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Farrihydrie, which is knotn 1o fomn in he presence of
aygen and o be sabileed by the adsorption of Si POy and
0y i=ubiquilous nthe fine gz ned fracions of pamneable
reactie bamia P RE) sarples from he DS, Cost

Guard Support Cener (Eleabath City, MC)and e Derver
hederal Canber (Laketsood, ©O0) = udied by high nesobition
ransmnssion ekecnon mic cecopyand sskecied ans secinon
diffraction. The concumen tenengy-dispasive Xray daka
ird ica B3 sinmig ass0ciE bon b keeen faT hydrieandrmes ks
such == 5i, 3 and Or. Magnetie, gresn nist’l, aragonibe
cabzite recknawie gregiteand lepidoorocite wwens
akopresent ndicathe of 3 gecchanical enyironrment that
iz tenporally and gEtally heenogensous | Whensas
regnetite which i known to fom due o araenchic Fe
comosian, passha es he " aurkos Brhydrieprecpistion
coors avway Fom the nmedie R aurface, forming
arvall (<01 qr) discrete custers, Coissquently, R=Y-PREs
ey ranain efective fora onger period of the n
slightly @idieed groundwater svsems whae femhiydrite
Ko bon Ooours conpared o oaygean depleted syshens
whereragnetiepassie bon oocurs. Theubiqu ious presancs
of farrhwdrie suggeske hat he usz of RP-FREs rmay ba
axtended oapplice tims tha trequ ireconzminan tadsaplion
rather than, o in additon o, redosprorncked cnEminant
degrada tion.

introdiction

Perrneable reactive barters (PEE=) of zeiovade ntimon (Fa®
Blirgs hawe proven bo be o prorisivg bechrology for the
eerriediation ofg ou ndasabe Coonbadrd g contardh ants such
2= hezcavalent choarmdurn, ucakdusn, aed mikoceoones B corm-
poubds (21-@. Ion corioEon processs and subssquent
qw bhdgenis frdters] precd pikabomn bave becorme concerhs for
the Jorg -terrn pedforriance of Fe-PREs yeb fear data e
awadlable that address the consquences of Jorg -terrn co-
oEon o Eernedisd pedorrence (3. Ion COMCEIDN inah
F"-FRE by growndasaber isivdtabed by
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Fe' +20,+ HO —Fet* +20H" M
iN R eREOrdTENES, O by
Fe'+ ZHO — Fa®* + H, + 20H" (I

iN aricsdc e rrrongTe hiks, Previous bboiony ard Al studies
b shot the develdoprnent of sucBes corroEon shd
aw bhoge roc precipikbes (1 3 8- 1.5 uch s chas poscd pitates
s freesh the pedosiactivesiesw e erchaige ofe s morns
Eezbasea i Fe® and conbarrdrants is Beititabed . The corosiom
products ey w0 educe the barter perrreabilite by
ooz ping wesitable pore spece. Snothe other band, the
Eoerrikiob ofinn hoceyhpd cosiadesiasith Barge 2 e apess iy
b betiaficisl focthe irnrnobddr ation ofcar b b con Edhben s
(e, arerdc) thoough sorption or coprecipitabion (24 145,

Gena 3] pece nt sudies ppoetsd theade ptiby of 2 tkige o
phae=in el de ploped and aborabone-simnulabed Fe-FRES.
AU e rac pleces pecowe ied fiomn Bel irsedabonsstodied
by Rohietal. (203 ihclude arnoephous iton bepd oeides, gosen
st rrirecaks, goethite, ataporike, calcite, sderite, rechi-
rraibe abd elernentad sullic.

Phittipse tal. (20 investigated the au thage s preci pikabes
ab the <ok Bidge w-Lk sibe ard found coestalline fero
cephpd iopides, acagorie, siderite and wnorphous Fes
Esparifre nts in @ Jaborabone foesthoough spstern yaeided
epad oo ocibe, akagareite, mrechineadte, mmegietibe, mmog-
bizgribe, oo thibe, zide ik, green wsts, and srmocphous Fes
(12, 17%. Thex phesesae e de terrmdred thioughX -y poeder
difftaction QED) akelysis of the fregremed Sactions
separated by sordcabion. Sorne phases such o= sarnocphous
Fes and gieen wskswe e inkred fiomm the aommbined data
oficrpstal bakdt (ke aanndng edec boh mricooEcopy S END and
elerniznta] cornpod Bore (bye rengy-dispe rive K-y aralps,
ELX) betus XPD doss nob sllowe o positive de nbificaton
ofarnorphion = phesesora phese corsisting ofarrdhoraeigh b
Frac: tion of the tobad sanple mess (104,

Thes previous studies of Fe®-PRES bave described the
PR GOMCEoh prod uc ksin thedr pespechive e A ordments
of foormation. Hosewer, the techhiques ermnploved, ie,
cornbdhakion of XBL, ELX and roocphodogy obee peations, do
riob pet cornple e dentificabons of poody crpstallized
phaes that ey play & sigrdfcant pole in conbadiran
ad=orpion and authigenic poregenesis,

Thizsstudy utitizes bz h-reao] ubion tiarermesson election
rrocroacopy ([EHETERD and EDY D sinng lbanecusly anelyre
the pleceasemblages, romphologyand spakial el borskdps
arreorg the s thage ros precipd takes of Fe®-PRES.In particulac
thisstudy takes adwahbzpe of leched s electondifraction
(50ET b0 identify the rrvecsd pheses bhat reg mot be
recogrized by XED due bo their incufice nt quantibies or
poor crpsiodliv b,
bpermental Section
Iateriak . The mrnplkswes collected i thesurramerof 2000
fromn baso PRE= irctalled in 1995 at the 115, Soest G uard
SUpport Center (Eizabath Cib, WO and Detver Feders]
Center (Lakesood, S0, The hpdoogeclogy and bater
combigu i biore of the sitesae descrbed eleaahae (1, 4 164,
The Hirabeth iy (B barterisacontinnousasl], whe eas
Ehe Do bz 0 Fed erad Center (DFC) bartier bes 2 fuhnel-and -
gabe conBgurakion. The sarnple collection and arelptics
procedupes for the g oundasaber ¢ hermostoe dete omdhation
qre described in pel & T he wsults (Table 1) showe that the
arou pdwsaker cherrsto chargesd ue oinbeachonseithFa®
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TRELE 1. Summ a{;r Groundwater Ghem istry at Elizabath Gi

gl.ne 2000] ard Derver Federal Cenber [July 2000] fom Re
Elbah Ciy  Derer —gale 1 Derver —gie
ik barrimr aquikr  barrier Uik bawier

pH o 951 Fa 1030 TR0 940

Eh[iv] 491 34T 23 -7 231 35
fppegl) 03 01 04 01 03 00
Hz. [ ] MO MM 0E3 o4 232 A
b fregll) S0 23 179 1M BT 249
Kinglll 20 31 03 06 027 035
Mg Frgll) 99 32 121 a9 M 61
Cafrrgll) 164 53 10 12 M4 4]

Fe fmall] <004 005 073 <00d  e0id <00
S0 [rmall] 49 =10 2M <10 S 399
2l Fnall] © 5 &= S SaY & &3

MO fregill) 080 =01 @2 =01 2o 14
Sifnall] 048 <02 132 03 WE2 03
DE Frgll 15 % 26 B0 o5 45
Do fpagil) 12 04 23 12 1E A3
TOS frrgfl) 290 W3 1030 S0 M2 10

SDIC, Erenlved inorganic carbon: DO, Jeolwed ong Anic Ao
T, bokal dizsodwed modid.

g indicaied by the pHinG eas, Ehdeciesse, Sa, Mg and 5i
CofCEnbEakanh d e, ahd dimodwed dmonga vt cachom (L)
deciea, Thesarnphingscheres fora trigerds: phese ey Eis
repored in bhos pepe rare described inrefs Boefh, S cmid.
copes we e coleched fiomn irrpediateldy ircde the Eachve
beartiersal e o paradie vt potiorein the pegoreofrsaru
aw thigenic phiee aos urnulations, aswel s fiornrd -bactier
regiores. The ssrnples for authagens: phass rrinecadogy wers
stored in M o hikd the Erme ofessrdrakion bp HRTEM, SAEL
and BT, o poction of the sanple fiorn EC site was onacabed
inaucEhome horneche ety separate fine-g rdied posci pitakes
frorn coerse et fitings puor bo siorege . The bulk BEC sanples
wereatzoirng g haked in iedin, polished,and exermned with
SEM. The Bre-gradned frachon Gomn EC seperabed by
Tordcabion, wes arehred by XFD . SEM observalions of o
= parabed e tion confitrmed the pacticle sie o b2 10 i
oAl ler. Seventy -one coees o BS and TEC wee e aradpoed
D rraciobea] ases (PLES) 25 deszrbed in =f 4.

Transtnission Elestron M ioscopy. The bulk sanples
o EC and DFE, and the soniabed e -gredied foacion
(= 10 ) Erodn B, w2 shaben onbo srnocp bous cabon
Birn suppoced by copper gods. Esmcess mraberids wems
perociaed Erodn bhee Bl bt gen Be tappd reg. O il the werp i)
= e gy pertcles and 90 epakes erredked on the
grds d ue bo staks chocge, whe s larger porbicles weme
elirrdrebed . Sorsequently, the obsereakiors were rmade on
B0 pitied precdp bakes thabasane motaktas bed bo the =y ek
of orgired coors Fe® Alings ether by phpgics] o chermcad
Trears, mthar fanon the precipd kabes that weee Brrdy bownd
O the Fe® surbues,

The marplesaene obe pved using the brag ht-Geld irmegirg
frode GfTESL 3010 TEM with an s laration woltape of 300
bty <k reeed bafic akions Eoodn 0 Q00 bo 400 000%, The irrages
e Cean patded b BT s pec boa codie ched weith Mo @ nEDX
dekector uEng anelection besrn disrnete rofapprotinrabely
TO0 hirn and by SAET: patterns genecabed using 2500 i
diarie e apsa-celeching ape e,

The EL:Xdata e 2 used toidentife the elermen b= pre s pt.
Because the sarnples we e ploed oncarbon By ppocked
by copper g uds the EDX spectea slaoys contaned Signals
Born S and <

The S4ET hg patberrs were wcoded on Gl and
arpdpzed foo thedr digneters wddich ween cormerted o
d-specikg walues, Tha walues wete theh cornpasd agadrst
the ko d-spaucing values of kedisabibe, fregherdbe, foeg -
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FIGURE 1. SEM images of anembedded and polished zample Fom
BC shiwing he spalial relaliorships bebeen R filing (Fe),
acicula agFega ks (3] and o yploons L lline clus s (o), Some
quarlrgraire (0 ) fom P nalive 200 il m aleria bk ae akoprasanl

rebite, lepidociocite, goethite, akaganeite, sSdetibe, calsie,
aragonibe, rrechineedite greigite, perite (fiornJCPLS Cands),
grech i el F— 14, 2-line Brakpd rbe (20, a0d 6-ine
ferrikpd ite (2.

Whe s 5 0EL: isan appropaabe bechidgu e foridentilpi
coystalline phass aa;:sfrg aEli Eingie-pnth;qﬂe a@:&gaﬁﬂcﬁ*
ool pireg Jarge fractorsofmul G phecse sggega s it con hok
dentil phass that ae nob in s@geegates or ae frohor
Cornpore ks of 229 egakes, Thus, laktice fhnge mieges weane
used o sssist the phese identifatbon when appropsbe.

Readts aml iscieson

2EM = rd XED Obeeryatiore . SEMifregesof theEC sarnples
(Fizure 1) exbibdt bao bepes of authegerdc precipitabe mor-
phology: scdcularapgregahes ard Copphocrpstadlive clusters,
Irdivad ual reedles in the adcular s2gegaes ate up WO
ap poosirrabely 10 i ong, whepess the sine ofesch covp-
bz ppstadhi e o ushe coan ok b diszerned with the pesolubion
of bk irrgeges. The obsenved roorpholiogies ame corsistent
with the prwious SEM esults (20— 31%. Previous studes
showed thal acicular sgmegates were kel cornposed of
Qreat CUsSt froversds, goethdbe, lapadococite, and cadcdumn
cartborae phaces, wheess copplocopstalline cluste s con-
trited rrechingadte and poody copstadlioed oo e
bepd gt s,

XBIr data fooen the EC Ghe-gradbed Faction are shoam
with 2l rregoc peak positions ard Elabve dinbersitbes D
fresg retibe and rrechirmadte (fom JCEDS) and carborate
gresh cust (frorneef 14 g well s theee ragor peak positions
and elativednbereite s Drepdie, aragordbe  saderibe, otk
and Je padococite (Bodn ST (Figu e 2 3B dataindicake
ket the EC o poradie nt inte dece, which = in continuows
cohtact with untrsaked gooundwsaban ContEE aghe b,
carborraba grash tist rrschirsiade, e pad oo pocdbe, cal cibe shd
arzgonite. Hiderite wae nobdetected , The sarnple fomn nmd -
bearrier region ko ks lepidociocite and rrachireeadbe,

The precipd bation of el ciurn caoboreabe phases ot the EC
U p2 adientinbefacs oo be descbed in the stabdi b dizgran
(Fizupe #. The gooundasberorigiredy unde csatu caked with
pespact ho AEagoh ek pelE Moss ashee pihciesse in pHUpoh
entering the barer due o Fe® asidakion (mesctions I and I
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AGURE £ X-ray difkaclogams of EC samplks kom nexr lhe
upgadienl boundany and inmid-barr ien, shown wih e ndexing
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AGURES. bragonilkesbbility neld is indicaled &5 4 knclion of pH
ad Loy concenrabon: of Catoand DG The grondes e
compaosi Bors ofunirea ied agiker [Z] ad midbarier walss (O A
atso pholed for Elizabelh Cily [BC) Derwer Rederal Cenler Galke-1
[DOFZT), and Gale-2 [OFC2] The chandes in EC groondwa e
Composi Bonupon enler ing b bam ief ae shisnboy he g a3y amow.
abowe), abd precipitabesarsgonite. T be rregority ofSastand
LI rivy bz cernionied it e wicivdby of o paradie nt i nbe s
gearaponite. 5 bmquently, the Settand LIC concan makions
and pH becorme egukaed by conbinuivg aegordhe precipd-
kebion, webdle g oow rdweaber peases thoough the eactive redia
with ficther addikion of S The DFC goundeater wtoch
iz high in tots] dissoheed solids & bufered by cedeiumn
carbiohabe priot bo the barmeran tog and itscharnisiy = fxed
glorg the carboraberrdhers sebdiby bou pdag du g el

thooug hithe bacter (Figuoe 3. The negative effect ofcadcdium
carborme precipitates (e, decreadging perrresbiliby, Fe®
suoface coaking) = expected 1o be rnoct pronoumcad b the
upzd EntinterEes wgiorns of FEES

TEM O bearvatiors . TEM bright feld irmegesof BS mrmples
poe paned foodn btk bu Ik ssrnples and sordcabed B he-gradned
fractioh exhibit copplocorsedline clusters a5 well 4= large
(#8000 ran dorg) edorgabed ¢ pstals (Figue 4). The elongaked
coystaks are abaoys closaly smociabed with the ooy procoes-
tallive clusters (eg ., Figureda @, copprocrystatling clu sers
are cornpoed of nurme ous sred] (S50 ran), ounded b
Py b 3 esdves sond srred] nw b cof oz Yar pactcles of
S0-M0 rrn ong g, Rgure 4d). The coyphocoestattine
cluste zobearwed unde rTEMae mostlibedy the cornporent
of the cop phocoestalline clusters obsersed urder SEML. The
eular spgegates s2n in the SEM ireges ae probably
cornpoeed of the elorgated o opstals sean under TEM.

SOFT patterns of the copphocrstattive cluste = fiomn EC
showadifiize diffizction hgscorresponding iothe d-specing
vaduesofn 285and 0,15 v, thacdarechacachaistic fer il d ke
refectiors (20 (Figueedoe) . The Erikydnbe nngs ae ofben
v daad with the weell defired diffiaction rng sof rmaghetite
(Fi2 up2 e, Fertityd be iso poody copstattined, firne-g rdned
itoh bpd coedide after fou md @24 bpproduct ol byd eodrekad-
lurgical procassirg and 2= 2 product of steel cormosion (23,
In reatupe, it ocou = in capadle wenthaed diron-och sods
expeciady in aodks that contzin dissobed slis, phosphake o
other iohs thal ape sorbed on the Boiklwdoie s daces o
inbdbi b convergion bo ok copsedine aemernblages, and in
soiks thatexperienoe oorillating redos ersitonsme mks (2%, 24,
Its karpe specific sucfhce o and urestucaeed su e
coodira ion freke it an e i oordnen ey waluable minecs
(22, The ELX spec iru rncf the coyprocoesadtine ol uster (Rgu e
4f) irdicakes that the cluster bes incorporabed o hooddusn,
the prirecy contadrirent @b e B aibe,

SAFT: amd ELX analyssasee cobd uched on b hota] of 35
coy plocopatatie clusters fiorn EG O (Tabk 2. The most
corraon pbese sesernblage fou nd by SOET weas moghnetibe
plus farribypd ke . Fe rtibpd pike wees meacly obaquikou s, widle
SAET: octasiorelly identifed other phases suc bz goe thike,
beerreakibe, sideribe, rrechkivesdiie, goesgie, and peobe. The
abu mdance of fertkpdite obsenved im this study conbeets
with previous studies in owhach Bribpdbe weas aaogely
urgre ntiored (20-1%. This is poobably becws plas
i entAcatiors i previous stydies e e carraed out theough
XBI thatis not suitable for poody copstallized plassdue
ko the Jowa wed e difftaction peaks thak rey nob be diskin-
guishable Bodn bechg ooumd . For thesarme oo, Erikwd e
wezs riokde bected thoough XRIxin this study e 2., Fiaue 2.

In sddibion o Fe, EDX dekeched 5 Cnoand Sain mary
of the copphocotstattive cluste eswith occasore] M (Tablk
2. Wherss the ELX data do nob sirgle out ferrdbpd e 2=
the only imnpoctant pheee for reetd adsorption, they do
positively ibd et the sesnsmion b hase bbby d ke and
mmetals; all =i of the Etikyd ribe-orily clusters contain 55
whane e tage fipcton of thern slocon tenda, Cooand M,
The E< groundesabar cherrastny data (Table 1) suggest that
the PRE i5 4 sink foc both Saoard 51 Fecthpdibe is khhoam
bostiorg] yadaoh 5w ks histabd tres ber b pd e and o2 gods
the A cthar ceadation b B e ceg bpd ioeid es (27— 300 Field
obsereations bave shoaen thak Fe®-PEE =202 lorg- beom sinks
fordizaolved siLorngoonndweaker (#, IEhoas bee h previou sy
shoaa that the sorption ofkin WD, & o), Saulh. ahd S0y
ohto fernkpdibe sucboes gleo oocucs (F1-30, which is
corsisten twdth the obe ped EDY spechoa

&, bag b rieeeg rafcsabion ifrespe of the outlived poction of
Frume 4o gives Jathice fringes with 06 hinspacing (Figue
dby. Many of the eorgared copstals are identified 2= k2 pi-
a0z b Ercarn Ehezar o opatad bea bt geasel] 2 thoscharas e ot
Yattia frikge spacing thatooresponds bole padocrocie (020)
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AGURE. TEMresilk fom BC samples: [&)]an elbngaled ors bl closely eociaed wib arounoed che Ler of small (=40 rm ] per Licle:;
b magniiked mage of 3 porlion of (3] reclagle enclosure] exhibiling several well-denined lallie ringes farmows] wih e value of
L rm, which corresponds i e lepidosmils (0207 3); [¢) S0ED image of he roonded o e B in[a) revealing dimnes difas bonrings
halcorrespond b b2 Gqpacing values o025 and i, 15 nm, bpicalo ity ile (20) Doeher wil e difrachonrings fom amorphals
carbon fim jzample hoker) ali22 and 0.t nm and skong difkaclion spols rom Ihe adjacen | elongaled lepidocrocile [d] a clue b of
amall [ 50 m) rounded par bic ks and small (<200 nm [ong) acicular paric ks (€ S0ED maoe of (he cle e in [d) echibibiog di e
difTaCLion 1ings Fom e iydrile 310,25 and 0.6 nm owerlaid wih he darker, beler defined dilkesionrings and spols of magnel & [ [
ED specirum fom e clusker in d) indicalking (e presence ofGr and Fe (DU Signak @e fom (e samp e hokder} () an dea conlaining
b elong.aked o 5 ks and crplocsys Bl inec s ers; [H) hiem agnised imane o a oryploo yslalline s ing)(reclanglebo reveal ing

domaire of near by unifofm $ie (~&— 1 rm].

TAELE 2. SAED-Based Phase Resemblages and EDE-Based Minor Element entory ke £ Cryphocrystalline Clusters?

pheee 2esemblage by S0ED

FH + M
FH
FH + M +is5T
FH + M +HT
b= +i5T +HT
FH +50
FH + P

re ol
chislars Cr Ei Ca Mn
e d 17 9 a
E 2 E 4 2
d 2 1 1] o
2 1 1 1] o
2 1 1 1] o
1 u] u] n] 0
1 1 1 1 o
[ +i5R 1 u] u] n] 0

SFH, ferribiydrits: MG, magnetita GT, gosthite: HT, ematibes S0, siderite: Fr, paribe: MG, mackinawibe G, greigite

28, The arred] =200 rondorg) scicular packicles oocasiormdly
imcorporaked in the coephoceestalline clusters also b bdt
hattica frirges of 06 ron ahd a2 corsidered b0 be lepd-
doc ok,

&, bigh rreggrd b Bionirrgge ofiore of hecry phoco stadl pe
clusters (Frpue 420 evesls urdfoomly smed (—5—10 ).
rourded dodrgdres. T e dodrid e collectively commpo® coy p-
oo ppstalline gredie, whdch becodne pact of the o pplocees-
blline clusters. The kitice finge walues fourd in these
dormdie vary behaeen 022 and 031 ron (Figuoe $h). Thos
e resernbdas the TEM irneges of B ibpd ibe clusters of
bt ity cad abd spnthe b onigins (20 25, 25 ik euneol the
darredn sine, wa s bde Jattice Tirge specing, ard sphecicad o
potvbedead dorredn habdt, It should be hoted thak the
elorgabed copstal partially shoam at the bottiorn o Figuedh

Ed 7L wEMWIPOMMEMT AL STIENCE & TECHMOLOEY (WiDL 28, MO &4, 3

ehibits the laktice fhnge specing of0.35% nrn although the
Takbic Frirege wadue adome does nok sy fRes Bes positive placs
i entification, thes fhnge rey be de padocoocdbe (120).

L'F sarnplesalao exhibitcrpprocopstattine ol uste =, T hey
are cornposed of sredl (A0 ki) aciular pacticles and
roukded o polebediad Qe (Fiue 5. Large (500 rd)
elongated crpstalswere mHormsszn, The 50 EL patberrs foodn
these cropphocrystattive clusters indiabe the wbiquitous
pre= e of Brikpd e, in addibion b gredgite, fragie bk,
and oocsiong] e knsadte and goethite (Figue SH. The
G0FT-ide ntified phese sesriblages Dr DR 208 S0 mnacized
in Table 5 bogether adth the rdmor elermen b inven ioee, The
daba sugpest thastiong asaociakio be hasss r B o bpd ribe and
retaks, a5 il of the ob=ped clusters contan detectablz

snouh e ol 5iwith aesocired 5 and Co, and oomsored S
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AGURES. [a] TEW brighk ek maoe ora o yplocrystalling cls ke rom DR, |1 & compased of small [ <100 nm ong) acicular parlicks
andzmall [ <50 nm | roonded Lo pokfedrs | par beles, (b S0ED mage of be clsler shown in (&) & i g di s &7 R e dinkacLion
rings al ¢ = 0.25 and 015 rm ower laid wilh he darker, belier defined dinraclion rings alrbuked 1o mack nawile and greiile (o) EOX
gpeckum of Ihe zame clekr indicaling Ihe presence of i, Ca and Cr in sddibon b Fe and 3 [0U signak are fom he sample ha der).

THELE 3. SRED-Based Phase Fssemblages and EDF-Based
Minor Element rveniory for DEC Er:ph:n::‘:lstallre Chisters3

phrese zssemblage by ZOED e oolchelers 51 5 Ca O

FH d d 4 3 1
FH +Ms 3 a3 10
FH + 5k 3 33 3 0
FH + 5T 1 1T1 1 0
FH + 5k + M 1 T1 1 1
SFH, ferritdritec MG, magretibe: GR, greigite: GT, goethibe: kG,

Trodc M b

Corros ioh Produe L Parage res iz T he o baquitous raku e
of B tibpd tein EC ahd DFC sarnplessugoasts thak the ong -
e pediooance of these FEES riry b2 influenced by the
Brrreton ahd core sion kireics of kErlyd e,

& lirrdbed mumnber of studes quan titatively discuss the
kinetics of frritydoe foomakon and  tErsloommhEon in
S IR Mk televant o Fa®-FRES. Ih 5 nthesis stud &= ab
arnbae hit bernpecaty e, the d gdorg aecatbon of dissohed Be-
0 2k reeutied pE pooduees ke padocrocibe whe n the oy Bon
SUFe rabo 5 < 0036, and Boibpd ke when ik = 036 (24,
Fh, 8 mother spn thesis study shored that the bpd iolyss of
el ionsin the presence of TG and subseque ntsem@bion
Drrred B o bpd ribe astha m 80 ik thioow gh the inberrned iabe
she ps of carborate gresn s (20, Fucther 28 mion cansed
@ rppid corve psion boomnooe crpstalline gopkyd poedde s such
2= Ja pad o poacabe ard goe thake, but sd=socphicn of phosplebe
ot o fe i bpd rike presve nked the corerson (27 . Socphon of
ctherspecis including Siand 50y bas been also pepocked
o stabdire ferthypdite (23 34 34, Fourmakion ofbe mikyd dhe
g the product of Be® cocwoeion bes sl besh docunne mhed
IO oo U LAk @ feeae weeks At rnbde vk bernperaky e (5.
These studie sconfomn that the obs reed rrirerdasernblapes
ih BEC abd DFC sarnples ape corsishan badth the Fe rranecad
parzgebess docurnented inlaborabon studies of ion ceida-
Koh: precipiation of Erahpd e (ein carborate green st
when DIC is presh b and U beeque mkcordi b rel Corwse o
o copstalling droh asybpd poeddes, The corme ision b cepstad-
tine doroe byd cosdides is pad in the abeence of adaocbed
species, Sh the other kand, Emibpdibe roy pecsistinde -
ribedy in the presence of stabdizing species such = 56, POy
and Foy. It &5 waocth noting that the BC and DFC goound -
waers contah Sgnificanty less disaodved 5iin the rad-
Eeartier reic= teabiib the o peade n binbe cBus g (Ta bl
Iy, It is Jikely thet mruch of disohed 5i i ad=3orbed 1o
Ertikpdrte. The observed sssccimbon of 5 with cop phoc-
pestalline clustars aleo suggects the adsoeption of & ko
Ertikypdrite.

Carbonake green et wes detecked by XEBL in fraberids
LiornEC bubwess potfound by S AED. This ey bedue bo the
spatial elbiorship bebeen Fet surboss apd gresn cust
Qrear Cusk ey et either a5 discete large portcles oras
2 Arkce e on Fe® Blirgs that canmot be rres bardcady
separabed. T be TEM sample prepacation beshroque used in
thisstudy pecrii thed abdes boased armed] pocticles and cluste e
& previousstudy foubd thatcarbormbe gresn custformned by
Fe* cegidation i= stabdized and core sion o Eribydoe is
ietarded if cenegen becornes depleed ard phosphale is
present [ 27).

Mizg retibe = anothe r rdve ] prevstivg in both the EC
and TFZ FREs. Previous studies shioaed thak the foorrakion
of B ot bpd ribe peq uires Cegape 1 &2 Ak Ceadant (27, 24, 30 F0.
In stricthy snseroba emvilonime ks, hoaever the Fe® cor-
oo Jezds wothe Bned poioduct ofieeg retibe o daee Sl
(3. Magretite i slso are of the porag podocts of
rroziobis] Erubyd ke :ajuch:r}lﬂ? The riogre ke obsansed
u ke rI—]:RTEHm thas skudy is kely to be the datter bz
it existsastb b thediss: iebe o ushe s boge theradth ferriby d dbe
tather than 2= the suace Gl on Fee,

Ion sulbidesee = adan detechad by B akthe upg madient
inbartace of B (Figuee & and by S0ET foodn both EC el
LFo sarnples [Tables 2 and 3.

The clo= pooedrrdty of B cribyd cite, lepadocoosie, carbon-
ahe green s, iron sulfd es and rieg retite the s eaants
SO codnbd pakion Of thiee possible esplaratbors: (1) bog by
gotive roatad reducing beche ma (MEE) and suliae reducirg
bea: beria (3EE) COfrdnil babes (3 ke tepogeneous pdoe en-
WLIDIFTEN ks S0 pportifg sirmul tareous Cadc ahd ahoiic Gor-
osion; abd (5 beteroge peows 2 oow pdesake ¢ eo berrics]
regirre=in ahas b the cohcen ipations of s pec s thab oo bd e
feribpdte abd green wst 22, 56 Pyl Buctuate, Thes
explanationsae w1 possible in the study sike e riordien s,
It has bean @ pored Bomn both EC and TS that the FLES
structu sl goou ps ind iabie of MEE comprise up bo 13 of
the totsl PLEFS biomes, wheress tho® indicative of SEE
COFNpLEse U p bo 320 (A, adthoug b the bulk 2 o nd wele cand
beartier pore waber contzn sl butdetectable comcentoa-
HohE 0.1 -0 8 g L) of cepegen (Table 1), thes datado not
exicude the poesibitie offocadauncds cauzed by hetepogersd
i baogeccherracs] ard hpdoodogicsd regirnes. Thus, the
foorreation of freghetite in these PRES tahes ban pabkasy s
angerobi: corcsion of Fe® and rrocobisd reduction of
feribpdte, In arosi emdordmmehts the MEBE and SEE
COordil P ks foe likedy bobabe pet inieoh sulfide Do,
Fluc tuakirg Sorbabe conce ntiatiors and cepoe i corcen k-
tiohs result ik the pooedrned forraion of carborabe green
rust, B oo bypd ik, snd goe thake lepid oooocite I iinberesting
bbb bheak Jepad oo ibe sund @0 bhdbe asere 2ald Orn 28e 1 ik
L'Fs mrnplkes unde cTEM. Thos mroy be becaus DFC walker
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cohtzibe larger arnounts of TLE than does EC owsaker
o lribw Bireg o thestabdl rakion of ferrikpd dleand prevention
of ¥ pad orocibe and goe thdbe foomakiom,

The abeerved rrivecs seernbleges and inEmad pocege-
rietic: reta biore i pibdicake that Fe®-PRES radntadn cornples,
rioh-shedp-state tansport and peaction egirnes, The -
Koh-teavepoet rrodels with srmcoth chermmes] and bpd ood -
rerric gradents (F, £ hae limikbons in sinolatng
riitersd precipitaion in spatisdly and ternpoady beeope-
POl S PR IO b 0, Sho beastic: boeabrre nbof Do peg irnes
(43 comnbdred with stochestic descrptions De the sl -
el = precipitations of e testabde rdre ol assernblauges
ey becorne uzeful in pred tivg and evaluativg the long
eon buidd up of authegerdic phass

Irapliatiors (o Long-Terto Barrier E fciency, Marg
PEE appliptons deperd on the educing retue of Fe
Coreequently, PRES riust mot aloa for edthe e oornple be
coriosion of Fe® ot complete cove age of Fe® =y facas by
COLoEon pood ucks,

SEM arradpsisof B sarmples oo the o pgradientintedacs
irdicates thak the 2o diaces of Fa que coverad with L0—50 wrn
thazh s thegaric precipitaes afber fou opeans of Ope @ bon
(4. The sarme swdy showaed that the sanples fucther (5
cr boweard the dowrgradient erd bed mruch thinrec (<5
) S0 s pracd patakes ( #). SohEq Ue My, Jokg-barn s c eSS
PR Eirstallabionsoequies bt theg i sirecfFe rraberls
bezzufficiently kageard the bartberdirmension be sy fice nky
widesadorg the gooundwsatee Boar peath. T ke actusd geadh simes
ard bartier dirmenEiorns mnust be dete mrdbed accooding o
the cherdstry and by podogy of particular sites,

Thas study revesled fectbpd nternorpholiogy to be dixrete
lobe shaped clusters FRues 4 and 5. 5 pevious study
bz shiaeh theat the spatia] edabiorehd p bebaean Fet b
ard cotosion prod ucks, mkher than the ove el quantiby of
cocsinh produc ks debe ndnes the eactiviby of Fa (439, It
gleoshoasd that the peactail ofFa® s cface s wes rivd nibed hed
wie n Fe® corosion proceeded in kigh iordc st rgth woaer
it the prese nce ofceegen, wheneas the reactv b deciessed
e b the corposioh book place ik aboii, Jow Drdc stingth
wate (3R, Ibislikely that aeobdc, bigh iora: streng th waer
prodiokes the Drrretbion and sabdizabion of d e e Eoo-
hpdrite clusters sy fomn Fe® sudaces wheeas anoiic
COLoEon prodrotes the oomraion ofrrege e su e Bl
(3% thet possieabes the Fa' oy ofacs .

Irapli:ations bo Other PRE Appliatiors . Ferrhpd e
U cEuces b ve oy bag hsorphioncapeacity o mrany dissolved
species ihcluding ores with erdordmen bl corseq ue pees
ch asCddHdd— 40, PE, CEHER, Aty™ (47, and otgeni
cofrpoutds present in bertbacades (F3 44, In Baob, the
effctiveress of Fe'-FRES for ar rake Ccohtarmtabed waer
previously repored i=due Daophion mekher than ieduchive
precipitabion (7. The ed uctive ernowe] of ST by Fat-
FEE rry sl9o b2 enbanced by the sooption of S o) onto
Ertikydhte sudaces, Thus, ore mey take advanoge of
Ertihpdrite fomration and stabilization in odear o utikise
the Fe®-PEE tech modogy tocomndu ot ad=orphive emediakion
proced wpes thak do pob aolely wly on eedow cesc Bors.
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