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LETTER FROM U S AIR FORCE REGARDING DEMONSTRATION OF SITE RESTORATION
TECHNOLOGIES NCBC GULFPORT MS
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U S AIR FORCE



REPLY TO 

DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS AIR FORCE ENGINEERING AND SERVICES CENTER 

TYNDALL AIR FORCE BASE, FL 32403 

DEC 13 1984 

ATTN OF: RDVW 

SUBJECT: Demonstration of Site Restoration Technologies at the Naval Construction Battalion 
Center (NCBC), Gulfport MS 

TO: Commanding Officer 
NCBC 
Gulfport MS 39501 
ATTN: Code 400 

1. HQ AFESC/RDVW and EG&G, Idaho, the Air Force prime contractor, have selected 
promising environmental restoration technologies for demonstration on the former 
Herbicide Orange storage site at the NCBC. Test plots at NCBC will be selected 
based on dioxin concentration and will be either 20 by 20 feet or 40 by 40 feet. 

2. The following technologies have been selected: 

a. Thermal desorption/UV destruction. 

b. High temperature fluid wall reactor. 

c. Chemical neutralization. 

A point paper is attached describing each technology. This specific effort does 
not include the joint AF/EPA test of the Alkaline Polyethylene Glycol reagent since 
it is covered by a separate program. 

3. These site demonstrations will be funded with monies from the Defense Environmen­
tal Restoration Program. Constraints placed on these funds necessitate completion of 
the site demonstrations by 30 Sep 85. In order to complete the proposed demonstra­
tions within the stated time line, it is imperative that subcontracts be awarded~ 
NLT 1 Feb 85. ..--/ 

4. Since the timing of this project is critical, it is imperative that HQ AFESC/ 
RDVW obtain the Navy's concurrence at the earliest possible date. Capt Stoddart 
will visit NCBC on 21 Dec 84 to brief the technologies selected. It would be 
highly desirable to obtain Navy concurrence at that time. 

ROB~;C;~~~ USAF, BSC 
Chief, Environics Division 

3 Atchs 
Point Papers (3) 



Technology Summary 

SITE DEMONSTRATION 
Thermal Desorption/U.V. Destruction 

The thermal desorption process involves passing the contelmindted soil through d thermal 
treatment unit operating at temperatures around 500°C. By the process of eVelporation, 
dioxin Jnd other organics are volatilized, collected in dn organic solvent, dnd 
destroyed by U.V. photolysis. 

Scientific Suppor~ 

The proposer of this technology h.\s conducted studies tildt indicate thc:tt at temperatures 
of 5000 C with a 30 minute residence time, 2,3,7,t5-'l'CDD is removed from soils to non­
detectable levels with detection level s ~;et ilt l(:~;~; than ')0 Pdrt~; per t ri 11 ion. 

The U.V. destruction of dioxin WilS proven to be feasible viel il full scole cleanup of 
still bottom wastes containing 2,3,7,8 'rCDD. The proposer of this demonstration states 
that the U.V. process is the only 'rCDD destruction process permitted on a commercidl 
scale. 

Description of Thermal Desorption Pro~~_~~ 

Contaminated soil will be collected, crushed to proper size if necessary, and plc:tced in 
storage drums. This mdterial wilJ be fed at a controlled rate by el screw feeder into d 
rotary drum unit that is heated on the shell of an external gas fired furnace. The drum 
rotation speed and slope are controlled to provide the required soil residence time. The 
treated soi 1 di scharged from the drum is collected in d closed rlrum. The ;-or) i] test feed 
rates probably wi 11 be in the relnge of 20 to r)o p()unc1s per hour. 

The rotary drum is kept unuer s] iqht neqdtive ple~;~->urc .Jnri i~; ~;w(>pt (:()rltjnu()u~;]y with d 

recirculated nitrogen gas stredm to carry off the desorberl rn.Jteridl,;. The carrier gas 
is quenched and scrubbed by a cooled, recirculated ,;trCdm (il ,J lligh I)()ilinr.j hydrocdrb()[. 
solvent to remove the desorbed m:lterials. Any build-up of thc" carrier q'l~; due tr) inleak­
age or soil material decomposition will be vented throuqh an dctivdtcd cilrbc)fl bed. The 
carrier gas will 31 so be mon i tared for oxygen content. So 1 i d r j ne~; th,d. U) 1 1 ect in the 
quench solvent wi 11 be f i] tereel for speZirat ion cll1d anal ys is. 

The hydrocarbon sol vent will accurnu 1 ate desorbed ma ter id I from ~~eVE'ra 1 d(~sorpll on tests 
before being processed for organic destruction. When the hydrocarbon solvent is adequate-
14 loaded, it will be batch processed in the UV photolysis rCdction by recirculation. 
Treatment time is expected to be ilbout ::'4 hours. 

After each desorption test, ilny accumu 1 ated wdter . i n the quench s() I vent wi] 1 be ,;eparated 
and treated with activated carbon. 

Quantity of Soil to be Tested 

- Rate of 20-50 Ibs/hr. 

- Between 1,000 and 2,500 Ibs of soil will be processed. 

-- Time on site, approximately 3 weeks. 

HQ AFESC/RDVW 
Capt Stoddart/AUTOVON Y70-2Y42 

12 Dec 84 



SITE DEMONSTRATION 
High Temperature Fluid Wall Reactor (HTFWR)-(AER)* 

Technology Summary 

The HTFWR uses a technology which rapidly heats feed materials to temperatures in the 
range of 4000° to 4500 0 F, with surface heating rises up to 107 0 p per second using 
intense thermal radiation in the near infrared reqion. Feed stock is isolated from 
the reactor core by means of a nitrogen blanket. Pyrolysis occurs since no oxygen 
is present. 

The solid feed is gravity fed through the redctor where pyrolysi:; occurs. After leclVing 
the reactor, the product gas dnd waste solids pdSS through d post-reactor treatment zone 
(PRTZ). Solid and gas phase residence times for both the reactor and the PRTZ car be 
independently varied to achieve essentially any desired destruction efficiency. The 
PRTZ is water cooled and provides additional residence time; tlowever, its primary func­
tion is to cool the mol ten soi 1 partiel es below the i r fll:) i on t.emperature to avo id 
coagulation in the treated solid waste bin and to cnol the (]d~; prior to r;c.)wnstream 
particle cleanup. 

The detoxified soljd materi.)l exiting the PHT7. is, for the mo~)t pdrt, co] lected in Cl 

sulids bin which is sealed tu the atmosphere. The off-gas i~; then conveyed tn a bag 
filter for removal of .)ny remLlining fine soil re~;idu<!1s. 

The process gas cleaning train consists uf dcti velted cdrbon beds for the rCrllr)'Jdl uf dny 
trace level residual chlorine or orgardcs. The cledlled gas (composed almost entirely 
of ni trogen dnd water vapor) is then emitted to the dtm()spherc~. The luw prr)cc;~;S (Jas 
flow rate (about 5 scfm) economically allows the lliqh deyree of clcunup th<Jt .i~ 

described here. 

Scientific Justificution 

The PCB Trial Burn, performed in September 1983, detoxified clpproxim(ltely s(;ven tons of 
solids. In this test, Arochlur l2()O was mixed with c;dnd to funn d ~::;()iirl feed 'N<lste 
containing approximately 3000 ppm PCBs. In May 1984, another test series was conducted 
using carlx:ln tetrachloride, a very refrC1ctory (i.e., hard to thermally destroy) sub­
stance, over a "",ide Ll.nge of test condi tions. In both of the above tests, no test 
yielded results below 99.99ijl) percent destructiun dnd remova1 efficiency (ORE). 

The AER h,}s also demonstrated its ability to rietoxify dioxin-contaminuted s')ils. In 
October 1984, the AER processed soils contaminated with a laboratory-prep<Jred, heavily 
chlorinated dioxin--octLlchlorodiiJenzo-p-uioxin (OCDD)--a surrugate for 'reDO. In 
November 1984, the AER detoxified soil contaminilted with the ~,3,7,8 tetrClchluro isomer 
of dioxin on locdtion in Times Beach, Missouri. In buth of these tests the results of 
the dioxin analysis for the treated soil ,H1cl stack gdse~ indicated that these streams 
may be considered non-hazardous; i.e., no dioxin WdS detected in any of the streClms. 
Typic.)lly, the solids detectioll limits wen: 0.1 ppi) for buth neDU (lfid 'l'C[)[). EI'A US(;:'; 

a 1.0 pl->b TCDD level for "delisting" dioxin soils. 

Quantity of Soil to be Processed 

- 1,000 Ibs 

Time on site, a maximum of 10 days. 

Process rate, 100 Ibs/hr. 

HQ AFESC/RDVW 
Capt StoddartfAUTOVON 97r 

12 Dec 84 
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(*l\ER =- .1\clvanced Electric I-ieactur. 
Term used same as HTFWH.) 



SITE DEMONSTRATION 

In Place Treatment by Che~jc~l_ Me~hods 

This in situ trctltment process involve~> the direct contact of the rllkdl inc Metal 
Polyglycoxide and additives to 2,3,7,8 TCDD. The strongly nucleophilic reagent 
displaces chlorine atums 011 the dioxin ring; lncrcdsing solubillty dnd cJecrcdsinq 

toxicity. 

scientific Support 

The abiJity (Jf sOl.1iurn :md p()LJHsium po]y:dkoxide:,; ctnd radical dcJc1itive~j to di~:ipl;:1ce 

ch}()rine :It('m,-; from ,lnlJTldtll' h,l1ides ~;uc11 .I,; polychl(lrini1tcd bjphenyls hd~; I,!,~~r:n 

rndU:rl.jl~; LnJrn thC' Jc:n\(~::.l pl.lTJt: of ~;l'V(':;', It,ily. 'l'11(::;e I('<let iiill~; pn)('(~(:d [1',',Jr <JTfliJieTlt 
cC'lld i ti uns, in the pre sence 0 f re.lsonaLJ 1 e conc(' nt r-:1 t ion,; 0 f W,J te r, d nd, rn(J~; t: irn[)( )rtdfl tl y, 
yielc: reaction products thJt arc nontoxic. 

The re:tqent consists uf three m,ljor cornponent~;: 

- A polyg]ycol copolymer of chtylene oxide (EU) ,1nd propylene oxicJe (PO) In the rJnge 
of rnoleculJr weight, i.e., <l sodium salt of a reagent of molecular weight: 6000 gives 
d llucleophi 1 ic displacement rdte about 10 t ime~> fd~;ter than tetraethylAnc q I yeo 1. The 
'Ji:;cusity uf the reayenl vdries with molcc;uldr weiiJllt SCJ that the redycnl CiHJ be addPU~d 
to tdsks that require varying degrees of penetration into sol id surfaces. For example, 
one of those reagents penetrates concrete and appedrs to be ~)ui ted particularly well for 
te~~ting on the coral rocks at JI. 

- 1\ bclse that may be W)ll (~-;(ldiurn or pULls~31um hycln)xide) or M~~C:03' the corresp(mdiny 
,;,lrbunLl te. 

- 1\ rddic,l1 sour,_:c ~Juch ,IS !;oc1ium peroxide cit l-r) percent w/w, 'H ultr,lViulet rGldi<Jtion. 
In the case of redctiuns wi th !:;ol ids, penetrati nq dqents such ·is those used in pest icide 
fonnulations arc dddcd. 

Destruction of Polychlorinutecl Biphenyls (PCBs) -- Sixteen rnl c)f mineral oil contClininq 
~:(),OOO ppm PCB was pLICcd into ;1 SO-ml fLl~>k. T() tile ~;()luti()rl, TTldlntaifled at F~5°, was 
.ldded 2.0 9 of carbowdx-hOOO, O.S g of potdssiulTl Ldrbon,lte, dlld 0.) 'J of ~;c)diurn peroxide. 
The mixture W.:1S stirred mdCjllclicd]ly for 3 hours, (;uu]cd, dncl eJn,ilyzecJ by capillclry ee/ 
[c. The rcsjdual PCB conl'erttr,Jti,)1l W.l!j ')5 l)pm, .1 n·ductiCHI 'If ')C). I) fJL~rcc:nt. 

In imilar experiments, 0.] ml (4 percent) alld 0.3 rnl (1 J pcrcent) of WLtter 'vIhS .:.tdrled. 
The add it ion of 4 percent () f Welter to the reagent hile] 1 itt 1 e effect on the react ion 
rate, yielding a residual PCB concentration of 140 ppm, a ~~.3 percent reduction. The 
addition of 11 percent wLlter to the reagent decrcdscd the r-eclction rate UJ yield a 
residual PCB concentration of 1380 ppm. !lowever, ~3.l percent reduction wa~; (~ffected. 

Destruction of TCDD in Solvent -- 1\ t;olutiCJll uf 4.0 ml of n-d(~c<Jnc (~')lltdining 4 ppb of 
:>.,3,7, B-TCDD WdS st irred for 2 hours at R5 ° in the presence () fl. 0 9 of carbowJx-COOO, 
O.~ q of pc,tassiurn cclrbonate, and 0.1 9 of socljum peroxide. l\flcllysis by C;C-MS detected 
no residudl TCDD, a dc~;truction of ()(3 percent. These ddta confirm that 'rCDD decomposi-
tion occurs readily at SUo in solution but that room'temperature redctions are slower 
as expected. 



Destruction of TeDD in Solids -- Destruction of TeDD in solids by the AMPA reagent has 
been tested on contaminated metal pipe and soil from Seveso. A piece of pipe, 4 inches 
in diameter and 4 inches long, from the discharge of the Icmes() pL:mt vent condenser, 
showed brown incrustration on the inner surface and contained 3.73 ppm TeDD plus 
trichlorophenol and other reaction products [rom the exothermic reactiorl. The pipe 
was immersed in a vessel containing 400 g of AMPA redgent. The mixture W(JS stirred 
by ultrasound for 5 hours at 55°. At the end of this period, the pipe's visible 
incrustration had disappeared, and the total residual TeDD concentratiun WdS 0.09 ppm, 
a destruction of 97.5 percent. 

~;oil from Seve so Zone A, 2b3 g, containinq 513 ppt of TeD!), was stirred with ')77 g of 
AI1PA reugent for 6 hours at 85°. The soil's dioxin concentration was 97 ppt, 8] percent 
destruction. 

Feact ion Products Knowel dge 0 [ react ion product:'j dnd the i r tox i c() 1 oq j Cd 1 env irnr:mental 
inlpact is crucial to ,IllY c:Uoxill de~;tructL()1l pr()C(~~;~j. 

T(, ,l mixture of 12. I) q of AMPA re,lqent "t HOD WdS iHldec1 2 rnq of TCDD. :;dmples were 
tclken at 5 minutes, ,mel. 1,2,3, and I) huue; for dl~mic(t! dTldJ'jsis, (Jnd elL (JO, ]05, dnd 
300 rninutes for toxicological analysis. 

Chern ical ana 1 ysis after 5 mi nutos () f redcU OTt ~,;howed product~; () f progress i vo dech lor i-
nation, moni -, di-, clnc1 tr ich lorod ibenzod i ox in~:; plus TeDD. A iter one hour, trace amounts 
uf chlorinated dioxins were observed ill ddditiun to Iluflchl()t inc contctining I~e<Jk:) at m/~ 
C47 and 662, presumdbly glycol condensation products. Thus, the reaction Clppears tu 
proceed by two pahtwdYs, reductive dechlorination presumably via radicCll intermediates 
and nucleophilic substitution presumably via ,llkoxicles. 

Toxicologiccll testing WilS cilrried out by II. [Joiqer at the I"erieral Institute of Technology, 
SvJitzerL'.nd, usinq mdle guined pigs. I\llim(d~; w(~re do~;ed I)y (JdV)}(Je, w(dqliccl itt dfJpuJpri­
dte intervals, and checked for toxic ~;ign~; befurc dnd after sacrificing. The conclusic)ns 
from tJlis experirn(~nt Llre: 

"Nei ther the typical signs of intuxicdt iOIl with eh lor i lI<1tcd dioxi n~;, j j kc n~L.lrcliJ tion r)f 

gr,-)wth or decreilsed tllymu~, weight, nor other tuxic ~·;iqns werc' ob~Jerver1 within t-_he experi­
mental period. This WdS dt do('s 1evel!> of 431 LInd CfJl cmq (if "'I'CDD-(~(1Uiv(dcnts"/kCj body 
weight. The acute toxicity LDSO TeDD in tlie guilled pig i~; dt approximatedy 1 cmg bw 
(0.6 dnd 2 cmg bw hLlve been reported). III view () [ th is db~;ence () f dny ~; iy n 0 f ( .• cute 
toxicity Clt 431 Llnd 661 fo1d cl()~~e level (of the cleqr;tc1iltion products) it can be assumed 
that the LCSO of these products is higher than ()()O cmg/kg bw." 

These results demunstrllte ~;ignificant decn:~"se ill toxicjty of TCD[) UP(Jfl tY(;{ltment with 
j\MrA reagent. 

V-II) x 20 foot plot 

Time on site, approximately 30-45 days. 

H'~ l\FESC/RDVW 
Capt Stoddart/ i\UTUVUN l)'70- ~;')42 

12 Dec 84 


