LA-UR- 99 - 2201

Approved forpublic release;
diistribution is unlimited.

) Title: | NON-THERMAL PLASMA TECHNIQUES FOR
) - AIR TREATMENT

Author(s): | Louis A. Rosocha, P-24

Submitted to: | 5th International Conference on Advanced Oxidation Technologies

for Water & Air Remediation (AOTs-5)
Albuquerque, NM; May 23-28. 1999

Workshop on Advanced Oxidation Technologies:
Fundamentals & Applications

Los Alamos

NATIONAL LABORATORY

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the University of California for the U.S.

" Department of Energy under contract W-7405-ENG-36. By acceptance of this article, the publisher recognizes that the U.S. Government
retains a nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or to allow others to do so, for U.S.
Govemment purposes. Los Alamos National Laboratory requests that the publisher identify this article as work performed under the
auspices of the U.S. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher’s rightto
publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its technical correctness.

s, 19991202 121

Form 836 (10/96)




REPORT DOCUMENTATION PAGE g s

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed. and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information. including
suggestions for reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway. Suite 1204, Arlington. VA 22202-4302.
and to the Office of Management and Budget. Paperwork Reduction Project (0704-0188). Washington, DC 20503

1. AGENCY USE ONLY (Leave 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
blank) 1999 Conference Proceedings, May 23-28, 1999
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Non-Thermal Plasma Techniques for Air Treatment N/A

6. AUTHOR(S)
Louis A. Rosocha

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

Los Alamos National Laboratory N/A

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

SERDP AGENCY REPORT NUMBER

901 North Stuart St. Suite 303 N/A

Arlington, VA 22203

11. SUPPLEMENTARY NOTES
No copyright is asserted in the United States under Title 17, U.S. code. The U.S. Government has a royalty-free license to exercise all
rights under the copyright claimed herein for Government purposes. All other rights are reserved by the copyright owner.

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for public release: distribution is unlimited. A

13. ABSTRACT (Maximum 200 Words)

To prevent toxic substances from entering and spreading through the environment and to meet increasingly stringent regulations,
more effective methods of destroying chemical pollutants are being examined. Advanced oxidation processes, historically used for the
treatment of recalcitrant water pollutants via hydroxyl radicals (OH), are now being applied to the treatment of gas-phase pollutants
using non-thermal plasmas (NTPs). In NTPs, chemical decomposition can also be initiated by radicals other than OH, some of which
may even be reductive rather than oxidative.

Non-thermal or non-equilibrium plasmas in gaseous media are characterized by combined energetic-electron (e.g., 1-1- eV) and low-
temperature gas conditions. Free radicals, particularly oxygen-atom radicals, are effectively generated by NTPs and play a key role in
the process of ozone generation.

14. SUBJECT TERMS 15. NUMBER OF PAGES
SERDP, non-thermal plasma technique, pollutant, oxidation 43
16. PRICE CODE
N/A
17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT : UL
unclass unclass unclass
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANS] Std. Z39-18
298-102




(pajiujun uonnquysiq ‘pelyisseldun) L0ZZ-66-¥N-V1

INN ‘enbianbnq|y - 6661 ‘vz AelN

K10)eloqe] [euoneN Sowely so
BUYO0SOY 'Y SINOT

.w:o_umo__%_d. Q s|ejuawepun
:sa1bojouysa| uonepixp padueApy
doysyIop G-S10V

juswijead] Jiy J0j
sanbluyosa] ewse|d |[ewlay]-UON




. Tay
. M k]

*ABojouyoan oy jo sajdurexo uoneoidde sAnwussaidos puv ‘sojdurexs 1500 pu® JLRW-jo-samdy ‘jonuod uopnjjod
-1te 10y Jurssaooid ewse(d ewusy-uou ‘amssaid-ousydsoune Jo punoidyoeq ‘ssasoxd Y3 Jo suoneordde pue 10§ uonEALIOW ST I8 PAIGAOD syutod urews
Y], ‘suonoear uonisodwoosp PpaYenIul-[esIpeI-a2y 10§ 00} € A[owreu - dOV Ue JO 1xau0d oy Ul sewse|d [BULISY}-UOU SSNOSIP [[IM oM Jres sugy ug

"+ + 1000 + 10 +10H + 00 + 00 « “DHD +HO 10 (d)0
‘0+™N < ON+N

W +‘ONH < W +ON+HO

W+%ON < W+ON+0

_ 'SUIEanS SUOISSTWIO

-Ite wox (sDOA) spunodwod sruedio s[mejoa uoqued-010[yd/01pAy pue (*OS pue *QN) my[ns pue usfonm JO s9pIX0 JO [eAOWwRI 3y 39 ‘suopeoyjdde

awos 10§ A3ojouys9) ursnuoid e paropIsuod ore sewse[d [euLISY)-uoU pajeIoussd Weaq-uonadfs pue d31eyosIp-omodfg ‘sdOV Yum siueinjjod aseyd-sed
J0 yusunean a3 parofdxa sy s1oyoreasay “sonbrutyda) [oxuos-uonn[jod SANEAOUU] UT 1S2I3IUT PISEAIOUT UG SeY 219y} ‘sTeak [e1oAss ised oy uf

"P+N+N « ‘N+2
HOTZ <« O'H+(a)o

's35e3 Ul SN Yim vouﬁocom OS[e 3Ie S[edIpel woje-us30n1u pue [eolpel [AX0IpAY aty) oXI| S[edIpel 931 1ay0)

"W+0 « W+'0+Wdy) 0
9+(@PO+(d)0O « *0+o

:(Jusunean 191eM 10§ HO JO 30MOs [eOLIO)STY oY})

uoneISus3 3u0zo Jo ssaooxd oty ur ofox Koy e Aed pue sq 1N 4q parerouas A19AN09]J9 are ‘sfesrper woje-uadAxo Ajremnonred ‘s[eorper 9a1] ‘suonIpuos sed
amjeradwo)-mof pue (A2 o1-1 “3-9) U0RI[3-0113310US PauIquIod Aq PezLISIoRIRYd ore eIpaw snoosed ur sewse[d umuqnbo-uou 10 [euuay-uoN

"SANEPIXO Bl JaYje1 SAIONPal 3q USAS ABWI YOIYM JO SWOS “HO) uey) 19430 s[ediper £q pajeniut 9q osfe ues uonsodwoosp [EOTSYo

‘SdLN Ul ‘(SdLN) sewse|d [euuo-uou Suisn swrein[jod aseyd-se3 jo yusuneon oyy o) pardde 3uraq mou axe (IQ) s[eorper [AxoIpAy eia syueinjjod

91eM JuRnIO[eddl JO Jusunean oY) 10§ pasn A[[eoLoIsty ‘sassaooid UONEPIXO padlreApY "pauturexs 3uraq axe syuemnjjod [eoruayo Surdonsap Jo spoyiow
9A1d3Yge arouw ‘suone[ndar yusduins AjJursearour jour 0} pue juswuorAus oY) y3noxy Jurpesids pue Suusjus woy $aJuEISqNs 01X0) Juaadxd o

yoensqy

Aiojeloqe jeuoneN sowey so
BYO0S0Y "V SIN0T

N ‘enbisnbnqyy - 6661 ‘vz Aepy
suoneo)|ddy @ sjejuswepuny :saifojouyos] uonepixO padueApy uo doys)iops G-s1 OV

jusugeal] 41y 10}
sanbjuyoa) ewsejd jeuusy-uop




sowe|y SO

(day3s) weiboud |
Juswdojana B Yyoleasay |ejuswuoldiAaug o1bajens sn syl

pue
fiojeloqge yoseassay Awly “Yajoizipy lezipuy "iq
w_m:m“.ms_ pue Alaulyoep\ Jo anisu| uealoy ‘wiy 'S ‘i

AJIs1aAlun 18)SBNOIN "BwIyseln oyiuny "1q ¥ bueyn ‘st °Joid

0} syueyl




sowe|y so.

Aewwng e
spual] ain)n e

sal}l|Ioe)
}s8) aulbus woly *ON Jo [eAowal pue sOOA JO UOHeIpaLS.
|ejuswiuoliAue :sejdwexa uoneoidde oAljejuasalday e

sjuejnjjod
g|dwexs Jo co;_wanoomn 10} 1802 % JlI8WI-J0-s8InBbi +

“Ansiwayd uonisodwosep B co;mc:ou_ |edlpel Jo soiseq ¢

(jonuoo
uonnjjod-ne) suonesydde |ejuswiuoliaug 10} Buisseosoud

ewseld [ewiay)-uou ‘ainssaid-ousydsowse 10 punoibxoeg e
- loJessal Jo suoneoljdde pue 10} UOIBAION e

3[e} Jo aulInQ




sowe|y SO

SYSU Y)|eoH e
 §SBUSNOIDSUOD |BJUSWIUOIIAUT e
| [eld0g

SPOY}aW [BUOIJUBSAUOD Y}IM PB)BIDOSSE S)S0)) ©
suolnejnbai Jo Joedw| e
| -oluIou093

suolje|nbal jo Juswadiojuy e

splepuels | DVIN juepusiy

1oV J9je\ Ues|D ‘0661 O JuSWPUBWY JOY Jiy UES|D
suolje|nbal Juabulys alow 1o/pue MapN e
| Aiojenbay

|e120S pue ‘o1uouo029d ‘Aloje|nbau
ale siojeAnouw juawdojanap-Abojouyosa ]




SOwely so

Jusuieal) ‘sasse00.d ‘quswdinbs uj sebueyo alnbay e
Juswdinba jos3ucd uonnjjod pe-jo-aje)s 1o} sjje e
splepuels (ABojouyosa] josyuon a|qeAslyay xe) L1OVIN

SOOA 30 Jno aseyd e
(suozQ oueydsojens) A aptL

wco_ww_Em. XON/XOS 40 uononpay e
(urey proy) Al apiL

- | S|EOIUBYD pajsl| 68| 10} SpIepuE)s paysiiqe)sy e
(SdVH) sjuenjjod se Snopiezey JO UoISSIWS YJIM pautaduod Apoaiq e
(so1xo J1v) 1 el

(SdLN “B6-9) seibojouyse) mau 03 uﬁm.@.
Ajaso|d sapy eauy) surejuos 0661 YVVO 8yl




Sowely so

‘|0Jju092 ssao0ud

|ewn}do 1o} Yoeqpas) 21uoJ}o8|]
saloads jueln|jod

a|di}inw Jo |[eAOWB SNosBue}NWIS
(saseb asnoyuaalb) |[an} pappe ON
sjuejoeal

|esiwayo jo uoljelauab n)is-u|

sabejueApy |ennusjod

‘(syonpoud jeuiwa) pazijesauiw
1o J9jdwis) swuioj ajqeabeuew
alow 0} sjuelnjjod Buionpau
Jo/pue Buizipixo Joj Ansiwayd
9|geJsoAej ojul ABiduad |eo14}09|d
JoalIp 0} si eapl A8y ayL

SJaYjo ‘S°H :si1o0pO
suogJeooley

© suoqgJedsolpAy 69 :SOOA
0S % *ON ‘6o :saseb anj4

suonesijddy

"suoljoeal

|eosipel-9alj BIA  UolSnquo9d
p|02,, Jo ash Bupjew dOV jo
adA) e ale sewse|d |[ewadYyj-UON

aseyd seb ayj ui sjueinjjod asodwoossap 03 sjeaipel
994} 9sn YoIym ssas04d uoliponpal | uoljepixo
padueApe jo adA) e aue (s4dLN) sewse|d [ewuayj}-uUuoN




sowe|y so

sjem ul HO 9jetsuab Aoalip ues ¢QH 3 €0 - AIojs sjoym ay) 10N

9+NZ < °N+9
HOZ < O:H +(a,)0
(Q,)O + (d¢)O PUE (d.)OZ « %0 + 9o

:UONBIo0SSIp padnpul-uoujos|e Aq pajessuab ale s|eolpes aAljonpal pue
OABPIXO Yloq ydlym ui sassaoold eseyd-seb o) papuedxs sey pjai ay|

HOZ < °O°H + Ay
HOZ < O°H +(Q,))0
‘0+(Q,)0 « 0+ Ay

L.uonN|os snosnbe u1 20°H
lo/pue £Q jo sisAjojoyd ay) Aq pajelausb Ajjeuiblio asem sjeaipel HO

"suoljoeal
(HO) Ieaipes-jAxoipAyY pue (*Q) sauozo parjoAul aaey
(sdov) mummwoo.__n_ uonepixp pasueApy ‘Ajjes1io}siH




sowe|y so

sjela)jew [e1oads Jo Buissasoid e
- sa)sem snhosuabois)ay Jo Juswi)eal] e
spinby| oluebio snopiezey jo uononisa( e
(Juawdinba pabe}s) Buissaso.id 3o8.1puj

Saljljioe] 1S9}
auibus jaf ‘sio)jelauab-10jow [8S8IP WO SUOISSIWS JIe JO [oJjU0)) o
(si03e48UIDUI
“6°8) Bulssao0id 8)SEM WOI) SUOISSIWS JIE JO [0LJUOT) e
saseb-an|) 10 saseb-yoe)s [elysnpul Jo BuISse001d o
18jempunoub 10 |10S WOy pajoesXa SJUSAJOS JO UOIEIPSWSY o
(Juawdinba abe)s-a|Buis) Buissasoid }0aai(]

lJuswieal} seb-4j0
o} ABojouyda} dIN jo suonesidde aaysadsoiy




o -

mo

6v1086 LS

VALY

(sjeoipeu aa1) “6'a)
sajdads aAnoe B ewse|q

?m::on&oo
._m_nE_mmES:__on

_ pasodwioosap/m)

weans anyyy

- (siueinjjod/m)

wealls yuanpuj’

SBY) §S390id 8y} Ul pajesauay) saioadg aAnay eip
Sueln|jod asoduiodaq Sewse|d [euliay}-uop




sowe|y so7

_ ‘SJUBJSUOD
~ 8jel Jay)o Jo/pue ‘(N/3 uo spuadap ydlym ‘Juejsuod sjel

uoljeloossip e ‘6:8) uonew.o) [eoipel o) JUBISUOD ajel ay) sI P4y -

“‘N/3 uo spuadap yoiym ‘AJI00|8A YLIp U088 8Y] SI PA e

‘PIal} padnpal sy} sI N/3 o

(N pp

A
ﬁ@xv\ \“mv

\ -/

"SUOISI||0D U0J}O3|d
-o139b19ud Aq _umum_u_:_ Ajurew si uonesauab
|edlpey °"s21u0u)d9ld shoaseh ay} uo spuadap
(anjea-9) Aouaioiyyd uononpoud jesipes aylL




sowe|y so-

°00 + IOHZ <O%H + 4009

O°H + IDBN < HOEN + [DH
"+ 10H + 10BN <*Q0OHEeN + 49
‘0D <«IsAelen + 09

‘OOHEN < HOEN + 00
Juswijeal) Alepuoosag e

siswAjod :(]D0O%OHD - Ov0Q “b'8)
s}onpoudAq snopiezey ‘suoquesojey
18YjO :sjonpoud ajqesisapun e

009 ‘IOH
“ID '09 09 :s1onpoud sjqesbeueyy o

sjonpoid < X + 930 ‘N ‘HO ‘O ‘@

(‘ssjeulwop |suueyo uosose
80uay ‘uoioely sjow ybiy e Juen|jod
Aq paqiosqe Apoauip s ABisus aiopy)

‘suoljoe.y
Slow Jojjews je sajeuiwop puodes ay| e

‘suofjoel} sjow juen|jod
abue| Je yueujwop s| uonoeal jsiiy ay| e

mau:uo.._n_
< X+919‘N‘HO ‘O (2)

syponpoid < x+93 (L)




sowe|y so

N+ ONH < W +°ON + HO
W + °ONH < W+ HO + ON

“.m>m>>_.=mn_ uonewso4-p1oy Atewiid

ON+ N +°N < O°N+ (V)°N

0OZ +°N <« %0+ (V)°N ONZ < ‘ON+N
‘O+°N 10 ONZ < O°N +(a,)0 | O+0O°N < “ON+N -
‘O+ON < ON+(@)O0 (@)O+*N « ON+(a)N
‘N+ON < O°N+N O+N < ON+N
‘O+°N < °ON+N O+ ON < 20+ (ayN
N+ ONH < IN +°0ON + HO N +°0°N < N +°ON + °ON
O°H + “ON < °ONH + HO ‘O+°®ON < °ON+°0
W +°ONH < I+ HO + ON ~ “0O+°ON < ON+°0
- *ONZ < *ON +ON W+tO <« WN+°0+0
HO + ON <« °O + HN N+ON < °N+0O
HO +°N < ON + HN ‘O+ON < “ON+0
HO + HN < O°H + (QyN W+°ON < N+ON+0O

SOH O/M Sainxi|\ ses) JSIO|A Ul suoljoeay *ON-ap Jole




sowlely so

"OS*H < O°H + ‘OSH
uonoeal ay) Aq pawiio} osje sl pioy
N+ *ONH < W +°0ON + HO

O°H + °ON < °0ONH + HO
N+ °ONH < W+ ON + HO

“ON-8p ui ulebe pasn aq 0} uo s90b uay) |ealpes HO 8y
HO + °ON <« ON + °OH

*OS + °OH <« %0 + *OSH
N +*OSH < I\ +°0S + HO

}s092 ABiaua *ON-ap aAnoaye
saonpos B s|edlpes HO s9]9A2a1 Qg Jo aduasaid ay |




sowe|y so

(Jozi1p8) BjeIN WNUOWWYY)
*ON’HN < *ONH + *HN

N +°*ONH < W+°ON+HO
O°H + °ON < *ONH + HO
W+°ONH < W+ ON + HO
O°H + *HN < *HN + HO

O+°N < ON+N

HO +°N < ON + HN
"O°H+°N < ON+°HN
| ‘H+N < H+HN
9+H+HN < ‘HN+#®
9+ H+°HN < *HN +9®

“ON wouy pawioj aq ued (19z1|1319))
saje[nolied |njasn ‘uonippe (*HN) eluowwe Yyjm




sowe|y/ SO

“%[x] uonenu
”_05 uo oo:mu:mnwu ou

|[eAowas Jo am._mwv oy a pu
g_ai_ oy I's] 'y 'z >> [XI jusym| o ° 0f+
' D o= —
(o) T=o S w
g I
Tﬁ ¥
alaym

(d/3-) dxo =°[x]/[X]
o -=lxlp — cm:
['s1 >¥ T +x 1y

:peule}qo s uonnje

ue ‘( {[xl/x] }
“a°1) leAowa

‘ABasus oiy10ads ewse|d pajjdde
pue ‘Ai3sjwiayd uonoeal ‘(spjaif jesiped) Ansiwayo
ewse|d uo spuadap uonenbas jerowa. pazijesauab y




sowe|y sO7]
(p) : (a)
Gpis/e) 3 (Hegs/m™) 3
v € 2 L 0 09 oy 0c 0
T T I 000 T T T T T
Emm e hpy ] Y00
; c.ic - 0
20 %42/PN %6L Ul 4700 7 90
1D%H% 00— ek-040 7 %m —
W wdd 009€ 25
> 020 o..N
oLo ©
_ or'o
wdd 0oLt 090
. 080
1 L. 00’ 00’1
(o) (e)
W pis/r)a (Hpis/rD 3
0S4 00S ose o] 08 ov 0
¥ T T v T _.0.0 ] ] m0.0
B -1 OL°0
B O%H %0L/O %81 - S%H %S0 L
/N %2, UION
H widd ooy H —_ N -1 060 —
- * 4 010 W S%H %0°2 W
¢ Bt 25
- - o) o -1 0OFV0 O
oL OL] oL
- O%H %S LMER Ul | OH %5716/ J__\mmmm 090
- 3041 wdd 061 B 08°0
] 1 1 i 1} i OO._- ] i | | | OO.—.

iauieg suo9lelda

BUOI0D aajjeboN

spunodwod snoLeA 1oj ejep [eAowal ajdwex]




sowe|y so

| ‘uoljeljusoUo jenul
SUYj pue ‘leaows. Jo sa1bap ay) ‘anjeA-g ay) Jo swue} uj pessaidxs s| ajnosjow Jed }s0o ABisus ay) ‘aieH

"[x]
AHM\_ lﬁvoﬁw\u_nmw\_lomw\uﬂk Amv

[x] .3
S il

4 3800 ABisus ‘abelane 1o ‘jesbajul ay) SI
1s)awe.led |njesn-Ajjeonoe.id aiow e ‘parowsl 9|nosjow Jad 3s00 ABisus snosuejuejsul ayj st sty
Al xlp  _Ixlp @)
g . °lx] 3r
u -— -—
[( ] g -lp
‘aAlleALsp ay Bunjey pue 3 4oy | uonenb3 Buiajos Aq paurejqo Auenb Buimojjoy ay) se pessaid
-X® 8q ued siy} ‘Juejsul Aue )y “weal)s seb ay) woly parowss sjnosjow snopiezey Jad ewsejd ay)
0} paJanijap ABisus ay) Aq pauyap si sjuejnjjod jo uonisodwodsp ay} 1oy Jusw jo ainbiy |ngasn y

‘uo os pue ‘871 Aq gz ‘o/1 Aq uonesyusouod sy ssonpal Jojoeal ayj 0} g auo
Buihlddng -Ayususp ABisus pjos-o ay} si ¢ pue ‘(O/d ‘ejel moy seb Aq papinp Jamod ewseld o) ABisus
oytoads paldde ay) st 3 ‘uoyesyuesuod Buynsal sy} st [X] ‘uonesuadsuod juejnjiod feiur ay; st [x] aseym

‘“(d/a-)dxe%xl=[x] (1)

JeAowadl juejnjjod 1oy sme| Buljesg




sowe|y SO

‘(aseo wdd 00} SA ased wdd 0oz @jou) sesealdoul UOBIUSOUOD 8Y) Se asealoap

$)S00 ABiaus [eAowWal 8y} ‘a10j81aYy) ‘UOHEIUSIUOD [eliul BY) 0} SANISUSS AISA Jou S| anjeA-¢
asoym spunodwod |elaAas Jo auo st ON “I8)li/f 0Z pue Jay/f 0G 4o salbiaud oyoads ewseld
P|OJ-8 BUO Y)Im ain)xiw Jie-ON Ue ul [eaowal ON 104 jeAowsal o aalbap pue s)sod Abisu3]

(ON BYumi) ewwes

0S1 -

0S|
0

sel

(4a3r) O/d
00} [*7A

] L 1 1

0g

0S -

001} -

00¢Z -

0S¢

00€

0S¢ -

ur 0g ‘wdd 00z~

‘ s
Ve 0z ‘wdd 001 Y

e oz ‘wdd ooz -~

\\\
-
PR
P
P

\

/

N\~
/

e 0§ ‘wdd ool

_ - 08

- 001

~ 0G5}

~ 00C

- 05¢

- 0G€

T T T T
¥z o0Z 91 21

(°loNK{OND) ur-

80

14Y

oov
00

- 00€

(9910w ON/A®) 4

(p.Juod) [eaowal Juejnjjod 1o} sme| buijeog




sowe|y SO

'd*D = d :|leAowau p|o}-a BUO 10} JuswalInbay 19MOd o

‘(eb1eyosip [eouosle) Hi/r 05 ~ (Wwesq-a) Wyr oL ~ d ‘ON 104

'|EAOWBI P|OJ-8 BUO IO} £Bious o_u__omam d
pue sjel moyy seb Aq papinip semod ewseld ‘ /4 = °3 aloym

“(d/°3-) dxa = X]/[X] :Buijeos jeaowal jeoidA] e

‘leAowal jo aaibap patisep pue ‘ABioud
J1j10ads onysus)oeIRYD ‘B)R) MOJ} SED }sheyxa uo
spuadap juawaiinbai Jjemod jeaowa. - *ON :ojdwex3g




sowe|y So7

lojoeal ulew
ojul seb pasg|q :_ nm::& s|eoipel s)oolul Jojoeal 41N
Alepuooeg :walsAs (SYH) JIomoysg [edlpey UOIO) e

'18J18AU0D
onjAjejes + lojoeal 4N :waisAs anhjejen-ewse|d o

- (ds3) 103edioaad o13e)S04)03]9 + UOQIED pPAjeAloe
+ Jojoeal d N :wdlsAg 19qI0Spy-10}0e3Y dLIN/PHGAH o

wa)sAg 10joray euwise|d wWeag-uoljoa|y e

wajlsAg
10joeay ewse|d (abreyosiq jus|is) Jalueg-oL3o9|aIq e

waysAg 10)0eaY BWISE| BUOIOT Pas|nd o

w:m_mm_u juswidinba-4IN m_n_.mem_




souwlely soT
lojeleuen
1ez)jjue4 sjeuuByy esind
\ R - "
®
iviubulutnieiy
R ———
e VY R
Joepdiveld I\
oneIsos0e)g
lojeseuep
sepaselg allm esind

BUOI0D HQ 10 pasing

u

\J
¢
A seouenju

suogeo
-0IpAH

wa)sAg euolo9 pasing




souwle|y SO

‘juswidinbe

s1y} Jo Bupjay 13 Juswdojansp
ay) jJo ued |enyuesse

ue a1am (L INH) saibojouyos)

ess\ UBIH 2 (14d3)
aJn}ijsuj Yyolessay Jemod

OJO8I3 8y} YIM SYAVHO

‘Jamod

ewsejd Jo A\ 0} 03 dn je
pajeiado yue) Jojoeal ewseld
yose3 'g4v uegjis|oonN

Je s}sa)} uolisodwoosp

DO J04 pakojdwa wa)sAs
Jojoeal 4| N Jauieqg-oujosaIp

ajiqow Jo uonensny||

wajsAs eleq B |oNuUoD
10ssad01d ewse|d P|oD
edid Jany3 Jownojsuell AH

(eBieyosip Jaiieq-01410919IP)

abieyos|p udjs

edid juenju)

Aiddng Jemod M-8l




sowe|y so

10j0eal dIN

jusnyys . OA1005]

laqqnuos Alepuodeg
wr_mzokﬁ-ummh

psie|nsu|
jusnjui sex)

jueniye
seb pajeas)

saqn} ous|8|
seb yoejs Nw_aa:m Jemod m_EEmo E_%,

ues} AH/QV oL uQm>oo spol |ejs\

(yuswyeasy mmm.m:E
“OS/"ON-9p 10} waysAs 10joeal 4| N Jalieq-oL13o9jaIp
Payipow ,, 91341093 [e1918WWO9 Jo weibelp onjewayog




sowe|y so

SErAINVER sjeuueyd Addng __

sen)
enjjuj

_ _
opydoeld .". i “
_ _

onelsono9|3
Alddng ,
sung) uou}oe|3 1amod I._
~ " plewgs uoneipey

‘w9)shg Emmm-:o.:om_m




sowe|y SO

'spunodwod pagiosqge
-Alises aiow o) sjueyn|jod ay) BujleAuod 1o Jequosqe ay) uo peoj ay) Bulonpai wouj sewod
sbejueApe ojwouods uoneeusbal o/pue [esodsiq “ainjosjydle laguosqe-4 | N apow-jeuas

weng , jusnjjig
laqgniog Aepuoosg

1eqlosay E 19)ji4 10 483
\ )  juenjyl
18qqnuos ﬁ
seo) Jojoeay
Juen)y3 (d1N) ewseld
ues|n |eULISYJUON

wajsAg Jaquospy-diIN ‘m_uo_z-_m_..wm




sowe|y SO

‘Buljpuey a)is-yo uey) Jsyjes ‘sps-uo |
Buihojdwas inq ‘ainyded juenjjod wolj saul-yJo siagiosge ay) Bunelsusbai Agq pauleb aq Aew
sebejuerpe souewlopad pue o1IWIOUODT] "ainjoa}iyole Jaglosge-d ] N apow-uoljeisuabay

1008y ‘ 1)1 10 d4S3
Juany)3 (dLN) ewse|d :
Aepuodag _ lewayjuon

NEEEN g
Jenju)

Jaquosqy

—/

seg laqqniog

enyi3

seo) sn|4

wajsAg 190J0SPY-d LN dPON-0A13RI8USHaY




“

. -
-

Souwe|y so

‘(|ON’HN ‘ejeniu wnuowwe
“"6°8) Joz||18y jesn)noube 104 |njosn ale sjonpoud painydes ayj jo swog ‘10)epdioaud onejsoujosie
U3 sajejnoiped Jo uonewnoy ayj o) Buipes) suofoea. aALp jey)

8y} Aq painydes usy) are sejejnoned ase
S|edgtpe. sjessusb o) pappe ale (") saueyaw Io (*HN) eluowwy ‘10j0e81 SYI JO welbelp opewsyog

lazijuey sjauuey)

. 10p0eOY
T QG Q
yoeyg / W

Joyepdiosiy -

Aiddns
oneIsou08|3 Jomog 5 (v+)
8jzZoN SHN
pue aqny.

Em..__m>w lamoyg [eoipey euo.losn




sowlely so -

(suD) Jemoysg [eoip

swa)sAs *ON-op
|eUOIJUBAUO0I 0} patedwod swa)sAs 41N plgAy
931y} Jo} sasAjeue s1L0uU0I9 papirosd aAaey apn




Sowe|y SO

0 0
169°) €2L')
261} 162°)
€8 144
714 YA
yol 9
oS

14

Ky

9
LU
Lg
8k

¥oS +19qquog  weeg
+ds3 M uoJoel3

(W49S v01 X 68°G) WeWiN 0} X 0') :8)ey MO} seS)

i

* +

g8 8

14
viL
9
91l
e
oLy

lamoys
BUOIO0Y)

ml—m

i

¥ Kianooey Jezyiiay
99 1509 [enuuy [g}o)
9 SejiiaN g Sjeodjway)
66 J8amod ouyoe|3
812 aoueus)uiey B Joge
(% Kianooay [eydeq
BU0I0Y)
pasind ($%)
RN
V]
000t m
5
005'L
0007

swajsAs “*ON-op snoueA 1o} suosledwod 3s09




sowe|y so

0 0 29 29 29 Kianooey Jeziie4
14844 . 65b'ze 1£6'01 0£Z's 6€1°L 100 [enuuy [ejoL
20T €61 0K 0Ll 0Ll SanjIaN 3 sleqweyo
£0b'} 280'C 8Ie'} 046') v19') © 18Mod dujoel3
Q0UBUBJUIBY -
W'y o'y 190'e 090°C £28' % JogeT]
(XA 208'c 05’9 ISk ¥65'c Kianooay leyded
oS + Jamoys :
¥OS+dS3  leqqnuoglom  weeg uonoel3 BU0I0) BU0I0D Pasing ()

(W30S 501 X 0°)) WeWN 801 X 0L’ “81Y MO|4 SBS)

f i

YOS+

ds3

¥yOS+
JeqqQruos M

(i it

(*p.auos) swayshs *oN-9p m:o_.__m> 10} suosiLiedwo? }s09H




sowe|y so

| (%) parowey XON
08 G/ 0L S9 09 G5 05 S oF

| ] ] I | | |
- — 00§
lamod juerd Jo %3z 10} SqyH pue G'2ind
X . whbBojouyos} onfjoosy .
— ON —ooo't 2
/ X
—oos’t P
Aiuo XoN :4os -
000¢ <
L
» 0052 Muu
104)U02 S4VYH pue \NM
— (1eureq ounoeyelp peyipopy)  S'wd /m *onHos —{ goo's 4
wiABojouyoe) ophjoos) o
_ —oos's =
lue|d 1emod MIN 00S
l l l ] l | ! 000

(3usawjeau) seb-anyy) |
“OS/"ON-3p 10} waysAs 10joea. dLN Jallieq-24309)91p
Paljipow ,, 5134|099 |ejos0wWWOI 10 suosuedwos }so09)




sowe|y so

'(9661)

TNV ‘Yloog g sbuiwwing woJy Apn)s “(enjea-d /1 001 ~) suogJesopAy
JO uonelpawal ul sajel Mo} seb pue suoljeljuadsuod Jo abuel

peouq e Buiuueds 10} sabejueape moys saibojouyos) (4LN) |edlpel-aa.

jeoipes @8y} :9|ge|ess Ajise]
lewsayy  Appiwny ybiy je ||em swiopsd
|eoipel @8y} ‘lewlayy 3y4Qq 1seybiH . \
~ uondiospe :uondo Buiphosy
[eoipel @al) ‘jewlay}  }s09 jeuoijelado mo
|eojpels 83l ‘uondiospe  :}s09 |ejded moT

jeoipel 884} ‘jewlsy} :sajel Moy JayBiy Je snosbejueapy
|eaipel a1y ‘uonndiospe :S8}el MOJ} MOJ Je snoabejuenpy

[edipel a8y ‘[ewlsy) ‘suoljesjuaouod Jaybiy je snosbejueapy
|eaipel 8l ‘uonidiospe :SUOIJEIJUSOUOD MO| Je snoabejueapy

:9dA)} ABojouyoa} |e1ouab 3 sajnqliye
}so092 ABojouyosa)} seb-4J0 JAS Jo uosiiedw o)




Cost Comparisons for Soil-Vapor Extraction

(SVE) Off-Gas Treatment Technologies
High Flow Rate, Short-term Remedial Action
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Figure 1. Cost Comparison at Low Flow Rate, Short-term Remedial Action
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Figure 2. Cost Comparison at Low Flow Rate, Long-term Remedial Action
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« Figure1 shows adsorption and free radical technologies are competitive at the low
flow rate across a range of concentrations, over the short term -

+  The high capital cost of thermal technologies makes them an impractical choice for
remediation under these conditions

« Figure2 shows adsorption technologies are cost effective only at low concentrations
over the long term

« Free radical technologies are the most cost effective alternatives at concentrations
above 200 ppm




Figure 3. Cost Comparison at High Flow Rate, Short-term Remedial Action
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Figure 4. Cost Comparison at High Flow Rate, Long-term Remedial Action
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Figure 3 shows adsorption and free radical technologies are competitive at the high
fiow rate only at low VOC concentrations over the short term

Thermal technologies become competitive with adsorption at higher VOC concentrations
Free radical technologies are the most cost effective alternatives at concentrations
above 200 ppm

Figure4 shows thermal and free radical technologies are the most cost effective
choices at the higher flow rate over the long term

The high operational costs associated with adsorption technologies causes them to
lose cost effectiveness over the long-term schedule as concentrations increase
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