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I. INTRODUCrION

The present chemical compositions of the agents wi th in  stockpiled
munitions and the internal pressure of these munitions was determined
by sampling a statistically s ign i f icant  nunber of each type of munition .

A total of 321 munitions were samp led: 160 mustard (H , UT) munitions,
45 VX munitions , and 116 GB munitions . Tes ti ng and sampling included
measuremant of torq ue required to remove li ft ing plugs from mus tard
munitions , maasuremant of internal pressure wi thin  munitions , collection
of agent samples , and evaluation of the age n t ’s chemical and physical
condition. Only 67 mustard munitions were pressure teated and agent
sampled .

As an additional part of the program , forty 155mm mustard projectiles
were drained as completely as possib le of their agent f i l l , and the sludge
filled projecti les were shipped to Rocky Mountain Ars enal for use in
?~~tal Pa rts Furnace Pilot Tests .

The tests were perfo rma d in the South Area of Tooele Army Depot
from Apr l to July 1973 following the Stat is t ical ly Significan t Sampling
P rogram Te st Plan , March 73.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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II. OBJECT IVES

A. Determine the force required to remove the nose closure devices from
stockpiled munitions.

B. Determine the distrib ution of aluminum and bakelite fuze cups in
stockpiled mustard projectiles .

C. Determine whether or not bursters could be removed fro m projectiles
with undue force .

D. Dete rmi ne the internal  pressure in stockpiled munitions.

E. Characteri ze the agent in stock piled munitions by determining:

1. agent purity

2. impurities

3. gross upper and lower limits of the impurities

F. Drain forty 155mm mustard projectiles as comp letely as possib le o f
their agent fill, and t ransfer the projectiles to RNA for use in the
Metal Parts Furnace Pilot Tests.

2 
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III. NARRAIIVE TEST DESCRIPTION AND DISCUSSION

A. Nose Closure and Burster Removal Tests.

The force required to remove the lifting plugs from projectiles
pr esently in storage is information necessary to the design of various
CANDS components . The ease with which the explos ive burs ter could be
removed was also of interest to determine the extent of sticking
bura ters .

Seventy (70 ) Ml04 and MllO 155mm projectiles were tested , and
ninety (90) M2 4.2 in. projectiles were tested. The torque required
to remove the l i f t ing  plugs fr om these proj ecti les was recorded in
foot—po unds in the remarks column of Dat a Sheet 1.

Fuz e cup material was recorded for the M104 ’s and MllO ’s. Bakelite
fuze cups were ori ginally insta lled in the proj ectiles , but  they we re
replaced with aluminum fuze cups during regular maintenance operations.

Once the lift ing p lugs and fuz e cups were removed from the M104 ’s
and MilO ’s, the ease with which the bursters could be removed was
tested . During regular maintenance operations, the burster wells were
painted to prevent rust. The possible stick ing of the bu rster due to
the paint was anticipated. If the burster could not be removed readily
by the force of gravity alone, the projectile was returned to storage
for use in further testing at a future date.

The data f r om these tests we re reco rded on Dat a Sheet 1. and are
presented in Inclosure 1.

Those projectiles selected for pressure and agent sampling were
transferred to the ~ork igloo, and all other projectiles were returned
to storage.

B. Pressure and Agent Sampling.

The pressure and agent sampling were conducted in igloo 2212 in the
South Area of Tooele Army De pot .  The sane genera]. procedure was followed
for each munition samp led , although exact de tails varied with  the
individual munition .

Each muni t ion was handled wi th in  a glove box inside the igloo in
acco rdance with TEA D SOP ’s. The glove box and the  ig loo we re maintai ned
at negative pressure with M6 filters, which insured containmant of all
agent vapors. The operations were perforsed by USA Technical Escort
Center personnel.
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All projectiles were clamped in p lace and sealed in a glove box .
An air powered drill was used to drill a 7/16” hole in the s ide waU
of the projectile . Any internal pressure within the proj ectile was
directed about the drill bit , through part of the drill housing, and
rea d by a pressure gauge befo re being vented into decon solution.
Af te r disengaging the drill fixt ure , the hole was tapped to accomodat e
a 1/4” NPT pi pe plug. Two agent samples of approximately 40 mis . each
we re trans ferred from the project ile to glass culture tubes by means
of a pi pet . The culture tubes were sealed with Teflon lined screw—on
caps and wrapped with Parafilm . The proj ectile was sealed with a Teflon
coated 1/4” NPT pipe plug , cleaned, and placed in an approved and
tested container. After stenciling complete identification information
on the outsiJe of the storage container, the projectile was placed in
isolated storage as a Code H munition.

A slight departure from this procedure in the case of mustard filled
155mm Ml04’s and MllO ’s was the addition of a tnawing step. These pro-
jectiles were heated with infra red lamps to a skin temperature of lOO F
before proceeding with the sampling.

M55 rockets required a different procedure because they are stored
in their fiberglass shipping container, and in the case of Code H
rockets, a steel identification kit. The rocket, shipping container,
and steel ident i f icat ion kit  were placed in the glove box before it was
sealed . The rocket was re moved only fa r enough f rom the shipping
container to clamp it in place under the drill. The rocket was drilled ;
the pressure was read and ven t” d ;  and the agent was sampled with a p ipet.
The hole was tapped and p lugged with a Teflon coated 1/4” NPT p ipe p lug.
The pipe plug was t ightened flush w i t h  the skin of the warh ea d and then
covered with Anrtho nd 2244 epo xy , manufactured by Northwest Plastics , Inc.
of Seattle , Washi ngton. The rocket was then replaced in its original
shippin g container , which was placed in a steel I.D. kit , stenciled ,
and placed in isolated storage as a Code H munition . This procedure
left  the rockets in a form sui table  to demi l in CANDS rather than
creating a need for a special demilitarization operat ion.

M23 land mines also required a modi fied sampling procedure . The
mines are stored in cans of three (3) each. The mines were removed from
the storage can and sealed in the glove box one at a t ime . The initiator
well was removed , and the agent samples were transferred by pipet to
the glass culture tub es . The initiator wel l was replaced to seal the
mine , and the mine was cleaned , removed from the glove box , and replaced
in its original can. The mines were then placed in isolated storage as
Code H munitions.

Data Sheets 4 (see Inclosure II) were used to record all data
collected during this phase of the program. As the munitions were
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logged for sampling, they were assigned to an identification nuither
consisting of a letter prefix for the agent type and a nuither denoting
its order in the sampling p..~ gram, i.e. 111, 112 ..., Vl , V2 ... This
identification nunter was used to identify the munition through the
ensuing sampling procedures and to identify the agent 8amples collected
from the munition.

The internal pressure recorded on Data Sheet 4 is the pressure read
from the gauge in the glove box. This pressure has been corrected to
reflect the actual p ressure found wi thin  the  munition rather  than that
read af ter  pressurizing the drill asseub ly .  The correct ion procedure
and a table of the adjusted pressures are presented in Inclosure III.

C. Mustard Draining Operations.

The 155mm M104’s and MllO ’s were drained as comp letely as possible
of their liquid mustard fill, leaving only slud ge in the projectiles,
so they could be used in CAMDS ?~ tal Parts Furnace pilot tests.

Several approaches to the draining were tried before identifying
the most successful method. ?~~thods attempted included use of a vacuum
line inserted in the original sampling hole and apply ing a vacuun to
the entire projectile .

In the mos t successful approach the projecti les were heated to 100° F
to thaw the mustard before fixing then in place and sealing them in a
glove box. A second 7/16” hole was drilled and tapped 180° from the
original sampling hole , the proj e~ ti 1e was rotated 180° , and the pipe
plug was remo ved fro m the ori ginal hole . The musta rd d rained by gravi ty
into a funnel shaped pan fro m which it was t ransfer red  by vacuum through
1/2” I.D. tub ing into a ton container. When the gravity flow ceased , 1
psi positive pressure was applied to the top hole in the proj ectile to
insu re the liquid flow had stopped rather than being blocked . The
positive pressure often forced significant amounts of mustard from the
projectile after the gravity f low h ad ceased. After draining, the
holes were sealed with pipe plugs and the projectile decontaminated.
The projectiles , which had been weighed prior to draining, were weighed
again after draining. The weight difference was taken as the amoun t of
mustard drained from the projectile.

The amount of mustard remaining in the projectiles after draining
was determined in representative projectiles by inserting a known
quantity of solvent, thoroughly agitating the projectile, and with—
drawing the solvent. Chemical analysis then showed the amount of
mustard remaining in the projectile . On the basis of the chemical
analyses, a mean of 37.59 rnls. of mustard remained per projectile

.5



Data Sheets 5 we re used to record all data collected du rin g this
phase of the program , and they are presented in Inclosure IV. Note
that the same identificat ion nunbers are uted on the proj ectiles as
assigned during the sampling phase.

D. Agent ShipmenLs .

The agent samples collected in the sampling operat ion at TEA D were
t ransferred to Dugw ay Pro ving Ground (DPG) either for chemical analysis
in the laboratories or as an intermediate point in their t rans fe r to
Ed gewood Arsenal fo r use in detoxification studies.

Two (2) shipments of mus tard agent in solvent were sent to DPG for
analysis to veri fy complete draining of the 155mm mustard p roj ectiles .

Al l agent shi pments were escorted by personnel from the USA
Technical Escort Center.

The dates , quantities , and end points of each agent shipmen t. ~~~~~

included in Inclosure V.

E. Chemical Analysis of Agent Samples.

The Chemical Laboratories at Dugway Proving Groun d perfo rmed
analyses of the chemical agent samples to characterize the agent as
stored in stockpiled munitions. The parameters and methods of analysis
are listed for each agent:

1. Mustard (H & NT)

a. density by pycnometer or specific gravity balance (eve ry other
sample).

b. viscosity by calibrated On twal d viscometers (every other sample).

c. heat of cotrbustion by adiab atic calorimetry .

d. metals screening by emission spectroscopy .

e. q uant i ta t ive  analys is for major metals by atomic absorption
spect roscopy (to include total iron) .

f. purity by MIL—M—l2O5lA .

g. total chlorine by argentime t ric t i t ra t ion.

6
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h. total su l fu r  b y t i tration with lead salt .

i. total carb on and hydro gen by automat ic C , H & N analyzer.

j .  soluble and insoluble iron by water extraction.

k. heat capacity by adiabatic calorimetry (5 samples).

2. VX

a. density by pycnometer or specific gravity balance (every other
Bamp le) .

b. viscosity b y calibrated Os twald viscosieters (every other sample) .

c. heat of coub uation of adiab atic calorimetry.

d. metals screening by emission spectroscopy .

e. quant i ta t ive  analysie for major metals b y at omic ab sorption
spectroacopy (to includ e total  iron and aluminum) .

f .  pur i ty  by MIL— C—5l l05 (MV) (to include fre e mercaption and bis —VX) .

g. CV by wet analysis .

h. total phosphorous by molybdenum blue procedure .

i. quantitative analysis of stabilizer by gas chromatography.

j. total sulfur by t i t ra t ion with lead salts.

k. total carbon, hydro gen, and nitrogen by automatic C, H & N
analyzer.

1. heat capacity by adiabatic calorimetry (5 sample.).

3. GB.

a. density by pycnometer or specific gravi ty balan ce (every other
sample).

b. viscosity by calib rated Os twald viscometers (every other sampis) .

c. heat of comrbuation by adiabatic calorimetry.

7 
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d. metals screening by emission spectroscopy .

e. quantitative analysis for major metals by atomic absorption
spectroscopy (to include total iron and aluminum).

1. purity by DPG procedure.

g. total phosphorous by molybdenum blue procedure.

h. free fluoride by specific ion electrode.

i. quantitative L dentificat ion of stabilizer by gas chromatography .

j .  total carb on and hydrogen by automat ic C, H & N analy zer.

k. DI~~ and TEA by gas chromatography .

1. heat capacity by adiabatic calorimetry (5 samples).

A copy of the Summary Report from the Dugway Proving Ground Chemical
Laboratories giving thei r analytical results is included as Inclosure VI .

8 
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IV. EVALUt~ I0N

A. Nose Closure and Burster Removal.

A maximum torq ue of 150 foot—pounds was required to remove the
l i f ting plug f rom a sample lot of ninety (90) 4 .2 ”  project iles . That
to rq ue was 3 standard deviations from the mean of 76.833 foot—pounds ,
indicating a 99% probability that the torq ue requirement for each
p rojectile in the entire gro up will be less than or equal to 150 foot—
po unds .

For a sample lot of seventy (70) 155mm mustard projectiles (Ml04’s
and MilO’s) a maximum torque of 40 foot—pounds was required to remove
the lifting plug. This torq ue was 3.8 standard deviations from the
mean of 11.429 foot—pounds , indicating a greater than 99% probability
th at the torq ue requi rements for  each proj ectile in the entire gro up
will  be less than  or equal to 40 foot—pounds.

Examination of the seventy (70) fll04 ’s and MilO ’s revealed that
15.7% of the sampled projectiles s till had bakelite fus e  cups . Eq uip-
ment mus t be designe d to re move both the bakelite and aluminum fuze
cups.

Three ( 3) bursters  were found in a s ample lot of seventy (70)
( 4 .3%)  that  coul d not be re moved by gravi ty .  No further investigation
was made dur ing  th is  p rogram to de termine the extent to which these
b ursters were stuck . The thre e (3) p’ro~ectiles we re marked and set
aside fo r fu tu re  test ing.

B. P ressure and Agent Sampling .

P ressure samp li ng showed internal pressures in onl y the H filled
M104 ’s and MilO ’s and GB f i l led M55 rockets.

The internal pressure s in the mn usrard  p roj ectiles were greater than
those in the rockets, with the highest sampled pressure being 88.3 PSIG
(adjusted). The mean for the sample lot of 47 projectiles was 20.59
PSIG with a standard deviation of t 21.57. The probability is slightly
greater than 99% (3.1 standard deviat ions) that the in ternal  pressure
in each mustard projectile will be less than or equal to 88.3 PSIG.
Note that these projectiles were heated to a skin temperature of lOO F
to thaw the mustard.

For a sample lot of 23 M55 GB rockets, the highest internal
pressure was 46.3 PSIC (adjusted), which is 4.01 standard deviations

9 
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fro m the mean of 4.096 PSIG. Us ing this sample size , there is a
greater than 99% prob ab ility that the internal pressure in each
rocket will  be less tha fl or equal to 46.3 PSIG .

The agent sampling revealed the condition of the agent in the
stockpiled munitions . With the exception of H type mustard , most
o f the agent (HT , VX , GB) was free flowing. There was a small amount
of suspended soli d matter  in the collected samples . The NT samples
were pale yellow, and the VX samples were clear to yellow. The GB
samples were ather to tea colored to yellow in color.

Two (2) GB rockets sampled from lOt 1033—55—1076 showed a definite
variation from the no rmal. The agent from these rockets was almost
a jel ly — very similar to some of the mustard samp les in consistency .
Internal pressures of 19.8 and 46.3 PSIC accomp anied the unusual agent.
The lot history revealed no reason for the variat ion in agent charac-
teristics. The rockets , manufactured in April 1965, were filled with
agent from lot 255 , which was jus t s tab ilized with TBA and later
restabilized with DICDI . These two (2) agent samp les were scheduled
fo r special analyses to explain the variance.

Several code H M55 GB rockets were leaking from holes in the war-
head as large as 1/16” in diameter .  In these cases , a conside rable
amount of agent was running fre e in the fiberglass shipping con tainers
leaving a reddish f i lm on the outside of the alumi num warhead .

H—type mustard filled proj ectiles presented samp ling prob lems due
to the consist ency of the agent. Even af ter  attempting to thaw the
mustard agent, samples were hard to collect through pipets due to
the high solids conten t of the agent. In one instance no more than
15 mI s.  of sample could be collected from a full  proj ectile . The
mustard varied in color from dark b rown to black.

C. Mustard Draining.

The mustard filled M104’ s and Ml lO’ s were drained for use in Metal
Parts Furnace pilot tests at RNA. The draining operation revealed a
great deal of useful information about the mus tard agent and proposed
CANDS procedures.

One procedure being considered at that time involved draining
mustard from the projectiles by a prob e under vacuum. Attempts to
simulate such a procedure ended in a complete failure due to the high
solids content , even after heating the projectiles to 100°F.

10
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In all alternate approaches the solids presented the greatest
diff icul t ies. In creas ing pipe size reduced the prob lem somewhat ,
b ut bends , j oints , and valves still served as collect ing points for
the solid material and q uickly clogge d the lines . ~~ile only a
1/3 horsepower vacuum pump with a capacity of 5 cfm was used to
induce flow in the mustard lines, the extent of the difficulties
promised trouble even unde r bett’r pumping conditions.

The data collected during the draining operation shows very vividly
the a~~ unt of solid material contained in the projectiles. An average
of 2.9 lbs was removed from the projectiles (including the 80 ml samp le)
which were originally filled with 11.7 pounds of mustard. The total
anX~tmt of mustard drained varied from 0 .73  lbs for one proj ectile to
10.36 lbs for another, indicating that the total solids remaining in
the projectiles ranged as high as 10.97 lbs.

E. Chemical An alysis of Agent Samples.

Chemical analysis of the agent samples was used to define the average
condition of the agent in the stockp iled munitions as well as the ran ge
encountered in the impurities detected.

Suspended solid matter  was present in the liquid agent samples . The
solid port ion of the sample was removed by centri fuge or f i l tration,
and only the liquid portion was analyzed. In type H mustard , the solids
represented a significant portion of the samp le. The solids in the other
agents were relatively ins igni fi cant.

The heat of cothustion analysis performe d on mustard samp les (H , HT)
is indicated as yielding approximate results since the coith us tion products
etched the interior of the calorimeter b oith adding to the hea t to be
measured. Error l imit  was estimated to be ~ 2% .

In mustard samples the purity was determined by freezing point
depression. For UT mustard , this analysis gives the molar puri ty of
HI) mustard. NT mustard was mixed as 70% MD and 30% T by weight.

The agent samples were screened for the presence of metals on a
Fisher Duo—Spectranal. The metals detected in this test were then
analyzed quantitatively by atomic absorption spectoscopy. The soluble
iron, however, was analyzed by wet chemistry.

VX samples were analyzed qualitatively to confirm the presence of
DICDI stab ilizer, then quantitatively to determine the stabilizer
concentration.

11



GB samples were also analyzed qualitatively to identify the stabilizer
before quanti tat ive analysis to determine the concentrat ion. Presence
of only TBA indicates preroimdout or roundout agent . Presence of only
DICDI indicates redistilled agent. Presence of both stabilizers (DICDI
and trace TBA) indicates restab ilized agent .

The summary repo rt submit ted by DPG is included as Inclosure VI.
Attached to this report are the calculated mean values for each para-
meter.  Note sample G105 was disregarded because decon solution was
spilled into the sample during packaging.

In the mustard samples (H , HT) the su l fur  concentration is higher
than the th eoretical value while the chlorine concentration is less
than the theoretical value . The chlorine may have been lost as a
gaseous product of decomposition , and would have contributed to the
internal p ressures expe rienced after heating the H muatard projectiles.
The sul fur concentration would appear higher due to the loss of the
chlorine in the liquid samp le. The manufactur ing process may have
left excess su l fur  in the solution , also. The iron content in NT
mustard (81.79 ppm mean) indicates some attach by the agent upon the
steel projectile, because low iron 111) was used in the original manu—
facture of the agent. The much higher iron concentration in H mustard
(3527.08 ppm mean) is due in large to the manufacturing process which
did not involve distillation. The majority of the iron (2987.50 ppm
mean) is solub le. h eat of conI,ustion and density of the mustard samples
did not vary greatly f rom the theoretical values. Note that thes e
analyses apply only to the liquid po rtion of the agent samp les. Ana lysis
of the mustard sludge will be conducted in conjunction with the Metal
Part s Furnace pilot tests.

Analysis of VX samples detect ed virtually no metals . Even samp les
from M55 rockets showed no aluminum present. A mean of 1.188 ppm of
iron was detected in the samples with a maximum of 4.3 ppm. Density
and heat of coirbustion of the samples parallel theoretical values,
but the viscosity is about 2 centipoises higher  than the theoretical
value .

Metals p layed a mo re prominent role in the GB samples . The mean
iron content was 89.68 ppm , while the M55 rocket samples showed a
mean of 45.59 ppm iron. Erosion of the steel munitions is indicated
by this difference . The aluminum content in the samples averaged
1686.5 ppm , compared to the average of 1765.2 ppm for the M55 rockets.
Erosion of the aluminum warhead by the agent is supported by this
difference in aluminum contents. The increasing nuther of leaking
rockets being discovered in storage facilities also supports the

12
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conclusion that GB agent attacks the aluminum warheads . The jelly-like
agent discovered in the two rockets saxpled from lot 1033—55—1076 is not
satisfactorily explained by the results of the analyses performed thus
far . Additional work must be done to further characterize these two
samples and exp lain their variation from the characteristics e*.ibited
by the other samples . Note that the viscosity reported for samp le C97
was calculated using the filtered port ion of the sample. Other
parameters tested paralleled the theoretical values exp ected.

Table 1 presents a comparison of the theoretical values availab le
to the tes t results obtained.

13
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STATISTICALLY SIGNIFICANT SAN PLING PROGR.AN

INCLOSURES 1—VI

Inclosu res I throug h VI containing raw data
sheets , sample calculations , and schedules have been
removed from this pr in t ing .

Cop ies of these Inclosu res are available on
request to the Project Manager for Chemical Demilitarization
and Installation Restoration , DRCPM—DRD—TM , Aberdeen
Proving Ground , MD 21010
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