken out of each term, The remainder for each term {s

a8 summation of the products of various powers of v; and Vigr® Now make the
approximation

Vi~ Vg~V (A5)

where v is the average sound speed in the first N altitude intervals:
N

V- 2 (247 = 2¢) (Vg * vy )22y - 7) (A6)
When this is made, the remainder terms are seen to be the expansion
of -1/2 1 - \72 / vf‘ so that the parentheses term in Equation A4 is simply

2 2 -
(vi-ﬂ - V‘Iyz Vmax YVmax ° " y

Equation A4 thﬁn becomes
2

2
= v .Y Y4 4
RNH § : i+ 1_ * Jvmax TS (A7)
121 Ky Viax = v +1

Using Equations Al and A6, Equation A7 eventually becomes

N

2 (zy,1.2y) ¥ (A8)
N+1=-“1 + 2 v Y
R ] max = "N+l
N+1 - K;l
Vimax - V +1
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There can be situations where the range R first decreases and then increases
as the initial angle of departure & gradually increases. A focal point exists
where the range reverses direction, that is, at a value of R such that

« dR . R
%g d cosb dv - 0 (A9)

max

where use has Been made of Equation A2. When Equation A9 is applied. to Equation A8,
the condition for a focal point becomes:

n1 " 32) v - 1 (A10)
0=
(Vi = ¥°) ¢ KN+1Jvmax - v?i:l

X is the unknown quantity to be solved for. The focal point is determined
specified by Equation A10 is substituted into Equation A8,

where Vma

when the Vmax

Equation A10 can be transformed into & cubic equation for Vmax by squaring

the two terms on opposite sides of the equal sign. This means that only half of
the three cubic solutions will be physically meaningful. It can be shown that if

2 =2 2 '
ve =2 Ve -y
i = L max = v°) — and cos ¢ = Y2L & NH) (A11)
KN+1( N+l " 21)" '<~+1(’N+1"1)"
then the cubic equation is:
0=x3.x .2 ¢€0s¢ (A12)
\’27
A4

This equation is in the desired form for standard cubic solution techniques.
The physical solutions are: 1/3

1 (cos¢+{cvosz¢-1 )
1/3

. Vi

+ ]3— cos ¢ -Jcosftb -1
2 .
X = £ cos (¢/3) , for |cos ¢ |<i Al4

There is no real solution for cos ¢ < -1, This is a non-physical restriction
since focal points can exist for cos ¢ < -1. This problem will be addressed again
below. When a cubic solution exists, the focal range is given by:

» for cos ¢ >1 (A13)

A‘beyer, W. H., editor, CRC Handbook of Mathematical Sciences, 5th edition, CRC
Press, Inc., 1978
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R = 4
Focal “KN + 2 \[x_-

This value for the focal range was obtained with the assumption that there was no
upper bound on the altitude interval N + 1, Therefore, the existence of the cal-
culated focal range must be checked by performing a standard ray path calculation
using the initial angle of departure O specified by Vmax * Vn+2° If the range for

this ray is greater than or equal to the calculated focal range, then this focal
point does physically exist; otherwise not. This checking procedure implies that
the focal point calculation need be made only for those situations where Y is

greater than all sound speeds at lower altitudes. This means that any sound speed
profile needs to be evaluated only once from the ground up, with the average vel-
ocity v being continuously updated and a focal range calculation made only when a
new maximum velocity is found.

The focal range given by Equation A15 is always less than or equal to the
focal range obtained by an exact ray path search. Comparisons for a number of
simple profiles showed that the approximate focal ranges were generally within a
few percent of the "exact" focal ranges. The relative errors tended to be less for
the shorter focal ranges.

It was mentioned earlier that when cos ¢ < -1 in Equation A11, there was no
real cubic solution even when physical focal points did exist. To obtain solutions
in this region, use the following set of equations:

2 2
we (V- vy) = 2 cos ¢ (A16)
Kt (yn-2) ¥ T
Reocus = A\ﬁzNﬂ )V (1 +w)/8 (A17)
K+

This set is related to a derivation in which the average sound speed v was defined
slightly differently than in Equation A6 so that the equation corresponding to
Equation A12 was quadratic instead of cubic. The quadratic formulation is somewhat
less accurate than the cubic formulation, especially for large focal ranges.

Figure A2 compares these two formulations. It is recommended that the cubic focal
point ca&culation be used for cos ¢ >0, and the guadratic calculation for

cos ¢ < 0.
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To be presented at the 19th DOD Explosive Safety Seminar,
Los Angeles, CA, September 9-11, 1980.

SAND 80-1880C

PROJECT PROPA~GATOR--~INTERMEDIATE RANGE EXPLGSION

AIRBLAST PROPAGATION MEASUREMENTS*

Jack W. Reed
Sandia National Laboratories
Albugquerque, NM 87185

ABSTRACT

Several hundred explosions of flaked TNT, ranging in
charge weight from 2.3 kg to 1145 kg were fired at the NASA
Kennedy Space Center, Florida, in March and June, 1979.
Comprehensive meteorological measurements were made by
e rawinsonde balloons and on a nearby 150 m tower, including
it winds, turbulence, temperatures, and humidity. A cruciform
array of airblast gages was operated, with gages at 200 m,
500 m, 1 km, 2 km, and 5 km ranges from the explosions. For
some events as many as six microbarographs were operated at
; distances to 25 km. Airblast results have been correlated
g ' against refractive atmospheric conditions, establishing a

‘ functional relationship between overpressure decay with
digtance and the sound velocity gradient with height.

*This work was jointly supported by DOD, DOE, and NASA.
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INTRODUCTION

Project PROPA-GATOR tests were designed to refine predic- e
tions of atmospheric refraction effects on propagation of
explosion airblast waves, (1]  The first phase was conducted
on the NASA Kennedy Space Center (KSC), Florida (see Fig. 1),
in collaboration with the USAF Eastern Space and Missile Center
(ESMC), in March and June of 1979, over relatively flat terrain
and near a 150 m meteorolbgical towerlz]. The gcal was to
determine the correlation between enhancement or attenuation
of airblast overpressures as a function of the boundary layer
sound velocity versus height gradient or inversion with ray
propagations as sketched in Fig. 2. Classic ray trace models
yield the discontinuous amplification result shown in Fig. 3.

Previous measurements had not established a good correla- {
tion between peragated amplitudes and the strength of the (i
E% vertical gradient of atmospheric sound velocity. Gradient |
strength is defined, for dimension scales of this project, as
the maximum increase (inversion) or decrease (gradient) of
directed sound velocity, from the surface value, observed in
the atmospheric boundary layer. Two rules-qf-thumb had been
developed over the years of atmospheric nuciéar testing to
treat these propagations. First, inversions could double or
triple propagated overpressures and amplitudes at intermediate é
to long ranges (31, Second, for strong gradient propagation, in ;

the overpressure-distance decay proportionality, Ap ~ R-a, an
»

exponent of a=2 was frequently found,[4] whereas the standard
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spherical explosion (5] follows awl.]l at moderate to low
overpressures, and infinitesimal amplitude acoustic decay
should follow a=1.0.

It is planned to perform a aimilgr test series over rough
terrain at the USAP Western Space and Missile Center (WSMC),
Vandenberg AFB, California, in the Spring of 1981, to determine
the shadowing effects of mountains and the focusing effects of
the usual California coastal temperatdre inversion and westerly
wind.

This report will review the ESMC tests, results, and tenta-

tive conclusions that have been reached to date.

AIRbBLAST MEASUREMENTS

Recordings of airblast pressure versus time signatures
were made at five distances (200 m, 500 m, 1 km, 2 km, and 5
km) from three éxplosion yields (2.3 kg, 45 kg, and 1145 kg)
at various yield-scaled (proportional to the cube root of
yield) heights-of~burst (HOB). Pressure gages were placed in
a cruciform array with lines directed approximately north,
east, south, and west, as shown in Figure 1. Winds were
expected to cause differing propagations along the four gage
lines for each shot.

Pressure sensors were Statham 2A3, Dynesco DPT—BS, and
Pace P7D variable-reluctance transducers, with set ranges of
200 Pa to 17 kPa, depending‘on location., Each station was

equipped with two or three sensors of different set ranges to
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* (21645 = 219.5 MHz) radio telemetry (TM) to a central recording

bracket the expected range of signal amplitudes from the vari-
ous explosion yields and weather conditions. Sensor signals

were transmitted by S-Band (2204.5 - 2288.5 MHz) and P-Band

trailer located 900 m from the shot area., All sensors were
mounted 1 m above ground level, with entry ports facing down
to give aide-on ground-reflected pressures. It had previously
been established by comparison tests that ground level flush-

mounted ports were not required for the signal pressure and

frequency ranges being measured.

Analog recordings were made on l4-track magnetic tape by

e e

Ampex 2230 recorders operated at 30 ips (0.76 n/s). An IRIG-B 4
time signal and a shot-time zero indicator were entered on

each tape.

EXPLOSION SOURCES

From four to seven shots, of various yields and HOBs,
were fired at about ten second intervals to form a shot series
("hour"). Three or four series were fired at two to three hour
intervals on each of seven shot days in the March (winter)

tests, and six days in the June (summer) tests. Flaked TNT

from USAF outdated surplus stocks was ugsed for all explosions.

WEATHER MEASUREMENTS

Teletyped reports of tower weather data were recorded for
several levels on Tower T-313 every five minutes during opera-
tions. Temperature was measured at 6 levels, dewpoint tempera-

ture at 4 levels, and wind vector at 7 levels. A rawinsonde
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balloon ascension was made for each shot hour to give wind,
temperature and humidity data at higher altitudes, at about

300 m intervals.

DATA REDUCTION

* The volume of data collected, over 15,000 pressure signa-
tures from winter and summer KSC phases, dictated computer pro-
cessing, ‘The first stage was to digitize all analog magnetic
tape records at 1 ms intervals at the RCA TEL-4 station on
KSC. Time windows were then estimated for the arrival time for
each signal from shot times, shot and gage positions, and atmos=-
pheric sound velocity calculations. Excerpts of all digital
records were extracted for each signal window on the Cape
Canaveral Air Force Station {CCAKFS) computer. Condensed record
tapes, containing only the signal windows, have been used for
analysis at Sandia.

Editing these records for extraneous noises was slow and
tedious., It was found tnat low signal-to-noise problems with
weak signals could he well resolved by smoothing over 2 ms
intervals. Occasional spikes of electrical noise required
hand-edited removal. About 3% of attempte@ recordings were
lost through gage malfunction, and another 1% from errors in

time window selection during the excerpting process.

RESULTS
The standard explosion overpressure-distance curve[sl was

scaled for yield and adjusted for HOB to allow calculation of
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standard (unrefracted propagation) overpressure and peak-to-
peak amplitude for each gaged signal. Measured amplitudes were
divided by standard amplitudes to give a "propagation factor"
for each signal. An example shown in Figure 4 attempts a
three~-dimensional depiction of the observed propagation factor
(linear scale) versus distance (logarithmic scale) for the
four gage-line directions, for one 45 kg shot at 7 m HOB., In
this instance, propagation was strongly attenuated in north
and west directions, to about 10% of standard amplitude at 5
km range. There was 140% enhancement at 5 km east, and 180%
enhancement at 5 km south.

Sound velocity~height structures toward the four gage-
line directions for this example are shown in Figure 5.
Dashed vertical lines are referenced to sound velocities at’
the low anemometer height (3.7 m). There is a strong sound
velocity-height gradient for north and west directions, which
explains the strong attenuation that was observed. Sound
velocity inversions for east and south caused enhanced propa-
gations in those directions.

The relationship between atmospheric gradient (or inver-
sion) and propagated amplitude was quantified by an RMS line
through the data scatter, as shown in Figure 6. In this
example, data collected near the yield-scaled distance of
400 m from a free-air burst of 1 kg HE show increasing
(decreasing) amplitudes with increasing sound velocity inver-

sion (gradient) strength, as expected. The unexpected result
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was that there appeared to be no atrong corrslation with the
thickness or depth of the propagating layer. Similar scatter
diagrams and RMS lines were constructed for 1 kg HE scaled
distances of 40 m, 100 m, 200 m, and 1 km. Results have bean
assembled in transformed coordinates, as shown in Figure 7, to
show the different overpressure-distance curves that may bhe
expaected (along with statistical scatter indicators) with
various gradient and inversion atrengths, for conditions of
clearly indicated gradients or inversions.

When sound velocity changes little with height (near
zero strength inversion or gradient), there is considerable
uncertainty about propagation. Small but complex variations
in wind and temperature may cause ducting and even focusing
for some directions or gages. Figure 8 shows that the greatest
scatter was observed when such complex weather conditions were
encountered., These results have resisted explanation by either
ray tracing or correlation with atmospheric structural details.
With only one or twe meter per second variations of sound
velocity with height, distant propagation may be as strong as

with the strongest inversions.

DISCUSSION

There were some inconsistent indications that HOB effects
and Mach-stem formations (8] were influenced by local winds or
gsound velocity structures. A similar inference had been drawn

earlier from an NSWC explosion test at Dahlgren NAS, va. [7]
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HOB effects were clouded at ESMC by other factors in the analy-
ses performed so far.

In general, source strengths appeared weaker than expected
as observed by the clogest gages. A few individual gages
were apparently biased by as much as 30% as judged by compari-
sons made between different gages in a canister. Final
readings used empirical corrective adjustments that forced
averaged readings from each gage in a canister into agreement
and also forced canister averages to fall on a smooth pressure-
distance curve,

It appears that the flaked TNT gave smaller airblast than
could be expected from cast TNT. A yield correction factor
of 0.89 was derived from winter test results from 1145 kg
HE shots. Results have been adjusted accordingly, but an
even smaller f;ctor may be warranted according to the sgparse
literature that has been found on this subject.

Finally, the soft sand ground and palmetto brush cover
on the snake- and alligator-infested terrain (adjacent to the
Cape Canaveral National Seashore Wildlife Refuge) appears to
have absorbed an appreciable amount of airblast energy, even
clogse-in during Mach-stem formations. Tests at WSMC over
harder ground should elucidate these interrelated yield and
reflection factor problems. It should then be possible to
re-analyze ESMC data, and re-evaluate HOB influences, to
determine whether or not local weather did indeed modify Mach

wave formation. Results of that process may well necessitate
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a completely revised analysis for weather dependence, if the
source strength was indeed different for each gage line because

of wind effecta. There should not, however, be more than 20%

or 30% adjustments, so that present results are still much more
precise than previous predictions for intermediate and long §
raggc propagation amplitudes.

The inability to explain amplificationa that resulted from |
near standard conditions was similar to the experience of the
Blast Unit Research Project (BURP) tests in Nevada in 1960, (8]

In BURP, caustic pressures were recorded near 60 km range;

they were caused by jet stream winds near 6 km to 10 km alti-
tudes; results did not show a strong, reliable correlation
between ray path patterns and recorded airblast amplitudes.
It was hoped by some that the smaller distances involved in
PROPA-GATOR and the more proximate and more detailed weather

observations would reduce the unexplained variance. It appeared,

| however, that the smaller dimension field was significantly
affected by smaller scale weather perturbations, so that the

scatter factor remained large.

FUTURE TEST PLANS

Current plans are for similar series of explosion tests
at WSMC, beginning in March, 1981. Observed propagations over
rough terrain from two firing sites will be compared to predic-
tions for flat terrain propagations under similar sound velocity
structures. This should show whethér or not mountain barriers ;
indeed cast significant acoustic shadowé. There are arguments

both ways, for inversion as well as gradient conditions.
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In addition, extra instrumentation will be fielded
in a further attempt to document caustics from atmospheric (
airblast focusing, Both the boundary layer temperature
inve;sion and prevailing on-gshore winds, typical of coastal
southern California, favor complex propagation conditions
toward several communities inland from WSMC. Ray path
calculations have shown‘a climatological concentration of
caustics about 25 km east from a shot point. Two dense
radial gage lines will be operated in that area to collect
amplitude statistics that will be used in a further attempt
to correlate acoustic characteristics with atmospheric

structural details.

CONCLUSIONS

Airblast propagation measurements were made at Kennedy

Space Center, Florida, with nearby tower weather data. These

have allowed development of a set of weather-dependent
overpressure-distance curves with statistical error factors
for flat terrain that extend to a yield-scalable distance of

1l km from 1 kg HE free air burst. These curves vary with

the amount of increase or decrease in directed sound velocity
with height, in well-defined inversion or gradient conditions.
This quantification is a significant refinement from previous
prediction methodology. Earlier systems simply showed possi-
ble ranges for propagations under either typical gradient or

typical inversion conditions.
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Nevertheless, in borderline or complex cases of sound
velocity versus height structure, there is considerable
uncertainty about whether propagation will be strongly
enhanced or attenuated, '

Further refined analyses may be possible from this
extensive data collection, once a) the source strength has
been better established for flaked TNT, b) the ground reflec-
tion factor for palmetto brush and soft sand has been deter~
mined, and c¢) the local wind influence on Mach-stem HOB
effects has been resolved.

Further explosion tests are planned for 1981 at
Vandenberg AFB, to a) help resolve aforementioned problems
with a hard-ground firing site, b) measure the shadowing
effects of mountainous terrain, and c) make extensive obser-
vations of airblast amplitudes near areas where atmospheric

acoustic focusing is expected.
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Introduction

Over the last twenty years, chemical munition disposal methods have (\
evolved from burn pits to sea dumping and in recent years to industrial
incineration and chemical neutralization. This evolution was brought about
by increased concern for man and his environment. Continued development of
chemical demilitarization technology allows increased safety through more
reliable equipment and more sensitive agent d;tection and alarm systems,

Chemical munition and agent disposal projects currently in operation
or under development are:

© incapacitating agent BZ disposal,

0 phosgene sale for commercial use,

0 & mobile Drill and Transfer System (DATS),

o Chemical Agent Identification (ID) Sets disposal, and

o a prototype Chemical Agent Munitions Disposal System (CAMDS). Dis-
posal of chemicael munitions encompasses demilitarization of the chemical ag;nt
and its container., As a rule, the contalner is burned in a furnace and the
agent itself is either incinerated or chemically neutralized.

The pllot plant for possible future disposal of chemical munition stocks
is the CAMDS. TIts purpose is to demonstrate new technology and new equipment
for the safe disposal of lethal chemical munitions. CAMDS is located at
Tooele Army Depot, Tooele, Utah, approximately 60 miles southwest of Salt
Lake City. The U. S. Army Toxic and Hazardous Materials Agency (USATHAMA),
Aberdeen Proving Ground, Maryland, is responsible for the centralized manage~
ment and direction of the Army's program for demilitarization of toxic and
hazardous materials. Thus, CAMDS has ﬁeen designed, built, and operated
under their purview.

The disposel process begins by separating the chemical agent from (:

the munition. The agent is then pumped to a separate building for
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detoxification; explosively configured munitions are sectioned and conveyed
to a furnace vhere the explosives, propellants and any residual agent are
burned off, Nonexplosively configured munitions are incinerated to burn off
any residual agent.

The facility is designed to detoxify three different chemical agents -
but, for safety reasons, only one agent will be allowed in the plant at any

one time.

Description of the Agents

Two of the agenta to be processed are the lethal nerve agents GB and VX.
These agents upset the natural balance between the sympathetic and para-
sympathetic nervous systems. Casualties result from inhalation of vapors or
contact of the liquid on the skin or eyes - either route results in death
within several minutes after the fatal dosage is absorbed.

The third agent is a casualty-producing egent called mustard (HD). This
agent acts first as a cell irritant and finally as a cell poison on all tissue
surfaces contacted. In high doses, it is lethal through skin contact and
inhalation; in smaller doses, it is dissbling because of blistering and
ulceration of exposed tissues.

Table 1 provides some information on the agents.

Processes for Detoxification
A1l of the neutralization methods employed at CAMDS are basically batch

operations. These systems have safety interlocks built-in to prevent possible

procedural errors.
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Mustard agent will be boiled out of its container and burned in a
multi-chamber, semi-continuous hearth furnace. The temperature will be con-
trolled between 600°F to 1200°F relative to the rate of volatilization and
type of munition. The volatilized agent is then incinerated in an afterburner
at 1600°F and the resultant products are passed to a scrubhber system. The

wie incineration reaction of mustard with oxygen in sir is 1,2

.

(ClCH20H2)2 8 + 6.5 o2 — hco2 + SO. + 2HC1L + 3H20

2

Approximately 5 million 1lbs of mustard has been destroyed by incineration at
Rocky Mountain Arsenal in Denver, Colorado.

Nerve agent VX will be destroyed by chlorinolysis in aqueous hydrochioric

‘ acid and the resulting acidic solution is then neutralized with sodium hydrox- !
ide. The reactor will be controlled to approximately 200°F with cooling water.

After the temperature has peaked it will be maintained for 30 minutes to ensure

complete detoxification. The acid chlorinclysis reaction is >
0
! HC1
CH, T CH2CH2N(iC3H7)2 + 301, + tho
002H5
0
H
CH3 -P~-0H + HOBSCHZCHzN(iCBH7)2 + 6HC1

|
002H5
A portion of the acidic solution will be recycled and mixed with fresh acid

for the next reaction. Experience to date with the acid chlorinolysis

process has been limited to pilot scale gquantities.
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Nerve agent GB is the only agent to be processed at CAMDS to date. GB

is reacted with 18% caustic under controlled feed and temperature conditions.
6

The major reaction is

i i

CH3 =P -F + 2NaOH cemed CH3 - P -~ ONa + NaF + H20
| |
003H7 0031{7

Figure 1 is a flow diagranm for the GB - caustic reaction. 3600 lbs of
GB and 12,100 1bs of 18% caustic are pumped into their respective batch tanks.
A heel of caustic is added to the reactor and then the GB and the remainder
of caustic are gravity fed simultaneously into the reactor until the batch
tanks sre empty. A cap of 6500 lbs of caustic is then added to ensure at
least a flve percent excess of caustic after the primary and secondary
reactions are complete. The reactant addition, reaction, and agitation steps
take approximétely two hours to complete.T A sample of the resulting brine
is analyzed by gas chromatography (GC) for a level of 2.0 nanograms/ml
(1.7 ppb) or less of GB and at least 5% excess caustic. After the Quality
Control Branch provides a certification that the brine is free of GB, the
brine is pumped into a storage teank. A little over 9 million 1lbs of GB was

destroyed by similar means at Rocky Mountain Argenal.

Bulk Reduction
Certified process waste brines with a low solids content are cycled

through an evaporator and are eventually pumped over to two parallel steam
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heated, twin drum dryers. The solids discharged from the'diyers are sampled,

certified agent free and packaged into plastic 1ined fiSer drumé which are o \,<
then stored in warehouses. Tne salis generated at CAMDS have beun classified
by the Department of Transportation as a corrogsive (less than class B\poison).
It is estimated that 103C tons of salis will be generated &u?ing the seven
year planned life of CAMDS. Unfortunétely, no economically‘Qiablé'market is"
available for the galt or its individual compqnents.\;Current,plansvare to  .
dispose of the salts in s scientifio landfill. However, review oflothervﬂ
options for utilization of the material will continue to be conducted Ly

USATHAMA .

Environmental Protection
Disposal processes are designed so that they will not have a significant

impact on the environment. All of the water used in CAMDS process operations,

e

as well as that produced as by-products Qf the process chemicel reactions,
is eventually discharged tc the atmosphere in vapor form from the stacks of
the drum dryers and the evaporator. Prior to the solutions being eVaporéted,
however, the process streamns will be detorified with sodium carbonate or
caustic, analyzed by GC methods, and certified agent free. A small amount
of water from the site boller system and cooling tower will be discharged to
a drain a&stem. Since this water doea not come into contact with any process
streams, it has no opportunity to become contaminated with toxic agents.

All solids are chemically decontaminated to an acceptable level (3X)

before removal from a contaminated environment. Any scrap materisl that is

T
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to be released from government control, or any salvageable material, will

be further decontaminated by heat treatment (tc 5X) if it has been exposed to
any agent or explosive. A typical example would be the CB filled rockets
currently being processed:

After draining the agent and cutting the rocket into seven pleces,
they are conveyed to an oll fired rotary retort furnace.

In the retort, all energetic meterial and residual agent is burned
oft, The pieces have a residence time of 12 minutes at an average temperature
of 950°F. The scrap is then deposited onto a steel belt conveyor.

It is then conveyed through an electrically heated furnace to
ensure decomposition of any trace amount of agent. Here, the scrap has a

residence time of 30 minutes at lOOOoF.

The scrap is then discharged onto a conveyor where it is cooled and 4
dumped into contailners, sampled, certified free of agent and explosive, and

readied for movement off site.

All gases generated in, or passing through, process areas are filtered ;
or scrubbed depending on their origin., Toxic areas where there is a high ?
probability of agent contamination undergo twenty-five air changes per hour. ; 4
Exhaust air is drawn through charcoal filters (adopted from the nuclear hg

industry); input air is provided so that all toxic areas are under negetive

pressure with respect to surrounding "clean'" areas ventilated at six air

changes per hour. The filter train consists of prefilters, high efficiency

particulate air (HEPA) filters, activated charcoal filters, a second bank of
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charcoal filters, and a second bank 3f HEPA filters., The blowers.are equipped
with either adjustable outlet dampers or inlet vanes which will maintain a
relatively constant air flow. Each filter bank is provided with gauges to
indicate pressure drop across the filters. Sampling pcrts are provided
between the banks of charcoal and in the exhaust stack for continuous moni-
toring for agent penetration.

The air pollution control systems on the furnaces are designed to clean
the flue gases of particulate and chemical pollutants to meet all federal,
state and local source air quality stendards. Since the systems on the two
furnaces are basically identical, only one will be described here.

The fiue gases leaving the rotary retort are ducted through a cyclone
collector which removes large particles, especially fiberglass, from the
rocket parts, and through an oll fired slagging afterburner (1600°F, two
seconds) which collects the finer fiberglass particles and destroys toxic
vapors. The gases are then cooled by direct contact brine sprays in the
quench tower, passed into a variable throat venturi scrubber, a packed bed
caustic scrubber and demister to remove the remaining treces of particulate
and chemical by-products from the effluent gas stream.

Toxic agent storage tanks and the process chemlcal storage tanks in the
agent neutralization fecility are vented into a recirculating counterflow-
type packed tower. This caustic scrubbing is to remove any trace quantity
of live agent or chemical before delivery to the charcoal filters ard

eventual releasge to the atmosphere.
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4 Overall, the pollution control eqdipﬁ:nt \-nich includes detection and
9 o analysis equipment) have accounted for approximately 19% of the total CAMDS
system aequigition cost of $53 million or $10 million. The estimated cost to
build another CAMDS is $30 million; of this cost, 30% or $9 million (1980
dollars) would be for pollution control equipment. Operatioﬁally. 30% of

k- the CAMDS workforce can be related to support, operation and maintenance

This represents a yearly operating cost of

A

of pollution control equipment,

$2.2 million (1989 dollars).

Lol A i

Personnel and Process Safety

Safety is, and has been, a key word in the design, construction and

o S e i

operation of CAMDS. Three basic considerations have been to ensure maximum

SPE

agent surety, complete agent and explosive containment and remote or asuto-

mated munition demilitarization. Some examples are:

St e,
s e b

All explosive items are cut into sections or disassembled inside of

This 10 ft by 24.5 £t

ke T

a 2.5 in thick, alr tight, armor plate steel cylinder.

3

-
by

e¢ylinder has been tested o assure that it will contain the agent and muni-

tion fragments in the unlikely event of an explosion. ;

The rotary retort furnace is designed to withstand an explosion. i

L If it fails, & 15 in thick reinforced concrete barrier which surrounds it ;

will contein any fragments.

ig Negative pressure and predetermined area ventilation requirements

agsure agent conteinment. ' -
. h End

§ | 1121
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A special epoxy coating on building surfaces to ensure easy
decontamination in case of a liquid agent spill.

Computer and process interlocks to prevent the inadvertent or in-
correct operation of valves, vents, etc.
| All personnel onsite must have a standard military issue protective
mask and three automatic injectors of nerve agent antidote with them at all
times.

All of the cperations in the CAMDS toxic areas are remotely con-
trolled from & central control module to minimize personnel entries into
toxic areas, adequately control process conditions, and monitor site
activities. |
Computer outputs, closed-circuit television cameras, direct voice communications,
and contrcl panels provide operators with the real-~time status of the process.

Agent detectors and alarms have remote indicators in the control module so

that all personnel on the site can be mesked or evacuated within minutes.

Agent Detectors and Operating Limits

Detector and alarm instrumentation is being employed at CAMDS to verify
compliance with all applicable gaseous stack emission and working area stand-
ards. These ingtruments provide rapid warning of hazardous conditions,
monitor agent concentration levels in toxic process areas and are used to
check protective clothing of personnel leaving toxic areas for adequacy of
decontamination. The emissions and working area standards (Table 2) for the

chemical agents have been set at extremely low levels (nominally in the part

1122
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per trillion range) thus requiring technology development which is pushing

the state-of-the-art in detection and alarm instrumentation.

TABLE 2, MAXIMUM EMISSIONS AND WORKING AREA STANDARDS”
MAXIMUM MAXIMUM CONTROL VALUE
EMISSIONS* FOR_UNMASKED WORKERS*#
GB 62  PPT 17 PPT
VX 2.7 PPT 0.9 PPT
HD 4.6 PPB 0.46 PPB
S0, 500 PPM

% Based on 1 hour sample time.
##* 8 hours per day for an indefinite period averaged over not more than 10

consecutive work periods for GB or 5 consecutive work periods for VX or HD,

The CAMDS agent detectors must perform two primary functions. They must
give immediate warning of hazardous situations and they must measure very low
level concentrations of agents to guard against cumulative effects over an
extended period of time. No single system currently has the ability to ful-
fill both functions satisfactorily. Therefore, several detector/alarm
instruments are employed. These include an M8 alarm with concentrator, the
bubbler adsorption system and the real time monitor.

The M8 alarm system was developed in the early 1970's. It is a portable
automatic alarm for detection of G and V series agents. The reaction of

agent with the reagents in the detector is electro-chemically monitored to

1123
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detect agent. This alarm coupled with a concentrator (which is a column

packed with 300 mg of porapak P chromatographic column material) can detect

agent concentrations in air from 49 ppb to 200 ppt with response times of

1l to 33 minutes respectively. This system iz called a DCAC and is used

primarily in toxic process areas to monitor the presence of agent which
would indicate process upsets.,

The bubbler adsorptlion system 1s used for sampling G, V and mustard
agents. Air is bubbled through a suitable absorbing solution at a known rate
for a known period of time., The absorbing solution is then analyzed in the

laboratory for the agent. With a one hour sampling period, this method of

§
i
F
|

detection has a sensitivity to the parts per trillion level which satisfies

the agent sensitivity requirements for the stacks and working areas. Bubbler

data are maintained to provide a record of agent concentration time wvalues ;

N

in the various CAMDS areas. (
! The Real Time Monitor (RTM) is based on an enzyme colorimeter method

of analysis for the determination of GB and VX. These agents function physio-

[ logically as an enzyme inhibitor. Measured quantities of enzymes and reagents

| are reacted to form a colored specles. The analysis is completed by a
colorimeter that electronically compares the color intensity of the colored
species with a reference. The presence of agent is determined by & reduction

in color intensity caused by the inhibition of the enzymes. The RTM detects

agents at the required sensitivity (concentrations down to 20 ppt) in 9 to

12 minutes and automatically signals their presence with a local indicator

lamp and horn and & remote signal to the control center. All of the electro-
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E nechanical and chemical assemblies of the RTM are housed in & transportable

cabinet, This inatrument is currently undergoing eyxtensive testing at CAMDS

L

to develop reliability dats. Purchase price of this inatrument is currently

Al i ‘ ,

4 $35,000.
There is also under development an Automatic Continuous Air Monitoring

System (ACAMS) which is based on a gas chrometographic method of analysis for

WL

the determination of GB, VX and mustard. Air is sampled through a 1l0cm . 2mm
ID pyrex glass tube containing a Porapak Q or Tenax GC solid sorbent material.
4 After a preset sampling time the sorbent tube is heated and the agent

. collected in the tube is desorbed onto a GC column to a flame photometric

'ﬁ detector. The signal from the GC flame photometric detector is amplified
electronically to a strip chart recorder where the peak is recorded. Each

| peak is quantitated by electronics. If agent concentration during the

e it

{
: sample cycle exceeds a preset level an alarm is sounded. Agent detection

iR

capabilities have been demonstrated to the low part per trillion level with

8 less than 1% minute response time. An additional advantage of this alarm

ot sl

is its specificity for the individusl agents. TField testing of these systems

at CAMDS is scheduled for early 1981, ProJ)ected cost for the unit after

development is $15,000 to $20,000.

B Demilitarization Protective Ensemble

A major new development in protectlive equipment is the Demilitarization

Protective Ensemble (DPE). The DPE wes developed in response to the Surgeon

1125




IR TR I VT TR RS

i hacky it

N TETRSCIY NI P TET ‘,’ﬁ")ﬁﬂ!ﬁi? ?,‘E:ETTSET e Sl I A CEREb L

- . F S

Vi ool

B oo,

General's direction that during industrial demilitarization operations, such
as CAMDS, personnel protective equipment complying with OSHA atandards must
be used. Since no off-the-shelf equipment was available, a program to

develop the DPE was initiated by USATHAMA.

- L
L 47l

The Chemical Systems Lahoratory (CSL) at Aberdeen Proving Ground was

selected to develop and evaluate the DPE, The basic approach was to use a

e

NIOSH-approved, positive pressure, air-supplied respirator system inside a

protective outergarment. This comblnation provides both respiratory and

b Al

percutaneous protection for the wearer.

The DPE consists of three major subsystems

o e b G e

o Respirator/air support (reusable),
o Outergarment (single use, disposable), and
-gg o Communications
j; ILC Corperation, Dover, Delaware, was chosen as the contractor for the !
é% outergarment subsystem. Extensive materials testing was conducted to find
é? the right materisls for the visor, glove, and main body of the outergarment.

j- " The material had to meet the design criteria of being
‘ o resistant to chemical agent penetration (1iquid and vapor),
o easily fabricated to the required conf'iguration,
o relatively inexpensive,
o able to retain protective properties in the presence of operational
fluids within the plant, and
o rugged enough to pass endurance standards.
The meterials chosen as a result of this test were evaluated as to their skin

toxicity and irritancy potential. OQutergarments were then fabricated and a

i
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series of tests were purasued to establish the design and to evaluate lts total

system capability. The DPE outergarment consists of a one-piece disposable

garment of heat-sealed construction which is closed by heat-sealing after

donning. The garment is constructed of chlorinated polyethylene with poly=-

vinyl chloride gloves and & press-polished polyvinyl chloride visor (Figure 2).
The regpirator subsystem development began with a survey of commercially

available breathable air supply systems to determine if any could be used or

adapted for use with the DPE. Mine Safety Appliances Company (MSA) had a

model which could be readily adopted if minor configuration changes were made.

After redesign was completed, MSA submitted the respirator to NIOSH and

subsequently received approval for its use. The respirator consists of a

full facepiece, a pressure-demand regulator, & charcoal filter, an air

distribution system for cooling of the wearer's extremities, and an auxiliary,
self-contained, ten minute air supply for emergency use if the primary air

supply fails, If a failure of the primery air supply occurs, then a warning

light in the facepiece flashes to alert the wearer,
Breathing and cooling air is provided through a chemical agent resistant

rubber hose. Communication cables are attached to the air hose and interface

with the DPE communication system via two pairs of electro-optical transducers.

There is no physical penetration of the suit material except for the alr hose

connector. Impermeable toxicological agent protective boots and gloves are

worn over the outergarment to complete the ensemble.

The total, integrated system was then tested in the following ways:

a

o qualitative tests - manned

human factors evaluation

1127
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iﬁ isoamyl scetate trials (banana oil)

.§ - endurance trials (no agent)

-é‘ o quantitative tests - unmanned
f; ~ static mannequin trials (agent GB)
.EE dynamic (erticulated) mannequin trials (agent GB)

‘ 0 quantitated testis -~ manned

‘5 dynamic pressure trials (no’agent)
;é 10 mg/cu m protection trisls (agent GB)
bi 100 mg/cu m gprotection trials (agent GB)
'g A broad training program wes initiated in the CAMDS facility to familiar-
?; ize the workforce with the item and its associated life support system. After
'Ei review by the Army medical community and the Department of Health and Humen

Sg Services (formerly DHEW), the DPE was approved for use at CAMDS. In its first
%g year of aéent use at CAMDS, over 2000 entrles in toxic areas have been made
{gf without a single case of agent exposure to a DPE wearer.

é' Development costs of the DPE have totaled $6 million; production costs

{ are approximately $100.00 for each outergarment. Further refinements to the

DPE, such as multiple use options and improved communications, are being

N evaluated. An adaptation from our DPE work is being developed by the Coast

Guard. This suit is for field work or emergency use - it is a zipper-sealed

suit with a rebreathing device good for approximately one hour's duration.

» Future R&D
Efforts are ongoing to evaluate and develop process improvements to the

existing CAMDS. These efforts address both short-term improvements to the

1129
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present system and long-term improvements to be incorporated in future
demilitarization plants.

Following an extensive evaluation of potential improvements to the CAMDS
scrubbing and filter systems, two potential scrubbing alternatives were
selected for further testing and development of design parameiers particular
te the CAMDS situation (dual alkali scrubbing and spray dryer scrubbing).

In addition, testing is underway to evaluaste the use of lasers to simplify
existing methods of munition disassembly (e.g., burster removal and agent
cavity puncturing) and munition sectioning prior to further processing in the
deactivation furnace. Also, a method of destruction of VX is being investi-
gated in the laboratory for potential use as a decontaminant and as a possible
alternative to acid chlorinolysis for destruction of bulk VX. Another study
ig underway to investigate the use of an induction heating furnace for
munition decontamination and agent destruction. The adoption of +his process
could greatly reduce the amount of effluent gases requiring treatment in
downstream scrubbing systems as well as offer savings in energy and operations
costs.,

USATHAMA is also conducting studies on possible chemical weapon stockpile

demilitarization options in the event that such a decision becomes & reality.

Summary

The physical and chemical destruction methods developed at CAMDS will be
applied at other locations where there is a need for large-scale demilitariza-

tion of obsolete or unserviceable chemical munitions, Environmental and

1130




safety developments will continue to be applied to present and future disposal
projects. Of course, process and detector/alarm improvements will be studied

to support the overall disposal effort.
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: CHEMICAL AMMUNITION DEMILITARIZATION (
= | . THE DRILL AND TRANSFER SYSTEM (DATS)

I. INTRODUCTION

Since World War I, the United States has conducted extensive develop-
ment programs for the design, test and evaluation of chemical munitions.
While this country has not employed lethal chemical agents in warfare and
is committed not to initiate their use, a number of developed items have
been standardized (type classified) and a deterrent stockpile has been
maintained.

The munitions in the stockpile are held in various secure storage
facilities and are routinely inspected and sampled for deterioration due
to latent defects or adverse effects of prolonged storage. These periodic
surveillance inspections occasionally discover items with developed defects
which permit leakage of the toxic chemical agent. Upon discovery, those
i items are identified as leaking chemical munitions (LCM), overpacked and
segregated in accordance with specific standard procedures. Because of their
condition, they impose a substantial storage/surveillance workload burden
and, if storage is further proctracted, they could become a potential hazard
to supply/maintenance personnel. Both considerations prompt an expeditious
effort to demilitarize these munitions, recover or detoxify the agents and
dispose of the residual materials.

.1 In addition; the weapons development programs have required the use of
munitions for various types of tests. Many of the tests have been nondestruc-
tive, but invnlved conditioning or modification which precluded their incor-

poration into the stockpile of standard munitions. The remaining destructive [
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tests, principally astatic or dynamic firing tests, yieldad occasional
residual rounds (e.g. duds, rockets with expended motors, etc.) which
rendered them unserviceable. These have been described variously as re-
covered chemical munitions (RCM) or as unwanted chemical surety material
(UCSM) and have been stored in designated facilities at the development/
test and evaluation installationas. Storage, security, surety and safety
conslderations also dictate prompt demilitarization of these items.

Both the condition of the munitions involved and the environmental
safeguards policies established by Public Laws 91-121 and 91-441 would make
movement of the munitions to a common demilitarization site inadvisable and/
or impractical. On the other hand, the relatively small number of items on
hand or expected to be generated at each site would make construction of a
permanent demilitarization facility at each installation grossly cost ineffective.
The adopted resolution of this dilemma was to provide a transportable system
with a tolerant configuration, capable of processing all types of munitions
of interest with the same equipment and which could be set up for operations
in a readily available field site at each installation.

To meet this requirement, the US Army Toxic and Hazardous Materials Agency
developed the Drill and Transfer System (DATS). The DATS provides a safe
and environmentally acceptable capability to drill into the agent cavity of
a chemical item, drain the agent therein into a container suitable for long
term storage or shipment, and decontawinate all material and equipment involved.
It is important to note that while the munition is "demilitarized" the agent
contents are not destroyed. This concept reduces the extensive equipment
requirements necessary for the safe and efficient detoxification of agent
while still eliminating the problems and hazards associated with long term

storage of leaking items and possibiy deteriorated range items.
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The necessary transportahility specification has been integrated into the
system design thus eliminating the concerns for costly replication of demili- (
tarization systems ;nd enabling the DATS to sequentially operate at various
sites. After the current backlog is processed, repeat visits will be conducted,
as necessary, to dispose of newly discovered items at specific sites,
The fleaibility to process a wide variety of munitions and agents has also
been incorporated into the DATS. Typical chemical items which must be pro-
cessed (Figure 1) range from projectiles and rockets up the MCl 7501b
GB Bomb. Agent types will be predominantly GB, VX and mustard although the

DATS can safety process all standard 1liquid agents. Both explosively and non-

explosively configured items will be processed.

IT, SYSTEM DESCRIPTION

The DATS is a low production system designed to handle a limited number
of unpackaged or overpacked munitions. The most critical element of the system

is a glovebox (Figure 2) in which the munition is drilled and drained of agent.

The glovebox 1s a stainless steel cabinet, mounted on a structural steel frame,
which has a cross sectional area large enough to process an 8-inch projectile
in an overpack and enough length to unpack an M55 rocket from an overpack. The
glovebox is approximately 32 feet long, 5 feet wide and 9 feet high. Window
panels placed along the length of both sides provide full visibility to the
process chamber. Seven pairs of gloveports fitted with butyl rubber gloves

are located in the windows on each side. These provide convenient access to

all normal processing stations and other areas without opening the box.

T

Transport/holding devices mounted on track conveyors are incorporated into

the glovebox to move the munitions from the loading door to the drill and

drain stations and to support them in the proper location for drilling and
draining. Three hoists are provided to facilitate handling the munitions and

containers.
° 8 1136
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A metal chamber encloses the munition during drilling to minimize agent
dispersion. A removable section in the top of the drill chamber provides
emergency access and is made of clear plastic so that the munition drilling

operation can be observed by video camera.

A loading chamber is attached directly to the glovebox. The loading

ERR R v

chamber is of similar construction to the glovebox and is primarily designed
to provide a separate compartment, relatively free of liquid decontaminants,
which serves as a vestibule for loading munitions into the presumable con-

taminated glovebox and for sampling items for agent contamination before

b X i S R e LS Rl o T o 2 W L
" AR e it i o i

removal to the atmosphere, The loading chamber is large encugh to accept any i

item which can be accommodated by the glovebox. It is equipped with a remote

controlled carrier for loading and unloading the munitions. The only entry

and exit of material to and from the glovebox and loading chamber is through

AL T B T G, Y

[ Vo pst e

the loading chamber. The doors of the glovebox and loading chamber are
interlocked to prevent the loss of negative pressure within the glovebox
which would occur if both doors were opened simultaneously.

A number of support modules (Figure 3) are integral to the system and

perform auxiliary functions in support of the glovebox. These include a

charcoal filter unit which ventilates the glovebox and loading chamber,
maintains a negative pressure within each and removes agent from exhaust air
prior to release to the environment. Other modules include a decontaminant

: supply module which provides decontaminant for the system; brine holding tanks

where agent decontaminant is held pending certification; wash units where

ML G

drained munitions are submerged and washed with decontaminant to assure all

! internal surfaces are free of agent; and a ton container (TC) module (Figure 4)

:
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which enables agent to be drained into a TC. Shortly to be developed is (
a large item module where items larger than B-inch projectiles are drilled
and drained,
A typical DATS operation site is shown in Figure 5. The operational
site is divided into two distinct areas. The munitions processing area

contains most of the above mentioned equipment for processing munitions as

well as a munitions holding area and the transportable chemical laboratory.
A security and first aid station is emplaced along the fence and forms part

# of the boundary. The control and support area bounds the fenced processing

area., It contains mechanical support modules, including generators, air

T TN

compressors and decontaminant supply; the Command Post; personnel support

I

o

modules including a changehouse, crew trailer and maintenance/supply van.

LA,

!
¢ IIT. PROCESS DESCRIPTION
|

Figure 6 shows a process flow diagram for the DATS operation. Major

operational steps include transport of munitions, munition processing in the

MR ™ (ST

glovebox, munition processing in the wash units and disposition of the various
process residues. These are discussed in detail below:

. Munition Transport: Only the quantity of munitions to be processed daily

are moved from the storage area to the munitions holding area. At the end 

] of each workday, items not processed are returned to the storage area along

with the containers of agent drained during the day. Movements in both

directions are by truck convoy, accompanied by security escort, a decontamination

truck, and an ambulance manned by qualified medical personnel. The convoy

movement terminates at the munitions holding area. A vehicle assigned to the \
1]

Iy

wrn =

o

1142

\\




CUUEETIAY

¢ 2an31y

7 ~~
7 ~
: V3¥V 130ddNS AN
! F T T T e e e e — e e m e — e e - e ~ \HOSSIYIWOD
. i : ~ iy
v ! ' - m— e . \ \ HOLVHINID ,
" i 7 N 21819313
| i —— .
3 . ! AHOLVYHOSY H
m, v / 318VLHOdSNVHL — - — — % [ -
w " ' J “ i 43ANNNG “W e
m I . < S e - - e ————
b ] ' R/ e 3INAON A1ddNS
: . | - I ! s VIV N ) NOLLVYNIWYLINOD3a
g | N O S
: ] | ' ! '
| ! " — 3L | + DNISSID 00U '
P ot Loy / / ' ' 3INaOoW
m” ] X ) ; ! , / wagwwmo | Q X HINIVINOD {dAL)
m o — ! ' J / onigvor — “ NOL /mohmmo
M ] l i ] / [ Y A -
. " . 3ISNOH-IONVHI / / N\ (=] ;]‘ s 4_
o N \“ ./llltu..l ..u\\\ AolllMomw.mewlu I = — o — ! "
] 18 — - ™
- - 4
- - i
llllllllllll it Y P N s o o D ¥314 -
- ] ; \ ' NOLLYULN3A
w INIOd s_ 1 o - .
= —— —-S1INN HSVM -———— SHNVL
= NOILVYNI N N
OILVNIWV.LNGD3a “ NOLLINNW ONIGTOH INIHE \ ;
2 b e \s ¢
I |
i i »
i | |
; ( t
. 1 t
" B 1 I
V34V ONIGTIOH O1 -

1NOAVT 31IS S1vA TVY3INID




=

9 3In8y13

NOILV¥3dO Siva

¢

_ LINN HSVM
0L NOILNT0S ¢
NOO3a

ONISVD
NOJ2Q TVIWHIHL N3JO ONV 1vS0dsia
403 INAISIY (| SINISOTdX3 teg—{ 3IAISOTdX3 OL
3HO1S J1VvNOi3a ONISYD JAON
OGNV 1937100 . P
SE3INIVANGD MNVL a10H INIY
Eaﬁ-(u._gu - ONIdIHS L | 01 Nounios ——— I1dWvs
, 01 3INIug IN3dS i TS
0L diks BIISNVYL U3JSNVUL |
! T
* ! ]
L ! a1 oL
JOVHOIS r i
G3UNI3S OL || YIUY ONITIOH 311108 HINIIANDD “ X0G3IAOTO
HINIVINOGD Ol H3INIVINOD pritgd 3
INIOV 3AOW INIOV IAOW 1 I14MVS IAON
L YIGWVHO QVOl H
OL Y3NIVINGD + llllllll )
INISV ONV ¥ |
ONISVD 3AOW
LIND ONISVD HINIVANGD hoyciad
il Lo . HSVM O1 NOILINNW | 0L IN3OV er!(w
HEvM ONISVD 3A0W NOS3a HIISNVHL NSO
|

X08 IA0TO
01 NoILN0S

NOo23a 187

HIISNVHL J—l H3IISNVHL
.
) YITWVHI vIuY
GINIVAYIAO 41 X083A019 ONIGYOT ONIGIOH 3LIS 3I9VHOLS
aNNOY TG ANNOY L g— OINI jg— ol €—] OLSNOLLINOW [—]  Q3uND3S NI
. NOVINN aNnod IAOW wzoaz_w >.o$2 30 ANdNS SNOLLINAW
141HS INO IAOW

1144




..

operations area picks up the munitions and moves them to the loa&lng chamber.
The vehicle also moves the containers of drained agent from the loading
chamber to the munitions holding area where they are stowed to await convoy -
pilckup at the end of the workday.

Glovebox Processing: The munition is placed on a tray located on a

powered carrier in the loading chamber, and the loading chamber door is closed.
The door between the loading chamber and the glovebox is opened, and the
carrier and tray containing the munition are moved into the glovebox. The
carrier is then retu;ped to the loading chamber and the door separating the
loading chamber from the glovebox is closed. A clamp and support blocks are
used to secure the mun}tion to the transport table. A powered conveyor

system moves the munition into the drill chamber.

When the round is in position, the glovebox operators are moved to a
prepared position and signal the Command Post that the munition is ready.to
be drilled. The project officer in the Command Post then enables the programmed
drill operation. A TV monitor provides visual observation of the drilling
sequence. When the drill penetrates the shell cavity, the drill is auto-
matically retracted.

Upon completion of the drilling operation and clearance from the Command
Post, the glovebox operators initiate agent transfer. The agent is trans-
ferred to either a three gallon DOT 3A bottle or a ton container (TC) by
a vacuum transfer system. The choice of container is dependent upon the
quantity of agent anticipated to be accumulated during operations. The

-

smaller DOT 3A bottle is located inside the glovebox. The glovebox opegaxafi
v d

»

attach an agent transfer tube to the container and insert the other{end of

4
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the transfer tube into the munition agent cavity. A vacuum line is also
attached to the container and a vacuum pump is activated to transfer the
agent into the container. The transfer tube in moved about the inside of the

munition cavity to extract as much of the agent fill as possible. As soon

as all possible agent has been extracted from the muntion, the vacuum pump
is deactivated, and the transfer tube is removed from the agent cavity.

Upon completion of agent transfer, the agent cavity of the munition is
flushed with decontamination solution by means of a supply tube inserted into
the agent cavity. The operator selects the appropriate decontaminant (Na2C03
:E* for GB; Ca(0Cl), for mustard and VX) and activates the flow control switch
at the console causing the decontaminant to be pumped into the empty round.

The cavity is flushed and an overflow condition is maintained to promote thorough

e S A SR

A o i

rinsing of the cavity. The decontamination supply is shut off, the tube
removed from the munition, and the transport table conveyor activated to move
the munition from the drill chamber. This action simultaneously activates

a programmed decontamination cycle in which fixed nozzles spray the outside

of the munition with decontaminating solution during ﬁéésage from the drill
s

-

-

b chamber. e
The dril%Eg’ho}a’Igﬂzgzg—sealed with a snap-tight adjustable plug after
thg/gpafffggﬂis removed from the drill chamber. The munition is lifted
f;””’,,f”/’:;ear of the table, washed with decontaminant and rinsed on the exterior by
an operator using a hand wand, and then loﬁded onto the carrier tray by means

of hoists. If the DOT 3A bottle has been used, it 18 also conveyed to its

;% transport-out position beside the carrier tray, washed with decontaminating
lf solution and rinsed. The munition and bottle, if applicable, are then removed
i from the glovebox back into the loading chamber by reversing the glovebox

charging procedure described previously.
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The munition and overpack are monitored for agent contamination using che

et B o S i i

M18A2 Chemical Agent Detector Kit and the M8 Chemircal Agent Alarm with

cdnéentratof as applicable. Only when the sampling indicates no detectable

T A DT oA 2

contamination are the materials removed from the loading chamber.

.‘Munition Wash Unit Processing: The munition and overpack are removed from

e s A il e S 5 el

the loading chamber after certification by munition handlers. The items are
"then aubmergéd‘beneath the appfopriéfe‘aecdntaminant in a wash unit designated
by the project officer. The adjustable plug is removed and a flush probe

from the recirculating pump mounted on the wash unit 1s inserted into the

munitions cavity éhrough the drill hole. After flushing for an extend:u

perlod of time, the munition is then sampled for residual =gent. 4s 14

accomplished by draining the munition, washing the munition cavity -ith a

R xS

small amour. of chloroform and then analyzing the chloroform for agent. Ia
conjunction with this, a sample of brine from the wash unit is also analyzed

for agent. When negative results are received from the laboratory, the

i i 2 e

munition is removed from the wash unit. Similar procedures are followed for

overpacks.

Hardware Disposition: All munitions are subjected tn explosive detonation

with supplementary expleosives, This is accompiished to destroy explosive
components and to heat treat the metal. . The demolition operations are accom=
plished on a batch basis by Army Technical Escort Unit EOD personnel. Frag-

ments from the demolition are collected and placed in interim storage pending

1
3
3

movement to a thermal decontamination facility.

Brine Disposition: Brine generated at the glovebox is pumped to the

brine holding tanks from th.: glovebox sump at the completion of daily operations,
Brines from the wash units ar: pumped to the brine holding tanks after certification

- . - . - ey . ve .
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of all hardware in the particular unit or if agent is detected in the brine
during munition certification. When the tanks have insufficient capacity
remaining to accept the expected brines from the next scheduled operation,

a sample of the brine is drawn #nd taken to the laboratory for analysis.

If the analysis reveals that contamination remains, additional full strength
decontaminant is added, and the brine recirculéted and resampled. After

the analysis verifies that detectable ageat is no longer present, the brines
are drained into a polyethylene-lined 55 gallon drum and moved to an interinm
storage area panding transport of the brineé to a drying facility at the end

of the installation operations.
IV, PILOT TESTING (PHASE I DATS)

At the outset of the DATS Program, a decision was made to pilot test the
system at Dugway Proving Ground (DPG), Utah, prior to operating at instal-
lations in more populated areas. DPG was selected due to its remote location
and because the types of munitions requiring demilitarization at DPG were

-regentative of many of the items to be processed at other locations. The
pllot test was designated o3 Phaso I DATS and all follow-on operations were
included in Phase II DATS.

Phase I DATS wag conducted at DPG in the fell of i97Y. e ornjectives
of the pilot test included the following:

To demonstrate the capabilities of the DATS equipmert and to identify
problems which must be resolved before operating at Phase II sites.

To determine the adequacy of operating procedures and to provide the
basis for revision prior to Phase I1 operation.

To provide training for Technical Escort Unit (TEU) personnel who

will provide the cadre for the Phase II operating team.

1748

o R,
p




FRET. S gLt H Fee i AN
- T 3

i M Al ' AR sl s
!

To dispose of the 60 chemical items recovered at Dugway Proving

b

Ground.

P

-.
e el ih

The muhitions inventory which was designated for demilitarization during

oo 3 il

Phase I DATS consisted of a number of munitions which had been recovered from

the various test and holding areas at DPG, Many of the items were badly
weathered and had illegible nomenclature markings. In order to further

chqracterize the munitions and to determine which were compatible with the

o i AR s L il

DAfS, two munition assessments were conducted.

During the first assessment, conducted December 1975 - April 1976, 161
potentially toxic filled munitions located at the Tower Grid and West Granite o {
Holding Areas of DPG were evaluated by examination, x-ray and weighing. Also,
fuzed munitions not verified as being safed were subjected to standard EODK

safing procedures. At the conclusion of the first assessment 64 items had

been included in the potential Phase I DATS inventory. The remainder were i:
found not to contain lethal chemlcal agents or were incorporated into other |
demilitarization programs. Subsequently, two additional items were found,
increasing the inventory to 66 items.

A second, more exhaustive assessment conducted in September 1977, resulted
in a final DATS inventory of 60 items. These items included projectiles,
4,2-inch mortar rounds, 115mm rockets and warheads, and bomblets. All of the

rounds, except the bomblets and a small number of artillery rounds, included

explosive components. Two mortar rounds were fuzed as well, but the fuzes

were unarmed with safety pins in place. All, excer. one of the recket

motors were spent. The indicated agent fills inclu'~d GB, VX, and wustard

‘S as well as possibly simulants and white phorphorus. 3

1149
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Prior to operations at DPG, a series of nonagent tests were conducted on
site in order to train operators and to demonstrate to safety and reviewing
personnel that the system was ready for agent operations. These tests
included a checkout test to demonstrate that the equipment had been properly
installed; a system test to provide full scale training; and a final simulant
pilot test to obtain additional data for reviewing agencies and to serve as
a vehicle for the USATHAMA Preoperational Safety Survey. The preoperational
survey was completed in September 1979, and all findings were rectified
prior to the startup of operations.

The first munition was drilled on 22 October 1979, and the last, the 60th
item;‘was drilled on 6 December 1979. Figure 7 summarizes the results of
the Phase I pilot test. In general, all major test objectives were accom-
plished. More importantly, no operator exposures were experiencéd and air
monitoring of the operational site indicated that no agent release had occurred
during operations. Furthermore, no problems were encquntered which compromised
the environmental and safety aspects of the DATS. A number of minor equipment
problems were incurred which limited the production rate to approximately
three items per operating day against a design rate of five per day.
Additionally, severa winter weather was encountered in early November which
necessitated winterization of the system. As a result of these findings, an
equipment modification program for the DATS was implemented and will be com-
pleted before Phase II operations are initiated.

An additional problem, that of solid mustard residues, was also encountered
during the October - December operations. Nine mustard munitions were processed

at DPG. All were found to contain varying amounts of solid residue. The
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ambient conditions at DPG were such that the residues could possibly have

baen frozen mustard agent. However, analysis of residue samples in the
laboratory revealed that frozen mustard was extensive in only two munitions.
The remaining items contained a solid residue which was thought to be poly-
merized mustard and/or elemental sulfur, an impurity in Levinstein mustard.
Several solvents were tested in an attempt to find 4 means for dissolving the
residue to permit its removal by dfaihing. The material‘pfoved to be highly
insoluble in all the solvents tested. It was found, however, that the residues
could be removed by agitating the solids with HTH solution (Ca(0Cl),), the

decontaminant for mustard. This finding providing the basis for the procedures

adopted.

The concept selected incorporated a recirculating stream of HTH to erode/
dissolve the mustard residue. The procedures required heat treatment of the
munition to 145°F to melt any frozen mustard present followed by draining or
verification that the munition could not be drained and flushing with recir-
culating HTH solution. After removal of the solids was verified by volumetric
techniques, the munition was processed through the wash units, verified as
being agent free and detonated. A process flow diagrém and equipment schematic
are shown in Figures 8 and 9. In this manner all remaining mustard rounds

were successfully emptied of their contents during 25-28 February 1980, thus

completing the final processing of all Phase I items.

V. REMAINING MISSION (PHASE II DATS)

Preparations are currently underway for the conduct of operations at other
DA installations. The additional sites in scheduled sequence and the pro-

.jected DATS Phase II workload are shown in Figure 10. The DATS is scheduled
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to vigsit eight sites over the next five years and with the exception of

Abefdeen Proving Ground, Maryland, all are DA storage installations where (&wﬁ
. 5 leaking ch;mical munitions will be processed. At Aberdeen Proving Ground

items recovered from test and storage areas rathef than leakers from stock-

piled materiel will be processed.
¢ ' In preparation for these operations, the DATS glovebox and support equip-

ment are being permanently mounted on traillers to facilitate euse in trans-

porting, setting up and shutting down. Also, the trailerization of equipment
will permit the incorporation of an all season capability for the DATS. This
task along with other minor modifications to the DATS will be completed in

time to begin operations at‘the first'Phase 11 site; Pine Bluff Arsenal,

Arkansas, in early CY 1981.
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BLAST PROTECTION VALVES - REQUIREMENTS AND TEST METHODS
Eddy Abrahamsson
Dr Eng, Consultant, Jdrn & Plat AB, Sweden

Let us start with a definition:

With Blast Protection Valves I shall mean valves mounted in inlets and outlets
for gaseous products to protect 8 hardened structure

*  permitting continuous flow with a moderate loss of head

*  prohibiting at least the substantial part of a transient blast wave to enter
the installation, '

The valves can be used in sheltered arsas, aboveground as well as underground,
or in explosives storages where an accidental explosion can occur in the neigh-
borhood.

Triggering of the valve closure can be arranged in different manners. Manual
closing might be feasible for alert situations in manned shelters but hardly for
cases where accidental explosions are taken into consideration,

So we may have to turn to automatic closing, using some effect of the actual
blast we want to protect our installation against.

Sound effects can be outruled at once as the blast wave at interesting pressure
levels is supersonic. Using the flash could be another solution, e.g. through
remote light-sensitive sensors. You then, however, must have a permanent, reli-
able optical sight and protect the communication lines between sensors and

valves,

The safest way may thus be to use the hazard you want to protect against in
itself, .e. the blast,

chematically such a valve consists of a mechanical device so arranged that the
last overpressure activates its closing. In principle some sort of spring keeps the
vice in opern position during normal ventilation conditions, but at a certain
overpressure level the spring force is overruled which results in closure,

Some designs allow a small amount of the blast to seep through during closing
time while others use some sort of ingenious detour system to block up the blast

effqcts totally,

Let ys discuss some factors of importance when choice of valve for some special
purpdse is considered. We will have a look at, without grading their mutual

-*- .




The ventilation function

AR

importance, the following qualitites:

*  The ventilation function
*  The protective function
Mounting

Maintenance |

* Cost

o

The volume of air possibie to suck in or blow out through a valve is of course a
main feature, It is determined by the gross dimensions of the pipes and tolerable
loss of head over the valve,

Tolerable pressure drop is of course dependent on loss of head in the complete
system and fan capacity. Actually this can create a vicious circle: To overcome
a certain flow resistance you might need a certain fan, requiring a certain
volume of air for cooling which might force you to chose a more powerful fan
requiring still more air for cooling etc.

Furthermore noise problems may very well set the limit for the volume of air
which you can practically treat in your system,

Apart from possible calculational intricacies the data on ventilation function are
quite straight-forward and easy to handle.

The protective function

What data to use to illustrate the protective function is a somewhat more intri-
cate problem,

Of course the sustainable blast overpressure level should be in concordance with
the rest of the hardened structure in which the valve is installed. Whether this
pressure is side-on or reflected depends on geornetry.,

The valve should preferably block up the suction phase too, Though the under-
pressure is limited in magnitude it can cause substantial damage due to the fact
that it acts in the "wrong" and often disregarded direction,

Of importance might also be the lowest overpressure which activates the valve
when the pressure-time history involves a long duration, In such cases even a low
overpressure may contain a substantial impulse density.

The impulse let through during closing time should of course be as small as possib-
le and definitely not higher than connected installations behind the valve could
stand.
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Other questions in this connection are whether the valve should be able to stand
multiple bursts with unaltered function and whether a short stop in the flow of
ot alr after the blast can be telerated. The latter might be relevant in cases where
: L r the return mechanism has difficulties to fulﬂl ita mtended function when dis-
i i turbed by an airflow.

Mounting and maintenance

An attfactive valve should naturally be possible to mount without any great
efforts or speclal tools. Weight is here of course of essential importance. Space
occupied by the installation may also be considered. ‘ ’

* . ‘ Demountlng possibilities might also be of mtereat in cese you want to exchange
k. parts of the valve for some reason. -

= For maintenance reasons stainless or at least corrosion-protected valves are to -
] be preferred. Moreover easy access to the different parts of the installation
facilitates necessary maintenance operations as well as routine inspections.

[ Once you have decided to use a hardened structure you have already made the
main step as far as cost in concerned. The additional cost of valves is definitely
of minor importance and adds but marginally to the total cost, Of course I in this
respect disregard any fancy system with independent computer aystems, loads of
remote sensors etc.

Testing

Tests should be performed under as realistic conditions as possible, This implies
that the tests should be made on full-scale specimens, i.e. the valve should be in
full scale while the rest of the structure can be simulated under the assumption
that the real structure will remain intact and rigid at the nominal blast pressure.

At a really realistic test the ventilation function should be switched in at full
4 capacity., Furthermore the incident blast wave should contain nominal front
: preasure, prescribed duration and suction phase. To this the lowest preasure at a
& long duration load which activates the valve should be established.

Measurements should be made recording the pressure-time history of the inci-
A 7 dent wave as well as the one let through duririg closing tirne (if any). Further-
i ' more pre- and post-shot ventilation air flow should be checked.

gl

Efficlency factor

3
5

Technical date of primary importance are measuree of the protective and venti-
lation functions raspectively. The protective function may for instance he ilius-
trated by the impulse let through, This should be as smali as possible,

LY Y r .
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Ventilatnon capacxty may be illustrated by the air flow capacity in m3/h. This
should be as large as possible.

So we can form an "efficlency factor" as the ratio between let through impu!ae
and ventilation capacity. The irnpulse is easily calculated as the let through ref-
lected impulse density times the area of inlet tubes and can be measured in Ns
(newtonseconds). Ventilation capacity is measured as volume of air in m3/h.

Of course no theoretically justified level exists for such a factor. Empirical ex-
perience might, however, give some idea on the order of magnitude. Quite natur-
ally the acceptable value should depend on the protection level expreesed as the
maximum tolerable blast overpressure. :

We can tentatively use the following data where incident pressure as well as let
through impulse refers to reflexion values, .

Thus the above defined efficiency factor should not exceed the following values:

Incident overpressure MPa .2 .5 1 2 5
Efficiency factor "ﬁg';ﬁ 1.25 2. 2.75 3.5 4,

This farctor should primarily be regarded as a tool for the decision maker when

compsring different makes of valves, For design of equipment placed behind the
valve the true let through impulse should of course be used.
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INTRODUCTION

This study was part of the Navy Shore Facilities Exploratory Devel-~
opment Program which is sponsored by .the Chief of Naval Material through
the Naval Facilities Engineering Command. It is the first part of an
effort to evaluate the economic and operational feasibility of underground
explosives storage for the Navy. The effort is coordinated with but is
not an integral part of the Navy Explosives Safety Facilities Project.

The Navy is unique among the Services in that most of its operational
explosives storage facilities must be located on or near the waterfront
in order to effectively serve the Fleet. Real estate in these areas is
both rare and expensive. The Navy must therefore consider measures such
as underground storage to reduce the proportion of that valuable area
whose use is severely restricted by explosive safety quantity-distance
(ESQD) arcs. This study will help to determine the extent to which the
t? ‘ encumbered land area can be reduced within present regulations, and will
S identify critical factors where research could lead to further savings.

i The impact of underground storage on operations and maintenance require-
ments will also be studied. As a first step in this effort the origins
and implications of the present underground storage regulations were
revieved.

, This paper presents what is essentially the state-of-the-art for

1 underground explosives storage at the time of this study. Specifically,

Section 5-8 of NAVSEA OP-5 (Ref 1) is discussed and evaluated with :

respect to the technological data base on which regulating equations \

were based. Although this regulation relates specifically to explosives

storage in Navy facilities, it is virtually a verbatim transcription of

i the Department of Defense (DOD) regulations (Ref 2). The DOD regulations

H were, in turn, derived from NATO regulations that predated them (Refs 3

and 4). Equations found in both sets of regulations are the same except

for the units and coefficients. This text uses U.S. customary units as
the primary system to be consistent with References 1 and 2. However,

NATO and other European data are frequently referenced, and data and

equations from those sources will be expressed in both International

_ System (SI) and U.S. customary units. The text employs the generally

. accepted nomenclature of using W when the net explosive weight is in

pounds and scaled distances are in feet for U.S. customary units, and Q

when the next explosive quantity is in kilograms and scaled distances

are in metres for SI units.
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| A CHAMBER SEPARATION REQUIREMENTS

Separation distances between underground chambers used for explo-
sives storage are specified in terms of the distance required to prevent
communication of an explosion and in terms of the distance required to
prevent damage to explosives in adjacent chambers. This section discusses
the origins and supportive experimental and analytical basis for the :
equations by which these separation distances are calculated. \
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Referance 3 specifies a chamber interval of 1.5 W1/3 (0.6 Q1/3) "to
' prevent propagation of explosion resulting from high speed rock spall."
(Ref 5) Armed Services Explosives Safety Board Technical Paper summarizes
the results of explosive tests conducted in salt mines in Germany in
1936. Four tests were conducted in which detonable items were placed in
chambers adjacent to the detonation chambers.

The closest range at whiyg there w,,ano communication as a result
of chamber damage wt 0.73 W 50 .29 Q Contents of two chambers
at ranges of 1.31 W (0.52 Q ) detonated when flames and hot gases
entered through unprotected entrances. Under normal magazine conditionms,
these chambers would have had doors to exclude these effects. The
closer separation distance thus is a more reasonable criterion, and is
the approximate value recommended by the report.

The explosive charge densities used in these tests were 11.6 to
11.8 1b/ft® (185 to 189 kg/m®), compared to the standard NATO charge
density of 16.9 1b/ft3 (270 kg/m®). A curve of the adiabatic pressure-
density relationship for TNT products given in the paper indicates that
the pressure on chamber walls in the case of standard charge density
would be approximately 1.86 times the value produced in the German
tests. This could be the rational basis of requiring a safety factor of
2 on the noncommunication scaled distance determined from the tests.

Further justification for the separation distance to prevent com-
munication can be found from the results of the Underground Explosive
Test (UET) Program in rock (Ref 6). Table 1 shows the scaled distances
from walls of the charge holes to the tunnel walls for limits of Zone 1
and Zone 2 damage. Both of these damage zones constitute complete
closure of the tunnel. The summary shows that the noncommunication
separation distance falls b 7§een thelysaled limits of Zone 1 and Zone 2
damage. The value of 1.5 W (0.6 Q') is reasoT731e despi§73the fact
that the maximum range of Zone 2 damage was 2.63 W (1.04 Q") because
the UET rounds had charge densities between 15.5 and 76.4 1b/ft3 (254
and 1,220 kg/m3).

These experimental data lead to the following observations about
the regulation specifying separation distances. There are large uncer-
tainties in specified values. Experiments with relatively low charge
weight to volume ratios in salt indicate safe distances of about half
the specified values, but tests in sandstone with a wide range of charge
weight to volume ratios indicate the safe distance could be nearly twice
the specified value. It appears the factors other than charge weight
should be considered in setting the noncommunication separation distance.
Properties of the earth media and charge weight to volume ratios could
be significant. Figure 1 is an example of the effect of charge density
on limits of Zone 2 damage in UET sandstone. Although the data are
poorly correlated, the trend is for larger safe distances with greater
charge densities. lore recent data (Ref 7) indicate that damage zone
limits are also functions of media strength and scaled chamber size.
Consi?yging alllfgctors, the noncommunicating separation distance of
1.5WwW (0.6 Q°'7) could be considered accurate to 150%.
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The specific origin of separation distances to prevent damage was
also difficult to isolate. Reference 3 refers to United Kingdom and
United States studies and trials. The UET program is one of the most
extensive U.S. programs that is applicable, so data from that effort
were reviewed. . ,

A reasonable criterion for selecting a safe distance at which
damage could be avoided is to find the range at which little or no
spalling occurs. This range can be calculated from UET data for sand-
stone and granite. From Table 1-4 of Reference 6, the following media
properties were obtained:

Property Sandstone Granite
£, Tensile Strength, psi 240 640

E,, Young's Modulus at Failure, psi 0.34 x 106 1.62 x 108

Equivalent data for limestone were not given. However, average compres-
sive strength, Young's modulus in compression, and sonic velocity for
UET limestone were all greater than equivalent values for granite.
Modulus of rupture for the limestone was intermediate between values for
sandstone and granite.

Using the data for granite and sandstone, the tensile strain at
failure is estimated by the equation:

= =t (1)

Thus, for granite, £, = 395 jin./in., and for limestone, €, = 706 pin./in.
Figure 3-1 of Refereﬁce 6 gives best fit curves and corresSonding equations
for peak free-field strain versus scaled distance in each of the test
media:

4/ D ~2.0
e = 1.2x10 (—1—/—-3-) pin./ir. for granite
W

(@)

4 D -2-4 /
€ = 1.9x10 Min./in. for sandstone
(wl; 3) .f

Assuming that the peak free-field compressive strain is reflected at the
chamber wall as a tensile strain of equal magnitude, these equations can
be used to solve for the scaled range for incipient spalling by substituting

Eg for €. Carrying out those calculations gives the following ranges:

-« «* L J L <« - 9 o -- L .
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D = 5.5 Wl/a for granite
» . (3)

- D 3.9 w1/3 for sandstone

. Considering that the UET tunnels were unlined and that some of the shots
were conducted with charge weight to chamber volume ratios significantly
+higher than is norT’ély used for undergroun?,gtorage, safe separation
distances of 3.5 W for sandstone and 5 W for granite are reasonable.

What may have occurred at this point is to assume that the safe
distancelfgr limestone would fall midway between sandstone and granite
or 4.3 W as is contained in present regulations. However, data from
the UET report indicate that limestone might fall outside of that range.
Average compressive strength was higher than granite, and the modulus of
rupture, a measure of tensile strength, was only slightly less than the
corresponding value for granite. The Young's modulus in compression was
also significantly higher than for granite, but the rate at which peak
strain attenuates is much greater in limestone than in the other media.
Thus, the relative and absolute values for no damage in limestone are
uncertain. -

The UET data provide good verification for the damage-free separa-
tion distance in sandstone. The report divides tunnel damage into four
categories or zones. Zones.l and 2 consist of areas of very heavy
damage with large amounts of rock being projected into the tunnel at
high speed; Zone 3 consists of areas in which irregular spalling occurs;
and Zone 4 consists of areas with some spalling and falling of already
loose rocks. It seems reasonable that the maximum range of Zone 3
damage would be reasonable for the distance at which little or no damage
to tunnel contents would occur. Table 2 shows the scaled range to the
limit of Zone 3 damage on the sandstone shots. The scaled range indicated
is the distance from the wall of the shot hole to the wall of the tunnel
at the average limit of Zone 3 damage in each shotl/aResults appear to
be independent of tunnel size and a value of 3.5 W is exceeded in
only a few cases. The average is 3.08 and the standard deviation is
0.63. Based on a normal distribution, the value of 3.5 would only be
exceeded 25% of the time.

GROUND SHOCK

Inhabited building distance requirements for protection against
ground shock are the same as those currently used by NATO (Ref 4).
Allowable ground shock limits are given in terms of maximum particle
velocities in various media. Ranges at which these velocity limits
occur for the media are expressed in terms of a constant, a decoupling
factor and the total charge weight. Various elements of the regulations
will be discussed in the following order: allowable ground shock,
inhabited building distance equation, and decoupling factor.
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The NATO committee on explosives storage recommends that the criteria
for the limiting ground shock environment be based on maximum particle
velocity at the building site (Ref 8). The velocity limits were based
on shock levels that would cause severe damage to residential type brick
buildings. An article by Gustafsson and Hall was cited as the basis for
these criteria (Ref 9). The same data are also contained in a book by
Gustafsson published in English (Ref 10). Table 3 is derived from
Gustafsson's book, in which he states that the velocity limits are based
on more than 100,000 data points. The NATO code adopted the recommended
velocity limit for buildings on sand, gravel, or moist clay directly
from Gustafsson's data. Moraine, slate, and soft limestone were cate-
gorized as soft rock for code purposes and the velocity limit of 11.5
cm/sec was also adopted directly. Granite, gneiss, hard limestone,
quartzite sandstone, diabsse, and other media with seismic velocity
between 4,500 and 6,000 m/sec were categorized as hard rock, and the
committee evidently selected the rounded-off value of 23 cm/sec as the
limiting velocity.

The concept of using peak velocity as a criterion for limiting
ground shock-induced damage was confirmed by Nicholls, Johnson, and
Duvall (Ref 11). Using data from numerous quarry blasts, they concluded
that 