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Progress Report May 30,1995 

Executive Summary 

We have proposed that LANL demonstrate a treatment technology to remove and treat hazardous 
organics from spent granular activated carbon (GAC) Approximately 74 tons of GAC, used for 
pond water decontarmnauon and OU2 remediation activiues, are now stored at RFETS awamng 
treatment for disposal or reuse Existing steam refomng techques (e g Synthetica) whle able 
to volitillze entramed orgmcs, are unable to destroy them, and produce large quanuues of 
secondary waste water What is needed is a technology that can both separate the hazardous 
compounds from the GAC matnx and destroy them whde producing a mnmum of secondary 
waste Addiuonally the technology must be able to handle the trace amounts of radioactive 
matenals present and respond to local stakeholder concerns The technology proposed combines 
convenuonal carbon regeneration with a novel off-gas treatment technology based on plasma 
produced l'cold-combustion'l Ths  report summarizes acuvities under phase I of the program 
Ths work includes a techcal  review to detemne the applicabihty of the proposed technology to 
the specifics of the RFETS GAC, a prelirmnary regulatory analysis of the pondwater and OU2 
GAC, and a conceptual design of a full scale system suitable for operauons at RFETS A bnef 
summary of these findings follows 

Svstem Design The proposed technology, low temperature (200°C) GAC regeneration followed 
by non-thermal plasma destruction, is technically sound Bio-mass accumulation can be 
accommodated Analytical data provided by RFETS on the compounds conmned in the GAC 
show no techca l  show stoppers withn either the regeneration or plasma stages The key 
technical issue that can be resolved in phase 2 is the efficiency of the system 

Regulatorv Analv sis A survey of the regulatory dnvers has idenufied several key questions that 
need to be answered before a final analysis can be made A real deterrmnauon by CDPHE and 
possibly EPA must be made concemng whlch, if any, of the GAC is controlled under RCRA 
E T S  rmght successfully argue that the treatment units at A 4  (outfall 005). B-5 (outfall 006) and 
C-2 (outfall 007) are regulated under the Clean Water Act With regard to the 70 ton pond GAC, 
RCRA exclusions exlst for waste water discharge upstream from Pond B-5 Arguments can be 
made that the GAC used to treat these wastewaters is RCRA exempt However, the same GAC 
was also used to treat surface water flow onginating in Operable Units If CDPHE or EPA decide 
to regulate ths  surface water as contmnated media, all or part of the GAC may be designated as 
listed hazardous waste A ruling along these lines could potenually impact the status of wastewater 
discharge from RFETS Interagency Agreements may overnde these RCRA designahons 
Prelimary exammauon of analpcal results indxate that the GAC meets LDR treatment standards 
for hazardous waste found at 40 CFR 268 40, although no evaluation was made regarding the 
validity of the results Addiuonal tesung may be required A prelirmnary waste code of Fool has 
been identified by RFETS for the 4 tons of GAC generated from OU2 achviues Our prelirmnary 
assessment is that the 4 tons are lrkely to contam other listed consutuents Pre lmary  exarmnauon 
of analpcal results indcate that all the GAC may meet LDR treatment standards for charactenstic 
waste found at 40 CFR 268 40 Adluonal testing may be requlred In accordance with 40 CFR 
261 3(c)(4) regenerated GAC can be reused without further RCRA Subutle C regulation untd it 
becomes spent matenal that must be regenerated agam or lsposed of 

Conceutual Design, The sitmg requuements are reasonable and a trader mounted system is 
feasible 
unusual uthties are requlred and the estimated footpnnt is 1000 to 1600 sq ft With adequate 
support, a woriung system can be delivered to RFETS in FY96 

Estlmated costs for a 100 lb/hr system are 263k$ capital and 261k$ operaung No 
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I Introduction 

The proposed system combines a well charactenzed and commercially avadable technology to 
regenerate spent granular activated carbon (GAC), with an emerging and environmentally fnendly 
advanced oxldahon technology (AOT) to treat off-gases It is our design phlosophy that is 
advantageous to destroy any hazardous vapors as they are generated, and without the addition of 
any fuels or oxidants The use of commercially avadable "low-temperature'' carbon regeneratlon 
allows for cost effective and dependable processing of the spent GAC GAC throughput, system 
costs and the demonstrated ability of thls technology to handle "bio-fouled" carbon reduce nsk 
Non-thermal plasma (NTP) off gas treatment offers several advantages 1- It is a robust 
technology, requinng no added fuel, mnimzing secondary waste Toxlc off-gases generated from 
the GAC regeneration process are immediately treated, simplifying dlsposal and removing storage 
and transportahon expenses 2- Since significant water remams in the GAC canisters, the 
efficiency of thermal treatment umts is reduced, h s  water will enhance removal rates w i h  NTP 
reactors since the water is dissociated to form useful OH radicals 3- The NTP system can 
function in a wide range of off-gas conditions from an oxygen nch (u-llke) to an "inert" gas 
matnx, increasing system flexlbility and simplifying the possible implementahon of a closed-loop 
design NTP has demonstrated efficient destruction of VOCs to levels below 20 ppb 4- 
Ongoing demonstratlon of low temperature thermal desorption (at RFETS) and soil vapor 
extraction (at industrial and DoD sites) using a LANL NTP reactor will assist in cost effective 
prototyping and if necessary, since the Colorado Department of Public Health and Environment 
(CDPHE) has already been briefed on NTP, reduced perrrutting times 
A two phase project has been agreed upon by EG&G and LANL Here we descnbe the results of 
phase I Thrs prelirmnary analysis, or reality check, of both techrucal and regulatory issues has 
demonstrated that the technology is capable of treatlng the spent GAC now stored at RFETS The 
figures referenced in thls report correspond to the presentation graphlcs (I e transparencies) 
distnbuted to RFETS earlier 

I1 Regulatory Issues/ Needs 

We currently believe that there are three RCRA related issues Fmt, does the GAC currently meet 
Land Disposal Restnctions (LDR) standards? Second the specific charactenstics of the pondwater 
(70 tons) and OU2 (4 tons) GAC And thud, are there any impedments to reuse? 

11-1 Land Disposal Restrictions (LDR) Issues 

In order to evaluate whether or not the granulated actlvated carbon (GAC) meets the LDR 
standards, one must consider first how the GAC could become regulated under the Resource 
Conservauon and Recovery Act (RCRA) Once it is estabhshed that the GAC is indeed regulated 
under RCRA, allapplicable waste codes must be assigned to the waste in order to detemne whch 
LDR standards apply Of the 74 tons of GAC in question, some was used to treat envlronmental 
me&a (OU-2 GAC) and some was used to treat envlronmental meda andor effluent from the 
Sewage Treatment Plant (70 ton GAC) Apphcable regulahons include 

EPA's Contatned-In policy 
The contamed m policy covers envlronmental media whch has been contarmnated with RCRA 
waste Both surface water runoff and groundwater are considered by the Envlronmental Protection 
Agency (EPA) to be envlronmental medla (57FR 986, 1/9/92), 65FR 63850, 12/5/91,57FR 
61497, 12/24/92) Environmental media contarmnated with a RCRA hazardous waste must be 
managed as if the media were a hazardous waste untll it no longer "contams" the hazardous waste 
Envlfonmental media contmng a charactenshc hazardous waste remans a charactenstx waste 
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unul  it no longer exhbits the charactenstlc Envlronmental meda contamng a listed hazardous 
waste remains a listed waste until it no longer contams the listed waste Surface water runoff into 
the A, B, and C senes ponds and OU -2 seep collection pond will be considered to be 
contarmnated media if i t  is detemned that the water contans a listed waste or the water is in itself 
charac tenstically hazardous 

The Denved-from rule 40 CFR 261 3(c)(2)(i) Any solid waste generated from the treatment, 
storage, or disposal of a hazardous waste is a hazardous waste Residues (e g GAC) denved 
from the treatment of charactenstic wastes are only hazardous if they contmue to exhbit a 
charactenstic Residues denved from the treatment of listed wastes reman hsted wastes 

The Mixture Rule 40 CFR 261 3(a)(2)(iii-iv) In general, a solid waste that is rmxed with a 
charactenshc hazardous waste remans hazardous only if it conmues to exhlbit a charactensuc If 
a solid waste is rmxed with a listed waste, the resulting mxture will reman listed 

11-2 Overall Approach to Waste Characterization 

40 CFR 262 11 requlres a generator of a solid waste to deterrmne whether or not the solid waste is 
a hazardous waste according to a specified herarchy The generator must d e t e m e  if the waste is 

1 
2 
3 

excluded from hazardous waste regulatlon, 
listed in Subpart D of 40 CFR 261 (listed waste), and 
listed in Subpart C of 40 CFR 261 (charactenstic waste) 

The generator can de temne if the waste is charactensuc by applying knowledge of the hazardous 
charactenshc of the waste or by tesung uullung specified methods Thls hlerarchy will be used to 
evaluate the regulatory status of the GAC as follows 

II-2-A 70 Ton GAC Hazardous waste deterrmnahon for residue resultmg 
from wastewater treatment 

Exclusions 

The following exclusions could be used by RFETS to prevent the appiicahon of hazardous waste 
hsmgs via the rmxture rule to A and B senes GAC from waste water treated at the sewage 
treatment plant If these exclusions apply to the wastewater, then the exclusions will apply to the 
treatment residue (GAC) 

Domestlc Sewage Exc lus10q 

40 CF‘R 26 1 4(a), Matenals whch are not sohd wastes “Any rmxture of domesuc sewage and 
other wastes that passes through a sewer system to a publicly-owned treatment works for 
treatment “Domesuc sewage” means untreated smtary wastes that pass through a sewer system ” 

In the Federal Fachty Comphance Act of 1992, Congress amended RCRA such that the domestlc 
sewage exclusion apphes to Federally Owned Treatment Works (FOTW) as long as 

1 
2 

3 

the sewer contams untreated san~tary waste 
the fachty comphes with apphcable pretreatment standards (If there are no pretreatment 
standards, the waste must meet Land Disposal Restnchons pnor to entry into the sewer ) 
each generator of the hazardous waste (defined as “person” or “household”) adds to the waste 
stream no more than 100kg/mo or lkg/mo of acutely hazardous waste 

J J Coogan, et at, page 4 
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The Act language also states that it is unlawful to introduce a hazardous waste into an F O W  One 
could argue that as long as numbers 1-3, above, are adhered to, hazardous waste introduced to an 
FOTW would cease to be solid waste and therefore could not be hazardous waste 

The codified language at 40 CFR 261 4(a)( I)(ii) defines “domestic sewage” to mean “untreated 
sanitary wastes that pass through a sewer system ” However, a judge in Federal Distnct Court 
(Puerto Rlco) ruled that domeshc sewage must come from residences in order for thls exemption to 
apply On the other hand, Pantex has found a way to use ths exclusion RFETS will have to 
make a deterrmnauon regardrng the utdity of h s  exclusion in hght of waste streams generated and 
overall waste management strategies at the plant 

Wastewater Discharge Exclusion 

40 CFR 261 3(a)(2)(w) Definitlon of a hazardous waste “A solid waste, as defined in 261 2, is a 
hazardous waste if it is a rmxture of solid waste and one or more hazardous wastes listed in 
subpart D [unless] the generator can demonstrate that the rmxture consists of wastewater the 
discharge of whch is subject to regulauon under either section 402 or secuon 307(b) of the Clean 
Water Act ” 

The Preamble to the May 19, 1980 Federal Register (Part Et, Identificauon and Listlng of 
Hazardous Waste) discusses applicauon of the wastewater discharge exclusion in light of the 
RCRA statute and legislative hstory (45FR 33098) EPA defends RCRA junsdiction over 
industnal wastewaters pnor to discharge and defines “discharge” as a term of art under the Clean 
Water Act (CWA) refemng only to-“the addmon of any pollutants to navigable waters ” 

It appears as though th~s wastewater exclusion could be used to elirmnate potentlal hsted waste 
codes from the 70 Ton GAC only if the A-senes and B-senes ponds are considered navigable 
waters of the Uruted States 

Listed Waste Deterrmn auoq 

RFETS Surface Water and Smtary Waste Operations groups enforce admstrauve controls to 
prevent introductlon of hazardous waste into the Sewage Treatment Plant Assurmng RFETS 
chooses not to utilize either of the exclusions discussed above, to detemne if any listed waste 
codes could be applied to the 70 ton GAC from the STP waste water effluent, RFETS could rely 
on in-place admuustratlve controls to argue that no hazardous wastes are treated 111 the STP 
Otherwise, RFETS must evaluate potentlal listed waste streams (such as P or U wastes) and test 
the 70 ton GAC for the specific regulated hazardous consutuent(s) found at 40 CFR 268 40 for 
each listed waste Under RCRA, any known introductions of hsted waste into the Sewage 
Treatment Plant must be apphed to the GAC 

Cham ctenstic Waste De t e m n  aooq 

Analytical results show that the 70 ton GAC meets LDR standards for TC charactenstlc waste 
(D004-DO43) A process knowledge deterrmnauon for the charactenshcs of igmtabhty, 
corrosivity, and reactivity should be sufficient to elimnate a D001, DoO2, or D003 waste 
designatlon 

Conclusion With respect to the D O ~ O  n of the 70 ton GAC used to treat waste water effluent from 
the Sewage Treatment Plant, it meets the LDR standards for charactensuc wastes If RFETS 
m m t m s  that adrmmstratlve controls are sufficient to ehrmnate rntroductlon of hsted waste mto the 
Sewage Treatment Plant and there have been no accidental dscharges of listed wastes into the 
plant, then the portlon of the 70 ton used to treat wastewater effluent does not need to meet any of 
the LDR standards for listed wastes 

J J Coogan, et at , page 5 
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II-2-B 70 Ton GAC Hazardous waste deternunation for residue resulting from 
treaung contammated media 

Surface water runoff into the A, B, and C senes ponds will be considered to be contarmnated 
media if it is detemned that the water contans a listed waste or the water is in itself 
charactensucally hazardous 

Exclusions 

None applicable 

Listed waste deterrmnatlon 

A techcal  venficatlon is needed whether or not listed constltuents from IHSS’s could have 
unpacted the contarmnated media collected at the ponds If CERCLA investlgatlons mdicate that 
listed constituents were present in the pond water, then RFETS must test the 70 ton GAC at a 
mnimum for the specific regulated hazardous constltuent(s) found at 40 CFR 268 40 for each 
listed waste EPADCHPE could requlre applrcatlon of the F039 waste code to GAC if more than 
one listed waste is identlfied Ths waste designation could prove problematic from the stand point 
that environmental media (not the GAC) could easily remam subject to RCRA regulation after it 
passes through the GAC unit because the GAC cannot remove F039 constituents The F039 waste 
designation requlres analysis for a large (up to 200) number of constltuents 

If the results of the techcal evaluatlon indxate that no listed waste mpacted the pond water, then 
the GAC is subject to charactenstlc waste deterrmnatlon only As stated below, the GAC meets the 
LDR standards for charactenstlc wastes However, as for any process knowiedge/acceptable 
knowledge deterrmnatlon, RFETS must be correct, and keep at the f a c ~ t y  documentauon 
substantlating ths  deterrmnatlon 

If the results of the technical evaluatlon are mconclusive, RFETS may go to EPNCDPHE and 
request that the contarmnated m e l a  be considered charactenstlc waste only (55 FR 8758) 

charactenstic detemnatloq 

Analytical results show that the 70 ton GAC meets LDR standards for TC charactenstlc waste 
@004-D043) A process knowledge deternunation for the charactensacs of igmtability, 
corrosivity, and reactivity should be sufficient to eimnate a DOO1, D002, or D003 waste 
designatlon 

conclusion If the techcal evaluatlon shows no hsted hazardous waste unpacted the pond water, 
or The EPNCDPHE detemne the contarmnated media can be managed as a charactenstic waste, 
the 70 ton GAC meets LDR standards 

Xt-2-C OU-2 GAC Hazardous waste detematlon for residue resultlng from treating 
contammated medta 

Exclusions 

none apphcable 

J J Coogan, et al , page 6 
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Listed waste detemnatlon 

RFETS personnel have indicated that the pnmary source of contammatlon of the OU-2 pond water 
IS Pad 903 The site was used from 1958 to 1967 to store drums contarung machne cutting oils 
and solvents A prelimnary waste code of FOOl has been applied to the OU-2 GAC Review of 
Approved Procedures and interviews with RFETS and LANL personnel confirmed the FOOl 
listing, provided that 1,l ,-trichloro-l,2,2,-tnfluoroethane (a potential F002 listed waste) was not 
used for its solvent properties Small amounts of F003 listed solvents (acetone and methanol) 
were also used in clemng operations 

Analysis results provided showed levels of FOO1 constituents well below the LDR treatment 
standards However, F002 and F003 constituents were not analyzed RFETS must get a 
deterrmnatlon from EPNCDPHE as to whether all regulated hazardous constltuents hsted in 40 
CFR 268 40 for F001-FOO5 waste must be analyzed or if only those constituents attnbuted to the 
FOO1 and F003 listings are appropnate 

Hazardous waste deterrmna tion 

Analytical results show that the OU-2 GAC meets LDR standards for TC charactenstic waste 
(D004-D043) perhaps with the exception of DO15 and DO17 (Th~s is not to say that the TCLP 
values were exceeded for these constituents These constituents may have been analyzed and 
reported under a different name) A process knowledge detemnation for the charactenstics of 
ignitability, corrosivity, and reactlvity should be sufficient to ehrmnate a DOO1, D002, or DO03 
waste designation 

Conclusion At a mmmum, F003 and perhaps F002 constituents should be analyzed If the 
analysis for the other constltuents was performed by mass spec, the analytlcal laboratory may be 
able to reevaluate the analysis results aganst thelr hbrary and report concentrahons for the mssing 
constltuents It is llkely that the analysis will show levels below the concentratlons specified and 
the OU-2 GAC will meet LDR standards Secondly, further analysis may indicate that other listed 
consatuents from MSS’s impacted the contarmnated media If so, the F039 waste designation 
could be applied (see above) 

11-3 Reuse of Carbon 

There are regulatory advantages to onsite regeneratlon of the GAC40 for reuse CFR 
261 3(c)(2)(1) states that matenals reclamed from sohd wastes and are used beneficially are not 
solid wastes and hence are not hazardous wastes under the denved from rule unless the reclamed 
matenal is burned for energy recovery or used in a manner constltutmg dsposal Onsite 
regeneration for reuse therefore avoids many of the issues just dscussed 

In accordance with 40 CFR 261 l(c)(4) A matenal is “reclauned” if it is processed to recover a 
usable product, or if it is regenerated Examples are recovery of lead values from spent battenes 
and regenerahon of spent solvents Further, EPA defined reclauned matenal as follows “ We 
defined “reclamahon” to constltute either regeneratmg waste matenals or processmg waste 
matenals to recover usable products In essence, reclamahon mvolves regeneratlon or matenal 
recovery Wastes are regenerated when they are processed to remove contaminants in a way that 
restores them to thelr usable ongmai conltion ** (50 FR 633, 1/4/85) Regenerated GAC can be 
reused without further RCRA Subtltle C regulatlon untd it becomes spent matenal that must be 
regenerated agan or disposed of 

This work directly addresses several Rocky Flats strategic objectlves ObJ #1 Rapid 
implementauon of th~s technology will enable the m e l y  lsposal of wastes in a cost-effectwe and 
envlronmentally responsible manner The off-gas treatment system has already been granted a 
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RCRA waste treatment facrlity perrmt from the state of New Mexlco, greatly reducmg the time 
required for a local pemt During public comment on tius perrmt, feed back from local 
stakeholder groups about non-thermal plasma processes was very positive obj #3 Public nsks 
are reduced by the implementation of a closed-loop process design whch elirmnates uncontrolled 
stack emssions (including both hazardous chermcal emssions and rad lofting) through the 
recycling of exhaust gases 

IV GAC Regeneration Technology 

The GAC regenerahon sub-system will remove organic contarmnants from the carbon matnx to 
either improve the effectmeness of the carbon for future use or prepare the carbon to meet land 
disposal resmchons Commercial systems are avadable that can handle both the chemcal (target 
orgmcs) and physical (water content, bio-mass) charactenstics of the pondwater and OU2 GAC 
Several configurauons are avsulable, includmg rotary lulns, vertical furnaces and tray lulns (see 
FIGURES 10, 11, 12, 13), but all share the same basic layout Flrst a feed mechamsm delivers 
the GAC at a controlled rate Thls allows for steady state operatlon and sunplifies the mantenance 
of a constant temperature Second, the GAC is moved through a heated chamber to vaponze the 
water and volitilize the organics Thud the off-gases are vented, and the dry, clean carbon is 
collected The mmmum required temperature is deternuned by the boilmg point of the target 
organics Analysis provided by RFETS show the pnnciple organic contarmnants to have boiling 
points below 150°C One exception is pentachlorophenol, found in al least one sample, with a 
b p of 309 "C See table below 

Compound 
acetone 57 1200 

Boiling point (b p ) "C ppb in TCLP sample 

methylene chlonde 40 
1,2 dichloroethane 84 
chloro phenylmethyl phenol 100 
dodecanoic acid 131 
pentachlorophenol 309 

150 
80 
50 
50 
80 I carbontetra&onde 77 none detected 

TABLE 1 
I 

Higher temperatures (600-700°C) are only requlred when one needs to "reactivate' the carbon 
T h ~ s  process selectlvely enlarges the pores of the carbon to increase its absorphve capacity After 
several low temperature regenerauons the capacity of the carbon to trap orgmcs will have 
decreased and it will be necessary to "reachvate" the cleaned carbon before it can be reused It is 
therefore deslrable that the carbon regenerator have the capabhty to operate at a range of 
temperatures from 150 to 700'C W e  each of the 4 commercial U N ~ S  can be engmeered to meet 
ths  specificaoon, our recommendahon is the lower cost rotary luln A schemahc of the proposed 
regeneration umt is shown in FIGURE 14 

System throughput is easlly calculated, see FIGURE 16 Smce most of the off-gases are produced 
from vo1itllU;mg water into steam, the water content of the GAC is an lmportant engmeenng 
parameter Data provided by RFETS show that water content vanes from 40 to 42% (that is 60% 
solids) Therefore a 100 lb per hour system, operating at 175'C, will produce 40 lbs of steam (35 
scfm) and 60 pounds of clean dry carbon per hour After the steam is treated in the NTP system, 
the water can be either condensed, resultmg in an easily controlled exhaust stream of only a few 
slpm, vented up a stack, or our preferred option, recycled 

GAC regeneration is a mature, rehable technology It is well established that it is able to handle 
both the chemcal and physical properties of both the pondwater and OU2 generated GAC What 

J J Coogan, et a1 , page 8 
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IS laclung IS an off-gas treatment system optmzed for the hgh water vapor content gases 
generated by the regeneration process 

V Introduction to Non-thermal Plasmas 

Non-thermal plasmas (NIT) have demonstrated destruchon and removal efficiencies (DRE) from 
95 to >99 999% for such ubiquitous solvents as TCE, TCA, and PCE dunng field 
demonstratlons Laboratory tests (imtially performed under a Rocky Flats incmerator alternauves 
imuatlve), have measured simlar removal rates for a range of chlonnated solvents, PCB surrogates 
(&chlorobenzene), carbon tetrachlonde, p-cumene, benzene, toluene, xylene (BTX), SOX, NOx, 
and CFCs Operating at ambient temperatures and pressures, NTPs generate copious quantlties of 
hghly reactive free ra&cals whch rapidly and efficiently dissociate hazardous orgamcs In humd 
au steams, for example, chlonnated solvents are oxldlzed to produce carbon domde, water and 
hydrochlonc acid LANL's NTP reactor is the off-gas treatment sub-system w i h n  a two-stage 
technology whch has received the first RCRA RD&D p e n t  from the state of New Mexlco 
(Fmt # NM0890010515-RDD1) 

The use of plasmas can provide an efficient way to produce the free rachcal concentrahons requued 
for complete destructlon of waste Plasmas can generate very energetlc ("hot") electrons (typical 
energy range of 1-10 eV), whch are very efficient at creatlng free rad~cals (includmg atomc 
oxygen and hydroxyls) without adding the enthalpy associated with very hgh gas temperatures 
Thus, reaction rates associated with temperatures of 10,000 K to 100,OOO K can be realized whde 
the actual gas temperatures remanear  ambient These "cold plasmas" can be very energy 
efficient for waste destructlon because most of the work goes lnto enhancmg the chemsuy without 
sigmficantly rasing the gas temperature and without addmg adhtlonal fuel to the process 
Addmonally, these system requue no added fuel or oxldants The radicals are generated from the 
constltuents already withm the off-gas For GAC regeneratlon, steam provides the raw matenals 
for the producuon of hydroxyl (OH) radicals whch aggressively attack organic contarmnants One 
of these "cold plasma" processes, the silent &scharge plasma or SDP, offers supenor treatment 
capabdities compared to other cold plasma techmques (corona for example) 

Sllent discharge cold plasmas are commonly produced with near-atmosphenc pressure bscharges 
called dielectnc bamer or silent dscharges Typically, one or both electrodes are covered with 
dielectnc layers (e g , glass), whch separate them from the gas (see FIGURE 20) Ths  
arrangement is an old one, first employed by Siemens in 1857, and stlll used today for the 
mdustnal production of ozone At gas pressures of 1-10 atmospheres and gap spacmgs of a few 
mdhmeters, without the dielectnc a few locallzed mtense arcs would develop in the gas between the 
metal electrodes With a helectnc and the apphcabon of alternatlng hgh voltages (50 or 60 Hz 
power frequency to tens of lulohertz), substantlal quantltles of plasma are created by a large 
number of "rmcrodscharges" in the gas, whch are statlsucally spread ln space and tune, fillmg the 
reactor volume Because of the short duratlon (a few nanoseconds) of the rmcrochscharges and the 
low ion mobhom, electncal energy in sllent discharges is pnncipally coupled into electron 
channels - electrons, ions, and gas do not equilibrate - so the electrons are "hot", whle the other 
species are "cold 'I Thls results 111 a very efficient transfer of electncal energy to electromc 
excitatlons of molecules and/or chemcal processes m the plasma, whde the temperature of the bulk 
m d u m  r e m s  at ambient temperature The abhty to -tam a chscharge does not depend 
lughly on the compositlon of the feed gas (nebulned orgmc or aqueoudorgantc mxtures) and 
requires no added fuel Smce most of the electncal energy goes mto free rachcal formation and 
very httle mto heatlng the gas the process has demonstrated very hgh destructlon efficiencies 
yielding very attractlve econormcs of lulograms of waste destroyed per kW-hr of electncity 
consumed Secondary waste streams typically contam the completely o m h e d  products of the feed 
constltuents, pnmanly C02 and H20, with HCI from chlorocarbon waste 
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Progress Report May 30 1995 Granular Activated Carbon - Phase 1 System Evaluation 

In field tests, conducted at DOE s Savannah fiver Site (FIGURE 21) the output from a vapor 
extractlon system containing from 700 to over 4000 ppm of PCE, TCE and TCA was treated wlth 
DRE's ranging from 95% to 99 9999% Additional filed dernonstrahons are planned th s  summer 
at Tinker AFB, and t h s  spnng at a semconductor fabncatlon facility The technology is cost- 
competitive, and will prepare for the advent of even more stnngent a . ~  pollution regulations SDP 
has also been identified as an offgas treatment withn the FFCA for DOE'S EG&G Mound facility 
where SDP will be part of a facility treating a rmxed PCB/tntium waste stream TSCA perrmts will 
be subrmtted next spnng As part of the LlTD demonstration at RFETS, NTP has already been 
reviewed by the Colorado department of Public Health and Environment (CDPHE) (FIGURE 22) 
Additionally, upon completion of both techmcal and public reviews LANL's NTP system has 
received a RCR4 RD&D permit from the New Mexlco Envlronmental Department Recently a 
commercialization workshop identlfied industnal partners to begin productlon of thls equipment 
The technology can help address Rocky Flats compliance needs in a tlmely, cost-effective manner 

In phase II of t h s  effort, several issues related to SDP treatment of off-gases generated from 
regenerauon of activated carbon will be specifically addressed For steam based regeneratlon 
schemes, the behavior of the discharge with h g h  concentrations of water vapor will be explored 
We predict very h g h  productlon of OH radicals from the dissociatlon of H20, but specific 
measurements are requlred to specify a full scale system Sirmlar tests could also be done using 
hot mtrogen regeneratlon schemes We predict less efficient volatdlzatlon of organics from the 
carbon, but other advantages, such as a simplified closed loop design, may rmtigate this problem 
The metncs for final system design will be dependability, efficiency, and final waste form Rocky 
Flats ER and WM personnel will be consulted to ensure the final design meets thelr needs 

V Conceptual Design of "full-scale" System 

The following assumphons have been made 
74 tons of feed matenal (GAC plus water) 
Thermal oxldation (1 e mcmeration) is not acceptable 
Technology must meet stakeholder and RFETS concerns for on-site treatment 
Reasonable footpnnt and utility requlrements 
Implementation withln FY 96 or 97 (scale dependent) 
Acceptable to CDPHE (if pemttlng is requlred) 

A flow diagram of the proposed system is shown in FIGURE 25 Spent GAC is fed from a 
storage bin into a rotary luln operatmg at 125 to 250'C (dependent upon the target compound with 
hghest b o h g  pomt) The kdn vohtdlzes both the water and the orgmcs contamed in the GAC 
Off gases composed mostly of steam are sent m e d i a t e l y  rnto a non-thermal plasma system 
operatmg at the exlt temperature of the kdn The orgmcs are oxldlzed by the reactwe hydroxyl 
radlcals generated in the plasma from the water vapor already present No fuel of oxidants are 
added to the gas stream After treatment in the plasma chamber, water vapor is condensed and the 
byproducts of the cold plasma combusQon are scrubbed out This water will be "cleaned" and can 
be sent through a convenaonal waste water treatment plant. Any r e m m g  gases are sent back 
into the GAC storage bin An inert camer gas may be used The cleaned, dry GAC is ready for 
reuse or disposal When hgh  temperature reactlvaaon is requlred, the dry GAC is agam sent mto 
the luln Thts tune it is treated at a hlgher temperatures to reacttvate the carbon pores whch trap 
orgmcs As a precautlon off gases from thls process could agam be treated withm the plasma 
chamber 

Given t h s  it was deterrmned that a 100 lb/hr system, operable for 24 hrs/day (8 hour days also 
possible, but less efficient), would meet RFETS needs Th~s system would be able to treat the 74 
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tons of spent GAC in a 13 month carnpargn The foot pnnt of ths svstem is shown in FIGURE 
26 The estimated footprint of the complete system is 1000 to 1600 square feet If desued by 
E T S ,  the system could also be trader mounted and moved from site to site Power can be 
supplied by either 208 VAC 3 phase 200 amp, or 480 VAC 3 phase 100 amp services Scaling of 
the GAC umt, cost and footpnnt, IS based on interviews with manufacturers of the equipment If 
useful, we can provide catalogs, company names and contacts A 5-7 ton chdler system is also 
required 

NTP scaling uses the following method The approach that we have adopted for thls work is to 
use the plasma energy per unit volume (or deposited electncal power dvided by gas flow rate - 
P/Q) as the key parameter to deterrmne the degree of removal of contarmnants entramed in the gas 
stream fed to the SDP stage The target P/Q is hkely to be in the range 200 - 500 J/std liter 
Energy density removal scaling relaaonshps are described below 

In many cases, the removal of a contmnant X can be appromated by an exponenhal decay 

where [XI is the resulang concentratlon, PI0 is the iniaal concentraaon, E is the applied specific 
energy or P/Q, and b is the e-fold energy density Supplying one b of energy density to the reactor 
reduces the concentration by l/e, two b‘s reduces it by l/e*, and so on In an ideal case, when E is 
plotted versus -In ([XI/ [XI,), a straght line of slope b results Therefore, the b-value can be 
easily deterrmned from data presented in such a removal plot For some cases, the removal plot is 
not necessanly a strarght h e ,  so such a slope-determtned b-value is only an approxlmahon 
Nevertheless, it is stdl quite useful over a lirmted range of e-folds 

b-values are usually given in base e uruts It is also convement to express b in base ten units 
because then it represents the energy density required to reduce the contarmnant concentranon by a 
factor of ten The removal, 1 - ([X]/[X]o) is often expressed in terms of a destrucuon and removal 
efficiency (DRE) of so many “nmes”, e g , three “runes” removal (or 99 9%) is acheved by 
supplying the reactor with three base-ten b‘s For base ten uruts, the removal equation is 

[XI = [XI, exp (-Em , 

where the base-ten exponenaal-foldmg factor a = - b In 0 1 = 2 3 b Thls simple formula IS the 
basis of an engineenng model used to generate scaling factors for hgher flow rates (FIGURE 29) 

TO increase the removal fiacaoi [XI/[XI~ for a given gas rmxture, E must be increased 
Because E = P/Q, E can be mcreased by either increasing P or, equivalently, decreasmg the flow 
rate Q for a given cell power Thls can be accomphshed by drrectly increasmg the power to the 
cells Alternauvely, by &vi&ng a given gas flow into several parallel cells, the overall energy 
density for the total flow can be effectlvely increased We prefer the second approach of 
moduianzauon, whereby a cell of deslrable propemes is replicated many tunes Such 
modulanzmon scahg  of silent dscharge cells has been previously demonstrated for the mdustnal- 
scale synthesis of ozone, where mumcipal water treatment plants frequently requlre the on-site 
generatlon of thousands of lulograms per day Thls also simplifies scahg  as the flow per cell m a 
large system is the same as the flow per cell in the smaller, lab based system 

The b-value depends on the particular compound, the gas rmxture, and to some extent the 
concentraaon of the contarmnant From the previous LANL work with splked gases, the decadic 
energy density (1 e , a-value) for acetone is estunated to be 150-200 J/std liter For the sizing of 
the equipment, we have assumed a more conservauve value of 250 j/std liter and a target DRE of 
99% Thls requms an energy density of  500 J/std liter Scalmg to the target flow rate of 35 s c h ,  
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see figure 29, provides the lOkW power required An important deliverable of phase I1 is the a 
value for table I compouds, within steam 

At Los Alamos, we have had considerable experience with both laboratory bench-scale and field- 
deployed SDP uruts The basic concept recommended for the RFETS system is a parallel-gas-fed 
arrangement of simple, flat-plate, modular umts The mechmcal detads of how the modules are 
held together, the secondary contitlnment vessel design, and plumbing and electncal connections 
for the cells and feedthroughs for the secondary contamment vessel are considered part of the 
detailed design and are not included in th.~s document 

A table of operating parameters for a 35-SCFh4 module is presented below The electrical power 
input will increase in propomon to the number of modules employed The sections that follow 
discuss specific aspects of the parameters or how these relate to system components 

SDP Unit Operating Parameters 
Parameter Value or Range 

Gas flow rate (through SDP module) 
Plasma energy density in gas 
Electncal power input 
Cell voltage 20 kV rms 
HV transformer step-up ratio 
Cell gas pressure 
Cell pressure drop Neghgible 

35 SCFM (987 std Iiter/mn) 
250 JAit (1 decade), 500 JAit (2 decades) 
10 kW (1 decade), 20 kW (2 decades) 

60 1 
Approxlmately ambient absolute pressure 

Gas temperature (mput) 120-150 C 

The total number of cells will be chosen to give the design energy density and gas flow rate when 
the cells are operated in parallel Each cell will be operated at a flow of Q/N and a power density of 
(P/N)/A, where P and Q are the total power and flow, respectwely, N IS the number of cells and A 
is the active electrode area of each cell Previously demonstrated values of power density (power 
per unit area) wdl be used as the design basis 

A I O  kW system will requlre 10 to 20 cells depending upon the power density A conservative 
design will use 20 cells These cells will be arranged in two stacks of 10 Each stack will be 14 5 
inches wide and 27 inches long (the same size as delectnc plates) For forced liquid temperature 
control each stack, includmg press system, is 30 inches hgh The two stacks are assembled onsite 
withn a secondary c o n t m e n t  vessel approxlmately 4 feet wide by 6 feet long by 4 ft hgh The 
weight of the fully assembled system, excluding power supply, is less than lo00 lbs A 12 kW 
power supply wdl be approxlmately 3 feet by 2 feet by 5 feet and weigh 700 lbs Commercial 
systems can provide pnrnary power for $0 80 to $1 00 per watt Estunated capital costs for the 
non-thermal plasma off-gas treatment system (cells, control system, power supplies, pumps, 
valves, 

The power supply is usually an oscdlator-power ampwier umt that is commercially avadable as a 
standard product item Suggested manufacturers are the Elgar company and Cabforma Instruments 
company figher efficiencies are possible if a "simple" inverter cucuit is used These power 
supplies can be bullt m-house or acqured through ozomzer manufacturers The hgh-voltage 
transformer and tunrng inductor are mdmidually-designed items made to designer specificatrons by 
electncal specialty firms (we have been satisfied with umts from Stangenes Industnes, Inc ) The 
recommended transformer step-up rat10 of 60 1 is based upon our expenence with avadable 
commercial smusoidal-waveform power supplies and thelr current raungs for dnving a typical cell- 
stack capacihve load The value of the tumng inductance depends upon the desmd operaung 
repetlhon frequency and the cell and transformer capacitances The power supply, hgh-voltage 

) are given as a function of power in FIGURE 30 
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transformer, and power factor correction inductors will be specified in the detaled design An 
sem-automatic control and data acquisition is recommended 

Based on interviews of regeneration equipment,, and the just discussed NTP scaling algonthm, 
dlrect costs (not including personnel to monitor GAC hardware and fabricate NTP hardware) 1s 
263 k$ Operating expenses, based on continuous operation are estimated to be 261 k$ More 
detailed is provided in FIGURES 3 1 and 32 

VI Experimental Plan(s) for Phase I1 

Specific tasks for phase two will depend upon the pnonties set by RFETS waste management and 
environmental restoration The key techcal  issue remans the measurement of the requlred energy 
density for treatment of the TABLE 1 compounds to RFETS standards Previously we have 
worked with au like and inert gas mxes with water content from 0 to 15% Operation with the 
close to 100% water vapor for ths project requires additional study The presence of such h g h  
water vapor concentrauons should increase the production of OH radicals, and result in a more 
efficient system Unfortunately it is also possible that discharges m steam may be become more 
tightly filamented, resulting in a less efficient system However, based on our expenence with off- 
gas streams for thermal treatment umts, the water should not be a problem as long as the cells are 
mamtained at >1oO'C to prevent condensauon The expenmental setup shown in FIGURE 34 will 
provide this data, and generate the scaling parameter, a, in JoulesAiter that is required for final 
specification of the full-scale system We propose two alternate phase two efforts for the 
remander of FY95 First, task IIA the onginally planned construction of a prototype GAC 
treatment system includes both a commercial GAC regenerator and the NTP off- gas system Th~s 
prototype, shown in FIGURE 35 can be used in FY 96 for either extended lab tesung at LANL, or 
upgraded for delivery and implementation at RFETS Secondly, an alternahve effort focuses on 
the expenmental setup in FIGURE 34 and will dehver only the offgas system The advantage of 
the first option is the avalabihty of a complete pilot scale system for either lab or field 
demonstrauons in early FY96 The second option, while coshng less in FY95, would requlre 
more support in FY 96 to reach the field demonstrauon stage We hope to parucipate with RFETS 
W M E R  personnel to identify the most producuve implementahon schedule for ths technology - 
for both the remamder of FY95 and outyears The specifics of these two ophon follow 

Task IIA Start procurement of long lead hme items carbon regenerator and SDP power 
supplies Assemble batch GAC regenerator and SDP subsystems and begin tests with steam, au- 
like and "inert" (non-oxldizing) gas streams Assemble complete system Th~s work wlll 
demonstrate 3 man sub-systems 
1 - The GAC regenerahon equipment wlll be purchased from an outside vendor and moddied to 
meet our needs Thls is the most costly piece of equipment (35 k$) and also has a long lead m e  (4 
months) 
2 - The SDP su6iystem wdl be different that those built m the past The SDP design for h s  
project wdl allow treatment very humd gas sueams, mcluding steam, without any condensauon 
withn the cells Power supphes, heaung control, and electncal hagnosucs will be designed and 
built mto the system Some matenals optuntzahon may be requlred 
3 - The gas handhg system wlll allow for recyclmg of system exhaust, e h a t m g  gaseous 
emssions For the full scale system th~s will reduce the danger of rad loftmg when radonuchde 
contarmnated GAC is used Addhonally, th~s system will allow the sunultaneous use of several 
emsung chemcal hagnosucs GC/MS and FTIR for quanhficatlon of orgmc removal and 
byproduct formauon, IR detechon of COICOU02 for process monitonng, and an FID for easy 
measurement of total hydrocarbons These Qagnosucs will be optlrmzed for both the specific 
orgmcs to be treated and the gas matnx that wdl be carrying them 
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FULL SCALE SYSTEM CAPITAL COSTS 

DIRECT COSTS 
Equipment 

Feed Hopper 
Screw Feeder 
Rotary Kiln 
Discharge System 
SDP Unit 
Heat Exchanger 
Chiller 
Hot Oil Heater 

TOTAL 

$2,000 
$1,500 

$60,000 
$5,000 

$50,000 
$6,500 

$1 0,000 
_$10.000 
$1 45,000 

Installation @ 45% $65,000 

Instrumentation @I 0% $1 5,000 

Piping & Electrical @ 25% $38,000 

TOTAL DIRECT COST $263,000 
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FULL SCALE SYSTEM OPERATING COSTS 

LABOR 
2 operatorslshift @ $35lhr 
I engineedday @ $1 OOlhr 

UTILITIES 
Electrical 

CONSUMABLES 
Argon 2 bottledday 

ANALYTICAL 
TCLP, water, gas 

TOTAL 

$l,6801day 
$8001day 

$1 OOlday 

$5001day 

$3,4801day 

TOTAL COST @ 15 weeks of operation $261,000 
- 
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I a c  

Until the delivery of the GAC regenerator, the complete system will be tested using an in-house, 
sem-batch GAC regenerator and steam generator Ths system will allow a complete nng out of 
the other subsystems Laboratory tests will work first with surrogate matenals that approxlmate 
the contmnants of interest to RF envlronmental restoration and waste management When 
possible, actual samples from RF will be tested at Los Alamos When the GAC regenerator amves 
(capacity about 20-50 lbshr) it will be installed and tested We will prepare for tesung of the 
integrated system with three goals 1- S t m n g  from the present state of the art designs, opurmze 
volatilization from the GAC as a function of temperature, pressure, flow rate, and gas 
composition A key metnc will be the volume and form of the secondary waste stream 2- 
Quantify off-gas treatment for a range of compounds as a funcuon of gas composiuon and NTP 
power for the most promsing regeneration schemes 3 - Demonstrate the utdity of closed-loop, 
1 e gas recycling, designs These systems will recirculate exhaust gases from the non-thermal 
plasma reactor back mto the regeneratlon chamber - e h n a u n g  exhaust stacks and the potenual for 
releases of toxic or radoactlve vapors A fiscal year end report will include a conceptual design, 
produced with LANL's engineenng design team and a more detaded regulatory review by CST- 
27's RCRA team, of  a system suitable for field work at Rocky Flats, a summary of our data, a 
more detaded design of the future field umt, and an evaluatlon of the performance of the 
regenerated carbon Thls information will be presented for review at RFETS on or around 
September 10 In the summer of 1995, LANL, NMRT/TI" and RFETS personnel will meet to 
discuss the optimal ma of activihes for FY 96 Based upon those discussions and the review of 
September 10, we will produce a detaded plan for FY96 
Task IIA Summary Prototype fabncation and tesung 6/1/95 - 9/30/95 

a - FabncatdAcqulre pdot scale GAC regenerahon chamber 
b - Design and fabncatlon-thermal plasma reactor 
c - Design and fabncate gas scrubbers and pumps 
d - Test with surrogates for both ER and WM GAC 
e - Evaluate NTP treatment of off-gases 
f - Data summary and analysis 
Program review at RFETS (9/10/95) and final report (9/30/95) 

Cost estimate 
CST SM, 1 0 FTEs, 245k$ 
CST Tec, 0 8 FTEs, 112k$ 
CST GRA, 0 75 FTEs, 31 k$ 
NMRT SM, 0 33 FTEs, 88k$ 
M&S, 21 1 k$ includes major procurements GAC regenerator (35k$) and power supply (30 k$) 
Total 687k$ (program tax may add 3%) 

Westone 
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Task IIB We do not acquire the commercial GAC regenerator, but instead evaluate the 
efficiency of non-thermal plasmas to GAC regeneration through testing with surrogates Ths  is 
essentially sub-tasks b,d, and e above The lab is equipped to generate any off-gas mxture, with 
controllable amounts of water vapor or steam We will build a prototype GAC off-gas treatment 
system and generate data to support the design and cost of ownershp of a full scale system Our 
deliverables are 1- a fully charactenzed off-gas equipment, and 2- a detaded design, cost estlmate, 
and timetable for full scale unplementatlon at RF The hardware produced in FY95 can be used in 
FY 96 for extended lab testlng at LANL with a carbon regenerator, or combmed with a GAC 
regenerator at RFETS as part of a pilot demonstrahon The results of th~s work wdl be presented 
for review at RFETS on or around September 10 In the summer of 1995, LANL, NMRT/TT and 
RFETS personnel will meet to discuss the optimal rmx of actlvihes for FY 96 Based upon those 
discussions and the review of September 10, we will produce a detaled plan for FY96 
Task IIB Summary NTP off-gas optlrmzation and testing 6/1/95 - 9/30/95 

a - Design and fabncauon-non-thermal plasma reactor 
b - Test with surrogates for both ER and WM GAC 
c - Evaluate NTP treatment of off-gases 
d - Data summary and analysis 
Program review at RFETS (9/10/95) and final report (9/30/95) Klestone 

Cost estimate 
CST SM, 0 5 F E s ,  123k$ 
CST Tec, 0 5 FTEs, 69k$ 
CST GRA, 0 66 FTEs, 26 k$ 
NMRT SM, 0 33 FTEs, 88k$ 
M&S, 65k$ 
Total 371k$ (program tax may add 3%) 

L 
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