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FIELD AFPLICATION OF IN SITU METHANOTROPHIC TREATMENT
FOR TCE REMEMATION
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ABSTHACT: In s n'llhuu-l.mpli: irsuimenl technalogy (MTT) =ns evakased
al oage coraminaled with chlorinaied ethenes and bpdrocarboas near & patural
das papeline compeesand @atkion The formation is charscterized by approvimatcly
5000 (15 md of sapealitic overbunden above bedrock, and a depth 1o growsdwater
of B s 10 0 {24 1@ 3 ) The MTT symem was setomated and mormally
araiiended. Air and methane were inected, soag with nitrous oxide (M0 and
trisibyplptosphate (TEF). a3 sutnicsl soerces, TEF delivery wos inverminieat
MuENMEMMMM}hﬂMMEEﬁHTE
pgl in the well inilially exhibiting ihe highest concentration. The radius of
mfleree of the ai inpcion was approsimately 3 i (% @) Metlanotnophe
boctern incressed over six anders of magntude and eventually dommatel (e
wadwurfwcs microhicee, The reedts indicete that, 25 long & nitrogen and
pimsphoras wers polably supplisd, rapid (two 1o four wesks) growih of
methanatrophs and associaterd oxidume of TOE fdlowsal This pdied sysiem s
cxpanded 1o boremediaie the enfire plime above badeock, fhies addiions)
mpclia welly wese mslallad, sloag with observation walls, snd o sew TEF
diffusian syilem was develnpad

INTRODCTION

Meshanoirophic baciena prodoce metlane manooiygesise [MMO) o
melabalkes methane. This oxygenase s non-specific and oxidizes trichlorosbean
(TCE]) 1ix TCE epanide, which hiesks dows pspadly baea daughier producis thal am
readily biodegredable (Wilson and Wilsom, IT7), This & b peinciple bebind
melhanetiophic meament echnology (MTT), & developed by the G Besearch
Insisute (ORD n & sullipeor, suliadisciplinary research and developmeni =fort
[Legrand, 1995), MTT wis applied in situ a1 the U5, Depanrment of Energy’s
Sovargah Biver sile in 1993-94 o remedizte 3 TCE plume. Air, metsane, ;0
anel Iriethry lphesgdune (TEP) (muogen and phosphons sounces, respeclively) won
mlid via a lorEoma well 1o stimalae e growih of methasotrophs, ackieving
wabslantiad prowih of sethanatrophs, productes of MMO, and degradation of
TCE (Hamn et al., 1997},

A gas lrarsmission company and GRI cealzacted with Radias Interascionml
LLC o evalume & s MTT af 2 mmural gas ppcline composiads srataa, willi
sshsurfece costamisstion. The sie is in rural Yingnia. Depth 10 groundwater s B
s 10 A (24 w3 m), mmd sverage groumdwaier velooky B LY cméday, The
formalion comsists of apprecimately 50 0 (13 =) of sapeolitle averburden

il Aigrprasgigige and Fipienaesdonze

ihydreclic coaductiviy: 3 s L0 mml) abowe bedreck. The macswum
conceseration of chlorinated wolalile organic eompounds  (VOCs)—mainky
ietrachboroeibese  (PCE) &l TOBE—is  spprocimately 2000 gl  some
mmmmhnﬁmm.mmﬁmﬂ‘mL
the sawrated saprolide and the uppst fracteied bediock. The areal extent of the
phame s arousd | scre ({14 hectare).

Ojective. The objeriive of this pragpst wes o evolmle the feasidity and
olfictieeness of in siln MTT @ this ste by showing sobstantial [one order of
magnitude] mil rapid {a lew momhs) degradaion of TCE, the s costaminant of
coroern. The process had (o be senple to install ssd operate.

MATERIALS AND METHODS ;

Man and cmss-sectional vicws of (e well incarons cen be found i Figuees
I and 2, pespectively. The injection wall [[W- 1) wis issralled within 3 f (1.5 m) of
caistisg Well MW.7 o targel & TCE hot sped and allerw mostosing from MW-T.
Addiionl observation wells (OW-] throagh OW-4) were installed & edicated,
bamsed oo an eapesied radius of nfuence (RO) of less thas 20 A (6 m). The
isgecilon well was comtnacied of 1-in. (13-cm) diameter galvanized sboed casing
witls | B (M emd of Fin (Fcm) diameler stankess sigel, wire-wrapped wall
serecn. Clems unifrm sand was emplaced 15 & in (13 om) sbows the scresned
M_-ﬂilﬁ.ﬁﬁm]bmmiw-plﬁldlhﬂlﬂmmm
remaining anmulus was grouled o land surface. The observalion wells we
coastruced of 2-in {5-cm) diameter Schedole 30 PYC casing, and LB o 300 (5.5
15 5 m) of sceeen. Twn soil vapor sampling poims were abo iastalled.

Tmhmewm“mﬁudﬂuhudHMHMm

A 3 b (056 W) e compressor with @ 30-gal (114-1) ebr 1ak;

. A supply of methane and B0 in boralery cylmders, and ligeid

TEF with & meierisg pumy;

B Pﬁquh*“muuﬂvdyhpdmdhﬂ,H:D,mdﬁPi

tba air bime; mross Qow eonieoliees (MFCG) for CH, and Mo and

- A lower explosive Bmil (LEL) detsctor Up prevenl the methans

concestration from encesding 304% of the LEL.

The aarflow was isstzlly 0.85 scim (24 Limin}, resaltng in 20 pag (138
kPa} of pressure al the welheal, The pressure dropped graduslly durisg the
cusise of dhe test mun, requiring 1he fow rie W0 be scrcasad o 1,24 scfm (35
Lmint) duging the lasi four weeks of the test Methans and M0 low rales wens
rosimled by MEBECE o 4% sl (R02% of the sirflow, respectively. TEF was
metered ;e al approsamabely 024 ml. gasnin The syslem wis unanended,
alboasgh several sie wisks ware mads chaing the Lest run,
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FIGURE 1. b sy MTT demossarstion, plan vies of wells
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FILGUHE L. In ssu MTT demonsiraiion, cross section
RESULTS AN BESCUSSION

Operatisnal history. The in silu MTT evalustion was operated for 139 days. Al
the tepinning of the test, bebbding and preseare buildup were detecoed & Well
O I, possibly dee 1o shom-circuiting from the nearty inecion well To uwveEnl
abrgepig O TCE, this well was tightly capped For 1he deil of the tesi ron.

The nethane feed wis continuous Tor the first fve wesks, chen it was

(] Harmnedanm and Proreassdaros

paked on o schedude of B Bours on'Th Bours oft. The teed wis miemipled by an
wrikpwn mallunction fom Day 65 1o Day T2, meal by o cleclicas probiles [vam
Dy 78 io Day 97. The onginal design called for metering in bigesd TEF & 4 rale
aof 7 L Equudimin, on be assomplion hal il would evaporste in the line.
However, ihe progect budper did mor aliow fior the necessary melenng hardware, so
we selthed for & flow rete ane coler Of magnitwde begher. Uafomunanely, liquid
TEP backed up imio the sysiem and disnspeed the aperation of the M0 MFC; as a
resull, the fow of W0 was imierrupied from Day 31 1o Day 100,

Sewveral abemnative sysiems o TEP dalivery were eveluaied, including =
cylmdrical bubble contactor, whech faded 1o evaporate TEF &t a measurable ree.
Lilceraiely, we deliveread an adieaiis phosphale solation 101he wells durieg the kst
four woeks of the 1esi. In sumamary, phosphones was delivered 1o the subsunface
denng the lirsr Bw weets and the Lasi few weeks of (ke e,

Subsurface Chemisiry. The copper cosceniration was below the desection lims
af |4 pgil, well below inbdbiiory coaceniiations lor methanmiophs. Chionide was
found & evacenira o of 20 1 TO agl., peclhadeg s use o & geoxy or e
degradation of appronsreiely 1 mgl. of chiorinated eibenes. MErogen {niirate-
mitrite amdd total Kjeldahl) and phosphons (anhophosplale and 1ocal phphoaus)
weie well bekw | mg/l, ndicimg thal mscromstnents would Bave 1o be added.
Toal organic carbom ranged from | i 10 mgdl, desolved oaygen oonceniraions.
ranged fom 01 o 2.8 mp/L, and pH ranged from 5.4 10 6.

A e evadl ol 1he evaluation, lols] Kjchlad nilrogen was measumd ol 004 e
4 gL, whereas phosphons (orthophosphate and potal phosphoms) was mosthy
b dhe detecron Bl of D00 =gl che highest valoes were DU D mgL. @ Well
MW-T. These low concenmtralaes seom afier the sdddion of the phasphale solulion
coniirm thal (ke subsecfac: emaronmeni i phosphones-limied.

%oil gas wis also sampled and onalyzed for methane and TCE. Backgoued
levels of meheae were 2o 3 ppen¥, and 6o Beckground TCE was dsiocoed
(dmiocton limit: Q005 ppmY), On Dey 21, wnd sgain oa Day 48, methane
concenirations of up to 4% by volume were fousd. 'We assome thet disrupions s
matrienl delivery lmiled carben uplake, which sliowed methane o build ap in the
sutesarface. On Dy 139, aller fowr weeks of oplimal operation, ibe mechane levels
had dropped to betwesn 2 and 30 ppm'; 095 ppen¥ of TOE was measured in o6

wvapar ssnpling well

Sysbemn Performence, Fygure 3 depecis VOO concemrations o bW T=ihe well
wilh the hoghest inial TCE readings; moes that TCE conceniration o nead om ihe
nighi-hasd y-axes Sueting around 3000 pgid, the comentralion of TCE dechned
dramatcsly inthe i Uwes wieks of e besi. Despile the noirien! disrepions, it
contgiued 1o decline, albein mooe geadually, 1 150 pgl. BCE went from 50 g/l
0 mondeiect in theon wooks; PCE s not subject so any known serobie melabalism
or cometabolism, et fis degradation can he enlanced By nearhy methanobrophic
activily (Bmzen e al., 1995L In teoe and @ hall mooths, benene went Som 17
ppl b0 nomdeiece, and irars-1,2-DCE wenl Bom I5 gl 0 coadelect.
Kirprshagly, 8- 1,2-DCE Duetugied Bl @ elear decling i evalom. DA declned
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FIGURE 4. Oxypgen salurslisn verdus dislance

hezome 3 dominess fraction of the mazrabiora,

Concluskens. bn sgu MTT using standard verical well i sfisctive a8 rapidly
comelabolizing TCE in ke subarface. An RO of 30 ft (9 m) was schizved in this
relutively tight foemation. The pikor spslem deserited here was capanded 5o
remodiale the eatire plume by the addilics of two injection wells msd e
abservacion wells, The compressor, MPCs and piping were upgraded o
accomumodale wp 10 5.3 soim ar (150 Limin) and comespondngly higher Gow
rates of aiber gases, A new TEP comtacior was developed
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FIGURE 3. lmpact of MTT an VOO esncanlratbana
[milcregreameil)

feven 130 1z 15 gL ower the durstion of the s

There is some evidence of YOO displacement jowand Welk OW-] ed
Ow-2. DCE and DCA increased slighily in OW-1, alihowgh ibe vitimaie leved was
siill below 100 ugl; TCE increassd from 200 1o G50 ppll in OW-1. We
hypoihesize that this dsplacement |5 due o mounding of the proemdwaner 1abk
eaused by the air injection

The pressere in the mjection well wes kepe below 14{0% of the hresdos
[presiues in urder ko minimize Siripping and formation of preferenial fow chansels.
The focx that gome VOO levels remesed constanl of even incrossed in cestain
wells sappeits that sinipping was not a majer factor m the YOO redoctions
acheved. That suggesios i ceinforced by the Fact 1kl wery Wile TCE was found
in the soil gas ot the ead of the svaluxtion.

Radius of Influence. Omygen sacoravion versus detance s showi @ Figues 4, The
Exgrom curve indicales that, indially, e proumdwaler was mosily anzerobic. The
curves indicms that the ROL of be er inection eveniually estendsd 1o
approgimately 30 K (% m). Note that the last set of data (Day 140) wes obtemed
24 lborurs zfier ar injecios was slopped, wiich explaing the low seuralion near B
injiction parinl. Hebem tracing was coaducbed twice and ssppoms the ROCH
Eslamaie.

Growth of Mathapoirophs, Meohaotraphs wens enumeraled by wsing the most
probable mamber proceduce. On Day 94, very low counts were found {1 1o 15005
it (s thore Bad been lengihy deruptions of the melhane and MNyO delivery. On
Dizy 140, hawever, methanotiople i most wells exceeded the snumeralion Limil of
3.28x 10°, which demonstrates that, afier methane, mir, and matriests are pelisbly
Supplied, mastive melbanolrop growlh oocurs in @ malter of weeks. Total
bacterial counts were berwesn 20 and 3007, indicaling that meshaaotrophs had



