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As a result of past p a t i o m ,  the U.S. A m y  has ~mrerous buildings and large 
quantities of process equipnent which is con- ' ted w i t h  explosives. Recent 
changes in  lms also require a l l  detonation scrap to be free of explosive 
residue prior to recycle. Before these materials can be recycledor disposed 
of, the residual explosives must be rernsved. 
necessary to  avoid creating safety and environmental hazards. 
equipznt is to be landfill&, residual explosives may migrate into the soil 
and ultimately amtaminate graundwater. Building structures which have been 
used for explosives manufacture are usually slated for demolitian and disposal 
of the rubble. Demlition of a rxlilding which has residual explosive can be 
dangerous. 
grandwater contamination. 

probably the two mst canmn methods in present use for decantaminaton are 
steam cleaning and decontamination by f i re  (burn it to the ground). 
cleaning is in most cases effective but provides only surface decontamination 
and is not effective on hard to access areas. 
deoontaminate concrete with steam. Steam cleaning of conp?lex items such as 
mtors can not assure that interior areas are cleaned. Ekumn g of structures 
con ted w i t h  explosives is no loxqer an environmentally acceptable IIE~IYXI 
of decontamination. Buildings w i t h  asbestos should not be burned. Since apen 

toxic substances, local or state regulators view intentional building fires in 
the sarcus light as apen detonation.. 

In 1982, USATHAMA began a project airced a t  develophg new, hproved procedures 
for decontaminating structures and equipwnt contaminated w i t h  explosives. 
goal of this on-gohg project is to develop a method which w i l l  be safe, 
produce little or no waste and Will assure a high degree of decontamhation. 
Target cOmpcrundS for rarvJval are a l l  the major military explosives such as 
tXinitrotOluene (TNT) , -~&0-1,3,5-tXM-~*%h (RDX) I 

octahy&o-l,3,5,7-tetranitro-1,3,5,7-tetxazocine (HMX) , nitrobenzene (NB) , 
1,3-dintrobenzene (DNB) , 1 , 3 , 5 - t r i e n e  ("B) , 2,4-%nitrotoluene 
(-), smkeless powder (nitrocellulose/nitmglycerin) , ammniuin picrate 
( Y e l l o w  D) . The process to be developed would have to be effective a t  remnring 
con taminants f r a n ~ t a l ,  wood, painted concrete and bare concrete. An addition 
goal of the project was to  develop a decontamination method w h i c h  is 
universally awlicable and, thus, could be used on large structures as well as 
process equiprent. 
techniques and the cansideration of me1 techniques. 

Remval of residual explosives is 
If  the process 

Disposal of contaminated rubble may contribute to  soil  and 

Steam 

It is diff icul t  to  CQnPletely 

' 

The 

(2,4-IMT), 2,6-d in i t ro to l~ene  (2,6-DwT), 2 , 4 , 6 - t r i . n i t o ~ h E ~ M t r ~  

The f i r s t  phase of this project was a review of existing 
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Phase L of Develapnen tProqr am, ~ l o g y s c r e e n i n q  

Under contract to U m ,  Battelle C~~IX&YUS Laboratories p e r f o e  an 
analysis of existing explosives decontamination tecsuuque ' s and also Welapea 
descriptions of novel amcepts. Informa'cion was gatbsred fran cpvemmnt and 
private industry w s  of explosives. 
visited to inspect axtaminate3 stsuctures and eqyipmnt. 
report, Battelk ibcumnted the detailed analysis of th= follming technologies: 

Govermmt facilities were 
In a July 1983 

Thermal- sitian cancepts 

Flashblast 
Micramre Heating 
solvent sodk/Burn 
BurntoGrrxlnd 

Elec trapo l i sh ing  
sandblasting 
Ultrasouna 
Vm-blast 

Abrasive C o n a p t s  

A c i d  Etch 
Danolitim 
cryogenics 

Hot Plasrna 
H o t  Gases 
C02 Laser 

Scarifier 
D r i l l  and Spa11 
f-Iydroblasting 

Extractive Ranrxral concepts 

Solvent C i r a t i m  Supercritical Fluids RadKleen 
surfactants Strippable Coatings Manual steaming 
External Steam Generator Vapor Phase Solvent Extract 

Radical Initiated Decunp.  Base InitiaW Decatrp. Decarp.  with Ds2 
rnlten Deccmp. sulfur Based W u c t  Sodium Borohydride 
Microbial Eeduction Cleavage Reactive hires  
Ultraviolet and Cat. GamM Rad. QlKmic Acid 
Nucleophilic Displacement Ozone Asarbate 
solid state Hydrogenation Gels FoamS 

V a r i a u s  car33h- of methods were also cansidered. 
evaluated and rated based an des- ' efficiency, mass txansfer, safety, 
darrage to buildings, penetration depth, applicability 
operatjag costs, capital costs and waste trea-t costs. 

Each -logy was 

ccrcplar surfaces, 

psrvxbg the thermal decunposition cumepts, b t  gases received the highest 
ranking overall and received high scores in all categories. The lwt gas 
process involves exposing COntEpninated materials to hot gasses in order to 
vaporize or decanpose the contaminants. The hot gasses together w i t h  the 
vaporized explosives and break down prudw%s are discharged to an af- 
for canplete destruction. 
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The burn to ground mthd received high scores in mst categories but received 
the lowest possible scores for safety and building damage. 
concept recanwxd for further develaprrent was hot gases. 

The only the& 

All of the abrasive amcepts received poor scores for waste treatmnt costs. 
2he abrasive concepts also received k w  scores for penetratim depth. 
the abrasive concepts were considered for further developnent. 

External steam generator ( R i n g  steam into the structure) scored the highest 
of the extractive r m a l  comepts. However, the law solubility of some 
explosives in hot water prevents the steam method fran behg universally 
applicable. Vapr circulation was the only extraction technology selected for 
further develapnent. 

Three chemical decarrposition techniques *re selected for further 
developrent. 
initiated decomposition and sulfur based reduction. 

In all, 55 technologies or cartiaations of teci&ogies were considered. 
concepts were selected for further investigation. The selected technologies 
were hotgasses, ccanbination chemical/hot gas, v a p r  circulation, radical 
initiated decomposition, base initiated deccmpositicm and sulfur based 
reduction. 

None of 

The concepts selected were radical initiatxd deccmposition, base 

six 

-om the ccxbhation mthods evaluated, only a cunbined chemical/hot gas 
concept was considered to  be worthy of further develcp=nt. 

Phase 11, Laboratory Tests 

In Phase 11, the technologies selected from Phase I w e r e  developed in mre 
detail, 
laboratory tests. 
concrete were spiked with knmn quantities of 2,4 W, 2,6 DW, W, TEXFtYL, 
RDX and HMX. 
investigation. 
for residual explosives. 
yielded the highest degrees of explosives rawVal, 
explosive levels were belm detection limits. 
processes evaluated in t b  laboratory phase of testing offered s c a ~ ~  advantages 
and disadvantages for particular operations, it was the hot gas process which 
had a greater range of a@icatians and provided t k  mst canplete 
decontamination. 

Probably the mst important aspect of the develop=nt work was the 
Test coupons of steel, painted concrete and unpainted 

The test cuupns w e r e  then subjected to the processes under 
After appropriate txeatmnt tines, the coupons were inspected 

H o t  gases and the carbination of cMcal/hot gases 
In many cases, the residual 

Although each of the siX 

The laboratory tests did identify saw potential problems with the hot gas 
process. 
surface (originally mcontamhated) of comrete test  coupons indicated that the 
hot gases may cause explosives to migrate thrmgh concrete. 
concern that during decontamhation of a concrete structure the explosives may 
be driven out of the structure rather than destroyed. It was also noticed that 
the hot gas process dried out and, thus, weakened concrete. 

Durhg testing the fonnation of explosive crystals on the outside 

This raises the 
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pretratimk of concrete w i t h  a caustic c k m i c a l  led to quicker destmction of 
explosives and allckied hot gas decantaminatian to proceed at lmer 
- r a w s .  
migration. 0prati.q a t  a reduced *atme lessens the d r y k g  effects on 
m e t e .  Thus, it was coancluded that d i n a t i o n  of dmuca ltreaIm3ltand 
hot gasses would be the best mte to carplete decantmninatian WiIAmlt 
migratim of explosives a d  w i t h  minimal dalnage to concrete. 

~ ~ g a s p r o o e s ~ , c c m p ~ ~ b Y -  * lpretmaizment, arerged franthe 
laboratory tests as clearly the mos t  pranising -logy for w i d e  spread 
applicatim. Ihe next step was to see haw w e l l  thE! process wxld perform 
autside the labczaimry an a m t a m i n a M  building. 

Quicker destructian of explosives reduces the possibility of 

phase 111 Pi lo t  Tests 

The-Army Almlunition Plant  (CAW) Tests: 

P i l o t  tests of the chanical/hot gas decmtaminatim mthcd were conducted a t  
(2" in 1987. 
The objectives of these first pilot tests were: 

The tests were oondllcted for U m  by Astfiur D. L i t t l e ,  Inc. 

1. Determine the effectiveness of hot gas with and without dhanical 
pretrezrtment. 

2. 
structure. 

Evaluate the effects of test conditiolls on the integrity of an actual 

3. 

4. 

pravide design criteria for full scale systems. 

Prwvide test data for regulatory prmitting of the process. 

A f t e r  mm~rous  ptential sites were cansidered, a projectile washuut building 
a t  Cornhusker AAP was selected as the test site. 
walls, a conmete floor and a wocden ceiling. 
25' long, 25' wide and 11' high. 
conducted, a dividing wall was constructed in the center of the IxildinrJ. 
Other nmdificatims to the building included oanstructson ' of a false ceiling to 
protectthewocdenroof,replacementofthewindows and doors w i t h  sheet mtal 
and jnsula- of the outside of t b  building. Although inspect;lan ' 
buildhq revealed sane 
lcw to sufficiently cblhnge the decontamination method. 
resolved by placing W amtanxinaw a m m e t e  blocks, w h i c h  were remrxTed f r a n  a 

H o t  gas was supplied to the building tbmugh ductmrk by a 3.0 million W/hr 
propane fired lxrner. 
-r. 

The building had concrete 
Dimnsions of the building were 

So that t m  separate tests could be 

of the 
cahmination, the level of contiminttian was too 

This prdblem was 

sunp cesspool, inside the test building. 

Gasses exited the hiliihq into a propatle fired 
Gasses enter- the hjlding, ex i t iq  the buildirrg and exiting 

wre used to monitor tgoperatures inside the building aUr- 

theafkbxmxwereanalyzed. s n t e s t s w h e r e m  pretxeatnlentwaswas, 
a solution of sodium hydmade - anddiltEuylf- * was enployed. 

treatment. W e t e  ssanples were subjected to ' pxpefies tests 
before and after hot gas treatn-ent. 
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B mnclusions drawn from the rnrnhusker pilot tests were: 

1. H o t  gas decontamination of a building is safe and feasible. 

2. Althaugh treatmnt of surfaces w i t h  caustic c h d ~ c a l s  did increase 
explosive remval on the surface of cancrete, it had no effect on interior 
contaxnination. Fusther, longer treatmnt with hot gas alone should be capable 
of prwiding carrplete decontamination. 

3. The hot gas decontmbation process caused concrete block to loose 5% 
of its ccmpressive strength and 20 to 30% of its bend (tensile) strength. 
effects of this loss in strength would have to be judged on a case by case 
basis for each building treated. 
reused, the condition of the concrete after treabrent is of no concern. 

and large buildings were developed. 

afterburner, were  collected and can be used for applying for regulatory permits 
for future operations. 

The 

Of course, i f  the building is not going to be 

In i t ia l  design criteria and cost estimates for decontamhation of mall 

Process data, such as canposition of effluent gasses f rom the 

4. 

5. 

The Hawthorne Anny Ammuzition Plant (I-IWAAP) P i l o t  Tests :  

Further pilot  tests of the h a t  gas process (without chanical pretreatmnt) 
began in July 1989 at  I-lWAAP. 
Weston, Inc. This test series is directed tawads the decontamination of 
process @ p e n t  used in explosives operations. 

These tests are being coducted for U m  by 

The objectives were: 
B 

1. Test  the process on a variety of materials (vitrified clay, steel, 
copper, a l d u m )  w i t h  a variety of con taminants (W, Nc, NG, z&.mmi.m 
Picrate, RDX, HMX) . 

which has areas inaccessible to  o e r  treabrent processes (punps, pipes, ship 
mines, risers, transfer containers, mtors). 

con tmninant levels to be- de-table limits. Define a process that w i l l  
render &pent items f i t  for unrestricted use or disposal. 

use or disposal. 

A flashing chmber at HWAAP was mdified to accQIlli(y3date the hot gas process. 
The same burner and afterburner that was used at conihusker AAp axe in use a t  
HWAAP. HWAAT? has a large store of equiprent and d t i o n  i t e m s  which require 
trea-nt. Test items have been selected fran SMAAP's stores, placed in the 
modified flashing chamber and treated w i t h  hot gas. 
highly con tam^-^ ' ted clay pipe remved from w h a t  was once the W e s t  Virginia 
ordnance Works. 

2. T e s t  the process on a variety of itans including intcicate equi.pEnt 

3. Determine the temperatures and treatmnt tines required to reduce 

4. Render large quantities of contaminated equipllent f i t  for unrestricted 

T e s t  samples also include 
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Test i t e m s  were  sanpled for explosives prior to testing. m u s e  of 1m Mels 
of contanuna ' tion, scrne items were  spiked w i t h  explosives, After testing, items 
m e  sampled for residual explosives. 

Ten test runs were conducted: nine tests evaluated the feasibility of the 
process on T W  and smkeless powder: ane test run &uaW amrx2i.m picrate, 
Ths m a t i n g  d t i m s  of the test runs m e  selected to fonn a 

ratwere idence tim matr ix .  ~hree tmpmtures were evaluated: 400%~ %, and 600 4 , The duration of tests evaluating TNT decontmnination was 
6 burs, 12 burs, 24 hours, or 36 hours (after reaching steady s-te). A 
residrrsce t3.m of 48 hours was amroniumpicrate; t h i s  
extended residence time (and a selected to ensure 
the decmtanination process would be c a q h b d  and to avoid ptential safety 
p l a n s  associated w i t h  partially decqrrp?osed d m  picrate (picric acid). 
To dgnvxlstsate the destructuxl ' and renrrval efficiency (DRE) of the process, 
stack testing was conaucted a t  the aftertxlrner inlet and outlet. Stack tests 
wre canduci-sd during the first three test runs for qlosives and snokeless 
paGLider ~ 

% hot gas process is effective for treating items contaminated w i t h  'IMI and 
ammnium picrate. Analytical results indicate that  tmperature is a key f 
jn explosives remwal. 
is required to remwe TNT be low -le levels on the treated 
Since relatively large tgoperature gradations were evaluated (5100 ".;. the 

effective operating tarq?erature may le -re betwen 400 and %?$-? Test itans that are txeated for 6 haurs a t  a minimin tanperawe of 
500% are not characteristically hazar&us and are appraprhte for disposal 

Items with contamma - tiononex- 
surfaces were generally the least difficult to treat; three failures were 
observed (ow. failure was associated w i t h  soil/debris in clay pipe). 
items w i t h  mtzimination on jntemal surfaces or w i t h i n  porous media pruved to 
be mre difficult to treat. 
residual rnncentrations were generally higher. 

Generally, itans constructed of steel or aluminm shcrwed no signs of damage due 
to -tment. For clay, haever, exposure to the hot gas resulted in cracks 
throughout the entire pipe sections. 
easily bmken. 
al- and have not intricate of mdmucal - conpanentsshcxlldbeagpropriate 
for reuse in  rmmfztming or hamUing operations. 

Due to the l imi-  testing on s ~ ~ k e 3 . e ~ ~  pck;der and the variability in pre-test 
i* contaminating, it is not possible to analyze txends in the data for 
slmkeless powder. The sampling and analytical Illethods €npluyed for 
determination of mkeless powder anissims in the stack gases (and presence of 
smkeless powder an test itans) wre &tennm& 
mthod did not a l low Nc and NG to be distinguished 
ather nitrated testers. 
smpling n d i a  my not have captured Nc and NG. 

Due to the Limited testing on smkless pawder and .i-he variability i n  pre-test 
i t e m  cantaminatian, it is not possible to analyze tsends in the data for 
&less pokier. 

T It was determined that a mininun tanperature of 500 
st items. 

or potentially for resale as scrap. 

Tes t  

Although three test items were observed to fai l ,  

The clay be can^ very brittle and was 
The treated test itans that are con_st5ucted of steel or 

* tobe-iate, The 
€rclnaneanotherarfran 

The stack s a m p w  protocol was also questionable; the 
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1 .  sanpling and analytical mthods enp?loyed for dekmination of smkeless 
povder emissions in the stack gases (and presence of smkeless @er on test 
items) viere determined to be inappropriate. 
t o  be distinguished fran one another or fran other nitrated esters. 
samplmg potocol was also questionable; the smqling media may not have 
captured IK and NG. 

B 
The method did not allow NC and NG 

The stack 

"T emissions fran the afterburner, as masured during the stack testing 
program were never above detectable levels. 
concentration was sufficiently high, the DRE exceeded 99.99 percent. 

Ih cases where TfJT inlet 

Canbustion efficiency of the afterburner ranged f m  99.9895 to 99.9933 percent 
during the stack testing program; efficiencies reflect the excellent 
performance of the afterburner. 

The emissions of particulate fran the afterburner, as measured during the stack 
testing program, ranged f r m  0.000017 gr/dscf to 0.00093 grldlscf (corrected to  
7 percent oxygen). Dnissions are orders of magnitude 1-r than applicable 
regulations. 

Einissions of carbon mnoxide and total hydrocarbons a t  the flash chamber inlet 
indicate that the existing air preheater a t  EasIAp is operating poorly. 
Emissions =re one order of magnitude higher than emissions associated with 
typical gas-fired heaters. 
ranged frm 98.95 percent to 99.72 percent during the stack testing program. 

Due to extended h e p q  and cooldown periods, it &s diff icul t  to evaluate the 
effects of the 600 F tes t runs.  During the 600 F tes t runs ,  before the 
steady state temperature was achigved, the system had opexated a t  conditions 
tha& were very similar to  the 500 F/6 hour test run. The results of the 
500 F/g hour test run indicate decontamination of TNT. 
the 600 F test run, the test items may have been adequately treated before 
the steady state tenperatme was even achieved. 

Canbustion efficiencies for the air preheater 

Therefore, during 
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