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1"0 Intreduclloal

'[h[s n'4rx,rr r&nsrrnbr:s lfut gts{la'ni,c arr,ri hydrwtogic csr.ditiorus a[ $]s Dinon Morql*tflc Cr,lneert

(:$tt\)flettni' ;bj[r rsea',I' Dir,o'n't., 0lllnrrroi:s, amd llue sran'cumding ale,o. lnihrmation {inrrt puhlishcr!

tna&sriall mirwi dim,vl fiqld stnldriqs et [f/he sitc fta{ rrsru $ilntpkucvl by Prc$t]on finginrtring, Inc. and

Vtntmtr, !nc.. ttnr* urnerf . W,clfin and piicr.rr,rrl,c{Eds tr,'trrc ilr.utrllrrl in anrl uurmd thc lara{fill. 'l'lrs rvdl.r

'ut'nl ttse Rruli Hio-*rr '.r,ctu "+anrplcri lo ardnblish th[, c"h$ni,c:al r'hu,rartrrislie* orf ilxr [!?rrusd11'*q*t

gnr! r,rlrfn,c,g uiristr. [fitr',rlnurufiic a(Fndtrlt{ilit}'trilr- na,fft:,n]fdtyctt'd (]n lhc rnonitoning rtrlls" A snrdy

,nf hrttJ.,r,ucfv, tX[ui]iltc rtrlr,ri jio[lrrt Jt'Jdff!1.$ rr, "rr. r-{r,!fplc{,:'i!, T'lr4} infomrnliolr liwn tlrrl publislrctf

:i,tttirt4et#aM fiiorrt tlx rel[* dnlc',magl,tloal ir pr,ricrllrtl .iuul intrrprtcxl in dril rErrru

1.0 (lcafosle $stling

2.1 iltrg,lonof (le$fqg!'

,IIue,alc,l*,ilthinl0l;rnl|g'rrif.[)itr.utltrnl{]}ltirtrlli;i:tl.;tr{|t.jlur:l!ll.,,u.k0|tllit1t|1g*tlf|a{,

a0rrm14 tlnu Rri'u,li tliv:cr, 'l'luc flrcrllrr,,:$i inalulss (ilr,,rqlsr of rnrarasitrgagr:f rlrn ir{oquolifln, (inl:nn,

[,tlltllc'.d[[f.,\nli.:fl|".iuut||trnirierfr(jtlicn(ilrltt;ui,..ll.,rr'li$lt]t(|$q,,ylirtclrtrrne.t|!lllltilr'

orxl tiaxltgpilr,nlr' 'lllc h{uqulrl;eln uail Grtllrlm (ituul,,, rB/!r:;ri:rt nf slrslc, llnrerrlrrnc.. ilnd tiolomilc,

alt'rlthclclu|{f.li,4t{xnfly.r:szl|l|!t'^lclriluf|)ir,rltr,.1hc||l;,ttc,',ll$c(jl.irl!1{j{i|1ct.,l',rlflill|fulirlrctltlt

*trl|trlltIt9.irrlyrlil4r:tIl|ii'}tiinl|nr:|}ilonf|(i;|!iir;ll.irnnnlix|i|tlq:li|lr,l$tl|,lNtc[r1ifi,finlltrlrtnli*nill

ihr:'l,0lllttctrl.[lr(iilrr'rr1rt|l',ilti*rrtint':detlhe!}iloltlt|1i;.tttttt.l'lc{'.crtlltvt|pltllt|.'Iirtlirnt,{l8!|l#tts'(|r

I)rrgqlll,'l.;tlfih[|t.14,11}|..r,flhrAltec!l(irtrirr5l;tnrlritlit,'rn||r,(tft|rg|nritit.it.t|tl(]|rictt{.il,rrr1l

!,rrr.,,rllly. l'arlrtoylrur,m;ltu ,'lui0u r.,r,,i[{tfli;ilt !itgllrr'r irltd f,ifrliho!cr ilt thr: [flnltsr"lh: Otu,gp,

q.1!l0[fi\t,(',l.|lu'ri|.rrtll.'!i.|lalr,lldl|rrit,l.ltk{,rfdlr,f.r1l|lttr,rrtt"/tl'c|lu,ltt|[[|lg

\th'l,c*luit,tii't/tlrh.'li|ral*i,ncl;qo!l1lnt,l,ilx,ll,u,tnlfllt(df01'(1r

lru :,,rr,,llllf$'tj;ialrl lut nl,r r'

l,r,'r''lr;,.$hiul'.t.|l,',t',g,n1'nn'.u,,,liutlt|rrlifrr.lll{}l'c

:lufc,ltnr,,rti.,'.lll.lf1;lt+:l;i[,|.:hi|crllrl&ridltllv..c{!ii4.5lIl!rr.r;,,tlr,t.'1|Il|tlJl1;

il r'' rrrrrjJ l, tl,llrrrrjAr tlrlll



The l|..;olck River flowr to tlm qq16ft,u',rxt urrrar Dison" onnl it ftas c'ut into {hc br''(irocii- Tltc lSl' troc,t*,r

*a.ndrilons is r"rpo,sr"J along rlfiw ri','cn nrcar Orand Dctour, and ttrra llatlgt,ilNc $roup is cxptrsul

near Dl.xon. Thc rivrr ulake's a sharp hor*cshrro-ntmpod nr$iltdsr ncor Crnnd fle{out, llos:sibly as a

confirquenr,s ul'jcint sy:ilcarur isl illc treilfilcii"

Unconrolidalffi ttol{r,o{nc drposits consi,;l of allulirunr in lhu R*r* Rivs' va!ls}'" g;lncial tilN

dryo*itq arul '#furd+lowr losf,$.

2,2 Sllt Gco*ry1i

Thc surfpce matcrial hnr bc{,n rJirilurhrf in ;.uld ncirr [lue' CKI) .lispouul ;u.ra.. Ocerlyiup lhe

bqlrcak aro l$(r lypec of nurtcrial: eoil $nd ru*li spoil from ntinilqf, (tlx"ra{ii,rlrr, tljrir.:ltll5'pluertl irt

windrrrn'a on lop of'thc Pccat$nico llonmf'.rr\ slrl cqru{:nl kiln dusl, clinfit:r'. ir*ri t*lltur rltrlrrirn

typimlly pkectt on lop of drc Psntonico I'blrrrrlion rurrJ lfrr: rpuil. ''l'loc tltir:Lnst$ (fl' tltr.r .rlxril

ri:arhc:* 80 to 90 fccr in lhc rrycrt(Tn psrl of tlrc lnnillill.'llre thi*kr\ri.$ $f lhe {lKI} rcac,ltcu ahottl

60 ts*'t rcar thp csil{r of 0rs lfldliil.

A r!*;,uriptislr of llw r;lrotigruphic u,,lutult al tlli: l)irtuu !r,!il{ur:lfc (.",ulnr,nl p!tutt :rns puhli*rrrl in

tilc f lf inors fitillc (ir,rrhog,icnl lirr'., cy (l'irt',itl,rir 5{12 (Willllrirrt :alril Holitl$, l9?fl }. hr {hr"" +'irvulnr, lltc

(irilnd ll{our, hfiflfirr, rilrd l'c{,ui{lricil lt{xnlalirirr,r iu'r clr"cc{rherl {t$ {hcy nppr";u'in uu{crn;1, 'l'hsrt

lfuce funclutions lrc rr(fxftitll ttt t[rc silr, ;uul mc lful,cliberl lrrlotr' lriltorl tn} {lri,t{i1lir.rur iry

\iJilllrurl ,rrri,l i(gfal;r, !lc!d oltrclr'';l!i,pr*t; ol' rlul',:tvrpr; ll)' Itrslik n llotllillci,girrpr. ftec., .irtrrl

',:I,;lillrnifli{rntrl't'u,t;k crrt$i fto,l! lrols'rdrilfnl firrlllr.ollitr.ntiruli t,,'rl!s.

'llrs (ilulxl l)r,inutr l;onnoliort i'ti rJllur.rrirutirt(t11,' 31? firr;tt llli{:h, rutrl run,rqitilr; ,nf lhr lir:rtrr':;ir,rtf

rtunib,er ( I 2 ll.c{ llulr;fu) ;rftd lh{, Strrlholulr ti})unt}fit U{l li$l lhir;[tl. 'lltc lrr.'trdrlutn f ncrtthrr in a g,rgy

;u11al!;luc,*ilur,{rr,l',llt[elrrl|lu|ilulrj',|rldhl,,$|[dthc1itillnuli||lHlll}c{iri6ull1,

!lllr|1[i111r.!hcu,r,i'fr}[hil!yl},tt|t{||l.$irl|rrli|r.lllgut|rlll,:,.|"h*("irmr|[)t:ll'lll

,i!l!lrn olO lllg trr,U:rr,l

lxlrrt tnrlrcul,,

fi,r,+rrr,ll I' l[tur,llr {lru
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Tlrc il{ifltin Fcrmaf,iosr is the pnr:lLw sourcc of the lirnestone usad by f)ixan N{arquetic in thc

nmnufacture of Ponlalrd c$n$il.|t mnsi*t,s'of ahor:l 18 feet of gray and yellor'.'argillncoous

fossiliferous limestorxr n'!th r,hale p,artings. 'l'lrsrc is a 4 to 6 inr:tr thick lnyer of dolornitic shalc at

thc tcrp, underlain by a layrr of bnrtnnitc thal ic usually lcss than 0.5 inch ftick. 'fhe ]i{ifl iin

Fonnalion has rhin ryar1r bcdding, usually 0.5 to 3 inches thitk, anrl hnr numerou$ r'erfic.nl joi .is'

Thc timestnne rvitldn fi,e tr{iftlin Fonnation lypically hns liYe pf,fcdrlt or lc,ss nragltE rum

,carbolulc. lt irs erpo$od on the rve'sl side of Sink ltollotrn Road, on the eesl side of \\4rite Ortk

Lane, ual inoulticrs in firr mincd ilcfls alo\rJnd tlm lantlfill rvltcrc the rnck n'us n(tl suitnblc ftrr

use in oenrtril firanufa$udng or not asccssible.

'fhc Ps-*rtonisa l:crmalion conlir;ts of irbout 3.t fcrel of limeslone nnd dolomit;, I:ottr ttlcmlrtrs

itre pts$tl,.t at lhc si{c: thc hlrtlusn ntcinbcr. a dolontilc-niolllcd limcstnnc u'ith a cqtrnrsitltt

*urli;,c+ at ll'rc lcp; the Ncrv Clarur ntqnbrr, c'onristing of dolomite and dnlontilc-,trtdllctl

lim{istorrc uith a tl:irr rlraly lx'd at tirc lopi llic Dane utttnlrcr, a litttcslonq nnrl iiro Chann

nternb{.T, a snnrty dolnmitc. 'lhc hdtting ir tlrickt"r than irr thc h{ifilin I Srntation, nntt is abottt ?.

l9 l2 inshrs thicli lt lra* uary rilmly hotftling in plirc{s, ond *otttc ul1'folitcs, su6gcsting lh;tl stuttc

c;rrtron,lltc tuls lxrln dirpolvcrl. '[1c lor';cr ltccalonicrt iu vupgy in plttcc.l. rt'lticlt incic"ltscs lhc

prifri,;ily of'thc rock, J}c dolomitc in lha l'cri:tonic.tt lionnatitlt t1'pir,ally hns bcl*'r"tcn 5 nlrd 25

lrroixlt rn;rg.lrc":;iunr cartronalc.'fhc top of thc ltccttonica is cxp,o.ecd irr tnuch of tlu: nrc;t rtmttnd

ftc (iKD !irn,rtlill nt l)i,riolr hl;irqucttc, allrl prrrh;ttrly rlireclly unrfr:r!ic's tnusl tlf thc luntllill. lt is

itll.o r,\Po.r'nl ;rlr,'n;; the Ntock llivrr n'crl of lhc lurrdlill. 'l'ho Pctatolticn wtti cxlxr$t'd nround tltc

tnn{fill al; ;r lr.::;ult of rrrining of'llrr: nvcT lying lvlifllilr l;onntlitttt. Dilon }rdlrqurllc uscs lltc

lrUe ;rlgltiCA f;prntsttlrUt Jrri it tin[U(:C ol +rrrrrltrtrliott l't1;,glrgllIC,

'l'lts l,!;llter,:llc (irl,up lorftr; l1g*'* nufitcr(xrt ittitttri, nltrluttte ctrn ltc lrilctll on ltorizottlnl *urlrrccs

firr r,s',,cr;rf lruurrlluri firrl, 'f'hr:,oinl{ rurc cnlll6crl irt grl;rccr. I'rlrislt pluvir.k: lnr;.ttl tttcus tt{'

curruncll'lri{ih psrunrnhility,'l'hrrlunlirulnl lrrrlrinlll nf lhc,joinili ir hrlu'r:rn l'180'fi anrl }'ll{ff'W.

'f hrrru lr fi rer:oil,rliil')'ttrryuld tr'iflt bc;rrirtpr h*ill'icun !n{fd}"lV nnrl l'll{J"li, (.h,r:r'l)fl pct'ccllt of lhc

jruinlu uts tr'f fliio 5" of t'gtli'gll"

Jtlrr'^rr4d t, flt(t/''.1l'r irirt



In rnort areas in and imurediarely around lhe landfill the rock over{ylng the Pouatonica Fonrtation

has bcrn rnined, '[hc rnined rc;ck was blasred prior lo remo'ral. Tlrc blaslirrg pmcedrre consisted

of drilling vertica! lroles licm lhc surfiace to thc tcrp of the Pei"'atonica Fonnalion, nnd delonntirrg

explosivcs in the holes, 'fh,e hoie.s wcre honz.ontally spaeed atruut l0 fcd apart" The rock

overlying thc Pscatonica rvas fractr.rrsd by ll'e hlnsting and nns hauled to thc plunt. Thc blastintrl

lvar dcsignctl to allorv rcrnoval of ths illifllin Formafion without signi{icnnt darnage lo the

Pruatonica Formalion.'fhc top of ths Pscl;onica Formation has becn uscd as a rvork surfacc by

huvy oquipmnrt to lnad and haul the blosid rock, and it renrains Inrgcly inlacl loday. 'the

cffcds of blasting rim be sccn in {Irc Pc'c'a{onica Fornration, howcvcr. Nunrercus circullr

lmtholr$, roughly 3 to 4 frrct in tliamcter, nrark thc top of thc rock, The lrolcs urc usunlly no

clcrper lhsn about 0,5 fbol, and nre epar:cl nbout l0 luct alrarl. Fracturcs radiale in a sptt]tc-like

patlcrn from milny of ll'rc ilolei;, and intcrsc,st fnaclurss fiom nciglrtNrring ltolcs. 'l"hc grtholcs

originiil':d a( ihc basc of hl&st holc,$ nra{le in the overlying fonnations, nnrl lhc lhrslures rusultcd

from tlrc bl;r.sling. 'l'lrc vcnieal cx{cnt of the blast firclurce lv&F nol observe{!.

'lhc rcmovalof lhe Nlifllin l;onnation in thc rninnl are",us hns reveille{l llro slnlcturc tu top of the

I'cc;rtonica lionnation, 'l"ltc I'cuakrnica l;outration dillt gotlly weslr\'{ud, but lor,llly tfurc nrc

high rnlxrtri Err snrall dolrrss. 'l'ltp danrc* rung,{: liorn ahul 50 fcd lo s*vcrnl lrurrdrcd fcst in

diarrrr{cr, arid have up to abrtul l0 tcrl of rclicf in thc largcr domc*. 'lypitully lhc iltlilllin

Fornxrlion otrur'c the rlr:nncr it ertcnsi','rl1' joinlu! sltd has a clreluic*l c*rn;xlsitiun thut lnnhcs il

uruuitirblc firr s{,irnsltl ltrrducliotr.

l!ndcrll,irrg llt* l'cv;rlullir:ia anrf nol ulpoirrql at lltr: citu i.s tlre rlnsfill (in'rrp, rvlriclr cunsiril.s o{'lltg

{ilr:rir,.'urxl anrt fil, ll:trr llrrrunli*nt.'lli'; (ilcttvi'lxxl liunttirlirrn critlrtirls ol'lt tn lO lucrt uf gtny

lirrc qu;rrlz tinldulnllr;ur,rl 1;tay rill',!rng, 'lltc uiunll'tnnc ir* lrlrlf lrrl alrd r',,cll st:nlerrtnl. 'l"hc quurlt

l{,rilirrn ;rr* ;xrrilly uril*rf ulrd tnnge in size liriut (1. I lnltt fr.r {J.5 rutni, 'llrc 
;Nrrrr rurtilrg dillinliuirfter

t|trriulrl.r,llulg{itrltlairuunr|rr|yllt1.r.ii,t.|,*t1rl.|",tlltlt;lii,tl't,r,e|ril;ltistt,c||nltllg|

uIir|lultl|U.|i,twtl'Wifi'lt|qc{.I|$l$',,'[r'm||filllt!,lldlltlurtttriri,trr{ll$i1:

?|tlrl||tick,|hf[Jp,u:1t;ll6ttllr|stl|nyrrrdnrr,;xtui1,lllihnl.up.,I1ru

lr,rn!t!ill6|l0itll,tj:fi.;itlirr|il.lalirleN-ll;l|ll{:lh0'|thaa;ur,r"|,"|,trlrtr,(,titlll1

f{t|lg,|}|{ll}'l!lllyllt'l,'nnlr;rclrl.itti|hi*lgllt'.nl,;i!lltill''t1l;;'il|,
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the top of the Clenrvood Formalion sras daermined at four msnitoring rr:rll locations amund the

landfill, and it tvas found that the rock strikes lrl S"\lr and har a dip of 0,go to the rvest.

The Sl- Pe{cr ltrornnation is a unifbrm nearly pure quarlz sandstonc. A rvater sgppi;. g,ell drilled at

thc Dixon Marquette site in lD2 encaunlcrcd 359 fect of sandstone of the St. pcter Formation. ll
consists almosl entircly of fine to medium, rvell sorlcd, rvell rounded, groorly cernentcrl quartz

grains-'fhcre ars somc shaty laycrs and mrbonalecemsnted iayers near the top of tlre fonnation.

Cross sencticns of the sile i'rrc ineludcd in lhis rrport. A desr:ription of geologic nratcritls at the

monitoring u'ell loarlions is also included.

3.$ Ilydrologlc $eillng

3,1 Regfonil llydroloyy

Surtacc waler d,tatrng': in lhe nrcit around Dixon is dominalcil hy thc R,ock fti'cr nnd ils
lribut$rits" Thc lLrick Rivcr in lltinoitr florvs to lhc soulhrvest finrn north cf Rockfrrrd to ll.ck
lsland, 'lrihularirs llrxving frc,nr tfrc upland 4r(a$ crcntc a flr;1{ritic clrninagc prrltcm" 'l'lrcrc iri 1
ma;irttum of about l9A fect nl'rclicf witlrin 3 nriles of dou,nluln Dixon.

'l'lw in,sxrttanl ar;uifbrs in thc flrcl flrc the St. Pclcr l;olrrration anrJ tire h,lt. $irnon [:ontntiolr, lr.tlr
of'svhich orc snndrtonl', '[Itc fil. l)clcr l;txmalion is cx;xrru*t to ths northcsst gf l]i:rr.rn. in tlrc 

'r.e.t
arrruntf (iralid Dctour. -lhc ar'ytsctil irut is prohnhly a rrchllrlgc zogc lirr llrc 1r;uifcr..'['lre r'clr
dipt trlcrrtf y lo llrc soulltrr-'sl. 'l'hc hft. Sirnon l:onmllinn conrit;{s nl'allnul lj(}{l li"cr .f snnr.Lit.'c

witlt *utne rhalc, r,rilh thc loP of thc ftrrrnaliolr firurrtl lrl nlroul l{Xfil fc*t rti:cp in t5c l)i.riorr nrrn,
'fltc (lity rrf l)ixon mairllsiltt *cvcrnl s"tl.:r nuppiy ryells nnc to lrro lnits;, liorn thc l6n6fill, ,l1cy

lt;';tt't; it frilal tlrpllr nl'|.7,6{l to l8'l(l l1:ul, ani lrht;rin !fntt:r' !i'run llru St, Ircl*r., Ijrningrtgc, and lr{{.
liutton lunnulioltri.

3.! liile Ilyrlrnlcgy,

Ittior lo ntining, lltc lls.il ol'llto fnnrflifl ts';r1t hilly willr n n$rlhtvorrl"trcnrling vnlfr:I lc,arli'g In tha
i{oe k lltrut. 'l hctc sir$ fi{J lo f (HJ fs{t ('l'rclicfl "ths s"rtrsfrre lvcrl sids of tlre landfitf $,$s *rricr! f?rr

I

I

I
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railroail sidings. The MifMn Fomratiop nuy have bcen drin or absent on ihc fornrer valley floor

on the northuyesl sidc of thc landlill, and plssibly uo rock was rnined in thnt area- Mining

probably progrcssod up the dip of thc rocks to the east and northeast to aid in drainirrg ttre rvork

arcL

Currently, surficial drainay;c cunsists of small strcams lhat parallcl mads around the landfill. 'fhe

conliguration of nincd and fitted ars&s around thc landfill prevents good drainagc. and srnall

prndr havc fcrnncd. On thc east side of thc lzurdlill groundrvaler cxits lhe rock faccs near Sink

Hollorv Road and forms ponds. Sonrc of thu ponds havc oullcts ln epltcmcral strcuns, and othtrs

do not ilppear lo hare an oullct. 'l'horic lvith uo oullct urust drain tlrrough evaporation attd

infiltraticrn. ln 1999, a storm rvstcr basin rvas constructcrl on lhc rvcst side of thc lantllill. 'llle

basin wiu dcsigncrl to restricl stonn rvalcr runolT lionr llowing dircctly into thc ltock ll.ivcrr and

dccrewc lhe antount ol'dids bcing dieoharged.

'l'hc ltecatonica l:ormation is cxposcd at the surfocc or undcrliss rtxrst of the filt ntatcriol in flrc

landfill. 'llrc rock iri cxtsnsively jointcd, and surlircc $'alcr and grotind\vBlcr can $ecp into tlrc

rock via thc joinls, 'lhc vcrlical cxtcnl of thc joints u'as rtol dctcrnrinctl during thc fickl

invcstigalion. On lhc cast sirlc of lhc larrdlill aloltg rt road, ltatcr rv{Ls obtirrvcd lo lrrl florvirrg into

;ur opuning in thg rock.'l"h{: florv ralc iltto thc opcning during a pcriorl of rnin in lu{rry l99tf rvts

c.slirrrirtcrf tt l0 lo 2A gailons pcr rninutc.'lhc lvalcr rrrrlcrirtg the holc u'as lurllid utul pllc yclklrv.

'llru f'{.f,i:atonisa is vxlxt*tll ahrlrg ths ll{rck llivsr lo llrs wtri,t of lh{: f$lrdl'rll. fiprings occur ulong

tlrc cx;xrsurcu, nntl lhc r,,'atcr tlorvr inlo lho rivcr,'l"lrc hlrgcnl of tlrc.'rprings in lhis lrcu" locn{crl

irlurrg lVhitc Oal; l.itnn calt-srulhsnsl of lhs landlill, uxilrr l joirrt ilr thc nrek ict tlu: uppcr pntl cf'

thc l,ccatonica f;orrrrirtion, llloul 5 lcsl brlnlu tlts cortlitcl rvillr llrc rtt'rtlying h.{i{}lin llolrrtnlion.

'l'lrc tlrrw durirui ,,*'rritl rhrys irr lllarclt l0Dll wns cslintnieil xt l()t! t;itlfolr'r gtcr rtrittutc, or trllout

l6$ itctc.l'L:cl pur yr:nr. 'l'hc lluu, appr,oxirnnlcly durrblcrl sltoilly allcr n pr:riud ol'hr:,nvy rnin in

fr{ay I D9tl" 'l'hc lq;rtcr llotrin;g liorn thu i,priftg tvns {ilrt;rrl'cr.l lo hs ckxtr i,rr f;rycml or-'cnrioltn ilt

ilt;uelr,;utd tc'ar turbid allrl palc yclfovl (.trt lwe t'wr:ll;t;it"rn* irt &{iry, }h-"e:;rur;s o{'thc lfuulrra{iclrri ilr

rtr$r;lllrldrj nrld ch;rrrgqr,:s in tutllidily tlrtl {trg attlll!'rnlfy tt,rrurcialcd u'ilh prcci;lilrtliun" it ir rfroultt

lhirt thsc ctint (*slrlrr;liunn h*llrv*ctt ttttfhc* rv$lct mtd tlte juinl fltnl which thr rpring iri;ri11s,15,
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In some places the Fccatolrica Formation contains shaly or clay layers that irnpede the veriical

migration of groundwater. Groundwater rvas obscn ed to be discharging inrrnediately atrove a

thin clay layer in thc Pecatonica Formation on the east side of lhe coal storage area north of the

landfrll. This clay layer rvas similar in appearance and thickness to the bentonite laycr that o0{trrs

near the top of the lvlifllin Formation. Oroundrvalff w{rs also observed to be exiting the nrck

above the bentonite layer in the lr{ifllin Fonnation near Sink l{ollorv Road. 'fhe grouuclrvater

discharges at ths;e points indicates that layers of clay less than 0.5 inch thick can be eftbctivc in

redirccling thc vcrtical florv of groundwatcr in thc Platteville Croup.

'lhe upperntost aquifer at the site is alrnost entirely contained rvithin the Pecatonica Fornation.

'Ihe top of thc aquifer is most commonly about one to five lbet belorv the top of thc Pccirtonrica

Formation, or rvhal remains of the fonnation in areas rvhere lhe top portion of it rvos remo"sed

during mining. In areas rvith tlrick CKD deposits the top of lhc aquifcr is ahout five feet abovc

thc Pecatonica Formation, and is witlrin thc CKD. 'l'he boltom of thc aquifi:r coi'rcidcs rt'illt tlrc

eontilct betr,vccn thc Pccafonica lrormatiorr anrl lhc undcrlying Glcnwood lrormation. 'I'hr: depth

of'this contact rflngcs fronr about 34 to 100 I'cct.'fhc Glcnrvood Fonnation consisls of sandsllnc

and slralc, anrl it ac:ts as an aquitarl. 'l lro dcpth of the top of thc aquifcr ranl{cs frorn about zcro to

9A teet at lhc facility. 'fhc thickncss of the aquifcr rangcs from atrout 30 to 43 fcct, antl is thickest

c'/hcrc it undcrlics lhc CKD disposal arca.

()uaflcrly rncitsurcmcntr ol'lhe walcr lalrlc clcvalion in tho uppcnrtost nquif,ct at four rrroniloring

rvcll locali(rns flroun(l thc CKD rlisJnsal arc;r wers nrade front April l99fl to Novcmbcr 2000.

'l.he rncasurcmcfltri indicltc<l thlt the walcr tablc had a gradicnt of about 0.02, artd was tlo\\,ing

rycst;urrl soutlrrvcst lorvanl tlrc llock llivcr,'l'lrc dilfcrencc bctlccrt lltc lriglrcst antl lonrcst

nlciisurcd clcvatirll ol'tllc tvnlcr tahlc lt llts cittilcmtnost well, MWI-f;, was 0.13 fccl. At llrc

Iris$lcnrufurrrt rr,,r,rll, MW3,fi, tlrc dil'fcrcncc rvfil; ).jS tsa:L 'l'lrc ;mtcnlionrctrio surlhcc r,no;t

inelrrdgl in thiri rcJrrrrt $hor','s n *light lnrtund rrf u'alcr hcncath lhc CKI) lnrtdfill, Il'groundwrrtcr

is rnoaurrlurl irr tlrc (ltril) lrerir, lltc llo*'dircctinn slroulrt llc stiglrtly norlltrvcsl trrttl rxrttlltwcsl, trl

*,r..1! ;'rri',1,g,t, fiotn lhc CKI) ar*a.'lhr: wnlcr tnblc alrd thc dircction of'grotuttlrryalcr florv ilr tfrc

tuttpsltufr,t aquilbr itp,l':ar lo b.c !"t{rblc thrlltrg,ltoui lltr: ycar, llntsl ott thc r;rrnrlcrly rncnsurelrtgnl$,

ShErrl lenn lflnpnru! r,;lriotiourr'r ilr lltr sJlct'dlitirt nf tltc rt'$lcr lablc frovc ttol hccn irtvrrslignlcr.l.

fi{rt*ult{, l'![urttl tlll



Quartcrly measuremrnls of the potentiomelric surface rverp also made in rvells screxwed irt the

St. Peter Sandstone. Dsta from the four deep rvells in<licated that thc tryater table has a rvestrvard

gtadient. The most {luctuation rrver one year of mcasurernenls was at rvell [{W3-D, lscatod orr

the west side of the landfill. Thc fluctuation was 2.33 feet. The rvater table and thc dircction of
grounds'ater florv in the St. Fetcr aquifer appear to lte stable throughout thc ycar; trase<l on lhs

quartcrly mcasurements. lihort term temporsl vaiiations in the clpvntion of thr: irotcntior:rc{ric

surfa,:e have not been i nvcstigatcd.

'[lre potentiometric surface in both deep and shallow rvclls apparcntly droppcd by about I to 3

fect tletwccn llpring 1998 iurd Surnmcr 1998. Tirc rvatcr lcvels had not rcoi-n'crcxl lo Sprirrlr lf)98

conditions by Ircbruary 1999. It is not knorvn if thc fluctuation is corclatcd lo a scasonal clfcct

such as walcr uptake by vegetation or wet and dry pn'iods.

'l'lre hydraulic conductivity of'thc are around thc rvcll ssrccns $22 on sitc moniloring rvclhi rvn-s

measurcd by means of slug te$ts. 'ferils rvcre conduclal by positionilrg a prc$*{urc trunsdrrucr

bencatlt thc water in thc wcll, cluickly submersing a solid slug1, iurd rccordirrg rvntcr levcl change.r

in resprnsc. A{ler the water levcl stoppal fallin6 and rvns at or netr lhc initial static watrr lcvel,

thcslug rviisr;uicklyrcrnovcd and thcre$l)on$oof the rvatcr lcvcl war rccorde{l again. An In"Situ

l)rcssurc lransduccr and rJala ktggcr werc uscd lo rcsord tltc tcst dnta. 'l'lrc dat;r rvin evuluntcql

usitttrl thc tttclltod of llouwcr altd llice. 'l lrc data for lfrr: tcst at u'r;ll [{\\t.s'.S rlid nrit frave

suflicisnt tcsulution lo ccnclucl an adcqualc nttnlysis. 'l'lrr lbllorvilrg tlblc r;llu\r'ri tlu: cirlurrhrtcrl

hyrlraulic cr.rnrluclivily at cach ol'thc othcr rvclls,
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Table L Hydraulie Conductivity *t Diron l\larquelte
Cement Compeny ltonitoring \ttells

lVell K (feeUminute) K (ccnli meterr/secon d)

MWI.S a.w?3s 0.0037

MWz-S 0.0000228 0.0000t2

MW3-S 0.000t55 0.000079

MW4-S 0.(nt95 0.00099

MW6.S 0.008e 0.0045

M\il7-S 0.0r 5 0.0078

[,]\\rB-s 0.0t4 0.00?3

t\'tW9"S 0.00(m-t5 0.ffru023

MWI.D $.$1Xr24 0.00012

MW2-t) 0.(f 108 0.0055

MW3.t) 0.0006r o.Ofilll

N,f w4-l) 0.m08t7 (r"(.'fi]42

MW5-r-, 0.03 t 0.01(r

MW6-t) 4.0061 0.003t

MW7-t) 0.w30 O.fiit5

MW8"l) (r.0{124 a.uitl
MW9-l) 0.M28 0,fi.)l,t

MW2-[t

[^t1v2-w'r

Mt\,3"\y'r

M\tt li;i

0"(t0ut{t1)til}

$.M)37

0.0089

(t,(:N,t(t,|/{r(t'l?

fi,(ntD
-i:;ii;ait,$*

{t (Xl;l lr

'f lrc ;rcnrrcability ol'thc J'ccirtonica l:onnnlion v;tri(r f,(cally lrnllt ltutirrnlnlly llnd vrrtic,nlltr', ,umrl

iri;lrtrlla|rlyr|e1lcnr|clt|rltt||tcptrlliltrityrr|"joilr|*,,|.eslnontlxrnithrlilt11tr'.t:||gitlr;|.nllry|rltl|ttllrir.tt

r,I''ltr:|}ccit|onitlit|jtttrn;l|itlnglttlrr'r:l|llurttlrchighr,rtntcttlutr,r||ryt|rnrrli<,|l,rl6lr|u1;6iqljly|\il]l|,

3(l(l tirrrri rnorc lltan tltc llttvcttl {l{tndu(jti!'il}',

o
t

{)ilt t,,r'.rt,1i 
" 
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Bas€d on the measured hydraulic conductivity ,and gradient, and cstinrates of the ponrsity of the

rock, the groundrrat€f, flo*, relocity in the Pecatonica Formalion rnngs fronl0.00l to 38 fe,et pe{'

day. Actual florv rates may be scvcrarl orders of magnitude highcr in arcas u'ith large fraclurcs.

The St Petgr Fonnation underlies the Clenwood Formalion, and consists of unifliinrr line to

rnedium quartz *andntrrile. It is an irnportant aquifer in the arra. Tesls on tnonitorirrg rvclls

eirmplctul in th$ f<rnnation on si{e (the decp wr:lls) shorv thal thc oonductivity of thc sandstonr:

varics from 0"00fi24 to 0.031 f()cf pcr m'lnute.'fhe rvatcr in the St. Itctcr Forrnntiort nruy be

artcriian on ths rvest ride of thc dit1xrs.al nrua-

Be"twccn thc Pocatcnica Forrnalion and thc $t. f'elcr l'"onnation is sandstottc urttl siltstone nf the

filcrrwolxl Fbrmation. Injection lesls rvcre conductcd in tlrc fornration at thc tinrc of monitoring

'*cll in.rtallttion to detcnminc thu pcnncability of thc shale rvithin tltc Glcrtrvaod Fonrrntion. 'l'ltc

t{:r;t ,lppiratus consi$tcrl of a double packcr lhal u'as usctl to isolute tlte intcrval of tlre fornration

to bc tcslc<|, il wtter pump cnplble of ilrcrcasirrf thc s';llcr prcssurc bctwcen the pnckct:;, a

plerliiuts g4uga thal ntsfltiurcrl tlrc rvalcr prc$$urc bclwccn lhe packcrs, onrl a florv rnctcr tltat

nc;rsulsl lfrc arnounl of watcr nrovirtg irrto thc l'orntatinn. Aftcr sealing thc packcrs, ttte rvatcr

prfii$t 'c wir/i incrc;r+cod in incrcmcnl"s and thcn hekl stcady for 30 minutes. At rvt:ll MW2-D somc

flqrlrn rya,# nt(,;rriurc{l during thc t$nt, bul il could nol ltc dctornrincd if both pnckers ltnd Jlropcrly

walril atr;irirr*l tlrrr lrurchclc wall. llccaurr: lltc bollntn packcr lttay lravc lcaked and thc ttrutcr

lltrwcrl int(i a frlorc pennr:ablc unqlcrlying lbmtalion, thc varlidity of thc injcction tcst at wcll

Mr.Yl'i"l ir irr doutrl.'l'lrc lcl,t apparalur rvns rtrulilicd lbr lcsls on otlrcr wclls by rcnroving thc

hotlom pirckcr, nnd ddlling only to llrc llottorn of tltc rcctiott of rock to bc tcstcd. No lcal:ngc '#0s

$,rc4 rfrourtd tlrc ringlt, ynvkar during tltcrc lcsls, alul any florv slrould havc been irtto thc rock

brlory thr pnekrr. llcciluer rro flotv r',,i!$ utc,ruiurcd +luring lltc tcsts, thc calculttcd cortductivitics

rqrrc,;url irn r'$lintntcd rnrximunr corrduclivity bascd on lltrr scnritivity ol'tltc llolv lnclcr lltnt wss

ur,:il+l rrc! lhc ple*,ure lhnl rvitt appficd,'l'lrc rssuhs r.,l'aqrril'cr lcsla ott tltc fflcnrvood l"onnation

;!r r .r, unlrlilri zr:d ilr llttl f ol lotring tahlc.
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t Table 2, llydraulic Conductivity of the Glent'ooel Formation*

trYcll
Ilydraulic Condu ctir.ity
(feeUminute)

llydraulic CondnctivitS'
(cm/sccond)

MWI.D <5.83 x t0t 4.96x l0'l

MW2-M 8.33 x l0'7 4.2 x lA'7

MW3-D <4.12x l0'7 <2.09 x l0-7

MW4-t) <5.27 x l0'7 /.?..67 x t0'?

MW7-t) 1.3 x lOa 6.68 x l0'r

MWll-S 4.4 x l0-7 2.22 x l0'7

MW9 1.4 x l$7 6.86 x l0''

I
t
t
I
T

I
'Bcausc na llgpr ir+tt tl* roct wat nratucrl dwirg iljoctkm tmtr d rr'lllr nlwl.D. l,t1\'l D. Hd !tll\t{-D. frc rriri,ltrtg

bdrtulic cotr&&3vairx rattci<rl I tmrimusn trlsc hlrd co lhc ftr:ritivily cf thc Orr* rrr.uurirrg d*rrcr. II.t trl-ilrgdk
clolrjrnivty at *cll lrllY2-ltl $'rt msurod *irh r rlug lat fl: lr)'drnrtic rrxdru:rivity { n'c!h htll'?.I}, I{Wp.S. 4rd

h{Wg $iat di!.rrninul $' lgl *t 7t r,t y' arul) rir r if nr; l: rl,r c Lr rr[,'! rr

t
No cvidencc nf vcrtical fraetures \vils $s(1r in corc $fimplcs from tlrc hrmnliolr. r\ nlrrrririirirrg

I wcll rvas installcd in lhc Clenrvoort Formalion ([{\V2-il{), anrl a slug lert 'rl,rr!r {lln(fucred, 'llrc

hydrautic conductivily was calculalcd lo be 8.3 x l$'t fcct pcr uliilule, or clq-rut 3${} rn f{}(fit tinrr"r

t lcris than tlrc ovcrlying dotomitc.

I 
'lJrcrc {fia addili(ntal $fln(lslonc li}nn',rtions urlrtsrfl,ing tirr: iil. Fcter l;'utwllrtirur {!u:it ri*r.r,c gn

atluif'crs, but hccausgof lhcirrlcpth snd ixrlitlion lirln llrcaurliciirt *r-rl.*,ilirs nt ths lulultill, tfucy

I arc not dissus;sd herc.

I Maps ol'tftc sitc shorving tLc prilcntiorttclris riurlhEr of hc lquiltlr, in the t,su;rtclirur ntild $t,

l'ctcr f;onnalions arc incfurlcd in this ruryril.

I
3.1 Clinraflc (,iondltlonr

t Inl'ormntion on lhr clirnltrr trt l)itnlt wn,t rtllt;ldncd f'lcur tltu hllrl',r,'*:rrii filrirn.,ll* (.lieltlur, "lt

I iiprirrglicfd, lllinoiu. fJelwc+n lrl6t and Nf90 ilru iltut.tl!#lr{rreudrf lalnpwu{ule tvJi3,Xg,lo'}t. !5n

T
lln'bolilrl*rtlJfl ll

I



avelage annual maximr.lm wan 58.7", rnd thc av€ragc annual minimurn rvas 3?.5". Extrrxne

temperatures from 1893 lo 1996 were -2'1" and I l0P. 'Ihe arnerflge annual prwipitation be{trr:en

196l znd lfi) rvas 35.58 inches, and bctrveerr 1893 and t996 it r,angod fronr l8.r;9 inches in

1994 lo 47.53 inches in 1965;. 1en-ycarZ4-hour rainfail even$ produce bets'ecrt 4.5 and 5.0

inches of rain. The number of days pcr yesr rvith a basc lcnrperature of -12o or morc avcrag,cd

168. lVind spaul and dircrction frrr Rockl"ord, lllinois (30 nrilcs northcast of Dixon) nterngcxl 9.8

mils pcr hour, and the a!'ersgc direction t'as froul the west-northn'st during thc rvinter anrJ

fnxn lhe south at ofter timcs,

4,0 slonit otirtglVclt lnrtallrtion

Durrntr4 hlarch arxl April 1998, ninc rnonitoring n'clls wcrc installcd iuoulrd thc CKD disSxrsol

sitc.'lirc rrclls trycrc instaflcxl in puilu a[ ilrrcc siltx, nrrd thrcc rvclls *'erc irrstullnl ut onc sitc.

rklditional rvclls wcrc installxl alcrrg $lritc Oak l-:rnp anrl south o{'thc lulr,llill in Junc 1999.

lVcllr with wrcrnE nl ol neiil tllc $'ntor tablc ur:rc in.stollcd aruund thc lundfill in Jrrly lg99.

'lhc llilt,A delilrc's llrc umc of'$llsnustionlT,Al irr{tun{t a landfill ns bciug that arcl rvithilr 100

fbst fruur thu crfgc of tlre landfill and c.rtending frorrt lhc grnultd rurlacc lo thrl botlonr trl' thc

uppwuorl ,u;uifi:r, cxclurting tllu volumc accupiul hy thc wn$lrr. Nortc of'the rrr'.rniloritrLl lvells ll
llrc frmility arc rlilhin tlrir rr:gulatury 7,,h, 'l'lrc dos'nlgrodiclrt rvcllr rnrrl;c liurrr -t20 to 610 fsx

{ir.un thrr lA, urul thu haull;,round r',slls, rurc ahrul 1670 lcct fiturr thc ZA, lt hns hc<:n

rl'slrrolltl,rl*tl lhnl l3.nrurulr,ialct'llrat lttu' bc*lt lrlfc.ctcd lr',, lcachnlc hns rrrigntcrl hcl'rrnrl tirs

tc11uf ;rf*rry 7,h. l\acli'cirlfy, thrl nrna ul'$llonuillittt n ,tt 6,,t'allt bclrvr"cn llrcr lvunlc ilrlrl ,tlru lkrck

flrvcr, 11 nti.r;r rlxrn,itag lhdr crirtillg'/-A is atlacht',r|. Wcll placuurul rva$ ds{erlnilrcd bnsgd on tltg

r;r.,rr,1irr1.1 Zh, ri*,ltct [hraar lNrr rc11ul;rtrilv dr:linititrrt '.tl'/,A.

\t/cff lrr,{;,,rtiorir,'j' tq'r'r.e r'purilinl bantd on thc hlr.lliit,rn stllti: jlulullill ',,\,ri,g1q;s of cclttalrrilrrlntri {lhc
(f Kl) lunrlfl!lr. lhr nr,nuralrnrt gruundil,llcl llolv dirrclinll, rutd dc{c?,cihility" 'l'll0 $,idtlr pf oly

1nllcalliit|tlr,utl,;tuolllMittlp|rrlncl|ul.,,tlgu.itrrlitwtfil.ultetrc|a'dli||u'.illgs|u|r|il|ttlI;rri|llr,tltz|nlulrl
.,,,lthhu|.tltuitl'Hrllt|,l|itlrrllrg({iD,l,tquulunltlr|ltc$,l(ttt|b(t|tlJ|lt1r{lrttvditr;:*:litltt''|lrpIl,rrrunr|t,v|gl

!!ru1q, lldrrxrtlarut rr,'llii ir.rnm',n{:(l lo lm linnt thry lmrrdlill fuu/lrrrl tltrr f{s6;1 l(ivrr. i.c,. in 0 r,rrcrl.

r,,'ltl||ttt,'fl'l,ilr!ilc.ltirlll.'|lhtlllltnltt}|J'll1|vid|hrr[l0rclrw!|i||f'(|'4i|di(1l
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width of any conkminaarfr plume, r'*as dimated to be | 550 fhc{ r','ide. One srl of u:,eltri, h{Wl ..:-q

and [,tlYl-D, was locald nofih-rmrtheast of the landfill in lhe cssunrtxf, upgradit'art loaetion.

'fJnw rrells tq'ere inlmvderd to acr:sss groundlalsr thnt w'ould be likely to {rel'sl lwnesllt *ls

landlill, but tbat had mt 1'et be'en inllucmccrl by any potcntial lenchnte frnrn the lsndlill. lt''Cls

MW2-S and M1V2-i) r.r,'ere, lcrcated near thc $outlff:rir crigc of the potcu[ial plunre, a$ti r'.'tlls

M1\t4-S and FvlW4-D u'crc locatsd nrnr the norlhcm tttrg.c of lhe grotrntial plunw. Wr-lls .![{W3-S

and M1V3-D were located doungradicnl of ftE lnndlill nnd near thc ccrticriine of the prtcrrlinl

pfume, and th*y arc in lhe existing unu rsf altcnuntion. \t/clls along \\trit* {l}ak l-.tn{: (h{\\ts-S"

MWS-D, l*l\Vfr-$, M$/6-D, MW?-S, MW7-D, l,,l\Vff"S, anrl lr{W8-D) md bdrv*cn n'clls l\lWl

and MW3 wcre inslalleil to bcllcr dclinc lhc ext('nt of grouult'nler affoclod by learhrtc,, \\fclls

ssrccned 'rv.lthe rvtlrr lable uclc arldtd lo givc $ nlorc cornpft{c thrc'c*dinrsnsiond pie{uro n!'the

grrrundrvatcr qu al ity.

lVclls irl sach losalion ffc $cft?cn(al nt diffwmt drpths and fsrmslions" Wcllr desii,rulal tillt lhe

rulfix llfl" arc srr<rnerl al or nsrr lhc lr'atur loblc, r'rhich is tl'ithin lhc lccttonisa lrolurnlion nr'llr

the landfill. Wclh-rvith thg riullir S arc sr,a:qnrxl in allur.iun llrilrl4 \\'lrite {'}nh l.rrnr. *r nl the

ba.sc of thc Pcsrlonica els+u'lrrre , \l'cllr tlcsir;,natcd l) nr{r r:urrf,tt"(l in th* $t. Itrt(:r fiolrnlrtir:rrr,

Onc r',clf with a euflix ill tr';rs rx;retnril in llrc (i!fltu'$rNl l:ormulirrn,

'l-hc $1" Peter rvclh nc{rr the lnndfilt tvcrc con,tlnlr;t*vl hy {inil drillirril [c lhc tnp of lhc [ill:l rrhulq

In1'cr rvilhin tlrs (iltrrtvrxxl Form0lirtn, irnd inntalling n li.lnult rlcql ':v,iur| li+nr thc illl?r: ln lfrc

urrfssc.'llre ca:'in1g r,,';l.r 1;roulrrl in plnrc listlr hifih rltlitlt hfltllrrtits fi,r{}ul, 'llric e{'liulivcly r.r,*fr*l

thry h;r+e ol'tllrr ca*intr; nnrl prcvenlr:d lc'rilrtlic nl gt'ourr,tlltr'nlcr lo In'uu' rurluilirn. l)dlfinli llrrl
procrr,:rlcrf uit;irls the r'ltcf c,o*in1; thrutll;lt flrc l*tnniniltg; (ihrnlu',i.wil:,;ntrt'sliu,tt r.rllr! itttn {lrr: Lit,

l,c"ter Fonnntion. I'otabfc wCItcr w.rs twd fcrr drillin{i fluld.

lnol|lrutllttcr,r'c||,nl0lixl|r,rlrg|'V(,l|(.|liu0}tlrilh{}.t(i|{}.irl,ch*!ri,trt,l|ltttut;,f|ni|lrrl,lltrtilplr{'ill:

lrrrn*hrllc'.|?u:r:uctpli,tt116.it',rt,,cl|lr.|W},|,,|,l',,|riq,|l0lrlgrr?{ir,{,,t!rrtltlxf];{.4.'*'.'u,{,'fltllillirfr.li//f:p

ttgql|al|t||w$i,(tgc''|'u,llr|ictlt!rt:1lr,',.rN0riloinururlll0lalt|helifn*rtrrrr'tlt..,trrritl|"ttl:i{

worr;rltc*lrl CIruund thp m;truqm'ti ugl N*r ;l yuins 2l-cct;ullrut,c lirc':*craoltr, All*rrryl ,{ {lgt ol'lrgltryltitc

ii',r.r,rr,trll 1 l,!tgtrr ltr {4i0 | ,1,
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g*ltrtl,u, *r*re lh,cfl placcd itftNfi'E Mm eaad, and bwl,oritc 4yuul *as tremri'od finnr tl,re'lr'rg.r c{'t'iac-r

prtrlets to +fie ffi!rf&$r-

Well osnrtw;tloar mTnorts 1nc1r:rj .cs,rrulr,lcrl,rrd ltrrr elw rnonitoring, rt*qlls on ft'rnns p'ruvidr:*l tly rt?r,;:

frlltrrrfin Depfrr{s*dnlt of fshlis tfrntth (tt}Pli}" Ttlcs,c fonrr.r r','clu sutmitlcd no ll}Ftrf, alxl +t,,5der

,rae allptlwd lru tlri,r nryort.,

"l'frrc :rurvcyqd elwolicatt:t nf thll tric[!* alul t]r rtnlic \,N'slsr fgt*,cls ryrr pts$cfitcd iqr tlm' {iill.rrvall,g:
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arcthfirty-fornr inCIrpanic aons1;tilem{s, fir,e t"otrotile conlpiirunds" orxl pFI tha,t rut b*ing anialyeerJ in

lhs grnuldwa{c{, lmchai*, and aurfacc w&t€r.

6.i) Crrrundrveier Qualittr Stn$dcrds

'Tlrc p;*undqrate{'qualirlv st{lulard fror any c{:rnstilllrot is lhr: son0cn{[a{i'oru of lhrt rrrns{itucall in

thc hackguurnd grcurnr,lltratet. Wclls h{lV!-WT, MWl..ai, and tr\lWl.D, srr,senrrl 0t ilhr \t"ali}t

mhlc in tr*e 0tppr[T!!o'sl aurXuifr,r (in th.r: Pscaionicu ilonnalicn), the h'ssc ofl lhc llncniollir'n

Fgnnnllott,nndthg${.[}*:lqrFmrll'lilliltn"lus;glrr:4itc[v,,frn|fiIll,gltlptll.n'riit,n{frnm|heBlrlli!i[|and

flrg noi cr:prrded io ffs infh*lc'r'd lry Nraciliriltltr flri,m tlm lallrlfill. (ilrnrcn{ru{rulas rr{'f{}n${iht(lltl$ iln

lhn w*lcr* frnnn lllc'sr ilhnra tryalls rc6rrc:lcrrrl h;rcfir,g,ruurul coatdilirtntu, flml s't'*r* uscd lo dclcnttittu

u0t: ptrruMhustai qu a0 dly'r ll;fi l!{f l,ri! f".

Iin;llt|ir.{ijcali,f|$i:|ilt'f{stlli;gl.rind|ulnfitr,lrrllalc[l6;,r<lrrulltt|'i|frt,alll1t|cl

r'l'ocrilurr|9,:/,n:dgit,}lx,o:lir{ltr6tlu{lil{|.Ytgtctl,t(lrtunr|ulltrr',!.|.tqr'lt'$tr$ltulr;tltrrc|t:{slltrtcl'crl:l

|rourta*"gt.'tlet'tof:ortia|y{icn|,r[.,tta,..lltcs,illlrplin'gfr,rv'1lrrncyltnnptlIbr*.lgri.:llrlllriltt;$t

s0loll rtlrm flu#qmliul'ls i$ rtr,;rt$r qu;tlity {}E{rrrr *'ttslt us tlllrt'c lturl ugla-tllt t'r(',rut' l*r.c,nni;s{' qrf r'$pid

Lurnfirce \r,,trt{:r iq{iur" ot<':r lct+ dl h'c'r"tt lultli c,nnu11,h {o $t!ou'il'l'lui;llirmri tct'i$r *;rst$lly. "lJ1g

gropuliiiioll di:llribrrtinn rf il$ ltstuu{f,l !o hs ttoltrud.

[lq'r;;lun,r:nlfili,llrilrlaa||liallatl|r$rjz.!.,|',littltl';l|lll

l!ocr|rrt;rst,tr,f;t1rlt'tul.ninc.rlrttc.r{illl|li|ixi!..|tlt';rtiut::lt'rl.hf''r:|5|lt:rt'lyltt

lfr,rlr|ric,r;|drut0iltli|,flar:t''ll|ll{"t;|l.r1nr'l'|iuur|$|q,'',||(ru|ilrli|t*ltllc1l!r
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ilr0rlifatq,,ft,[rnJltl.,',"t0lel9i.rtt:.r|dtllrtiilla|.
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backgrgund rvell iil any af &t semple'r, any dctor:tion of the constitr.rcnt in downgroriicrnt rvells

will bp an cxce,cil;u'r'cu of the backgrrrund conccntraiion" l'he lbllorving tabtrrs shoq' *ach

c'snstiiusnt and lhe mimirrunr con*c'.litration thal cxcoeds tfuo backgrorand conccartralion,

dct,r:nnined;r:s dcscribfirj slxrvc. fiar the uppcr palt of thc upprnrost aquifer (hlWl-WT), tlrc

lotvcr pafl af the uppennost aqluif*r (Fit\t/l-S), and the aquifer in the $t. Prlcr Folrnation (t{\\tl-
D). Ilata in lablrvlr in Attilcfinlcnl ,4 ..,h6p'q,hich c'ol5titut{l{s fu grouudrv&lcr nlpund t6c landfill

e.'arc+tl thc backgound c*nr:+,rrtrations. \ttclls l.\Y-l antl L\\t"3 lvf,rf, rl)n4larcd to lvtlll lr'il\tl-
?r'l-, and alluvial r"'clls wcrs c{rntprtrcd tn lr'{:ll hltvl-$.
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Table 5. itlinirnunr Conccntrations of Volatile Organic Compounds that Exceed
$ack grourd Concenlralious, i:n ygll,
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I

Iranceler
Ethylbenz..ene

2-!rcxanane

t tcxachlo;ab"6di-ne

Iodomsthane

Isopropylbenzcnr

p-iraprcpyftohrcila

Mctbylcno chlorids

N{elhyl ethyl kelonc

,l -w:Ihyl -7-; x: n latton c
"l'ctmhydrofuran

'l'elrachlorffithcnc
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Table 6. Ifiinirnum Concentrafions of Inorganic Contpounds that Exceed
Background Concentrations, in mg/!.

Aarameter trYater Table Base of Pecatonica "fop of St. Feter
Aluminum o.454 0.04 ((r.4dU

Antimony 0.00t (0.r l) 0.001
Arsenic 0.003 (0.r0) (0.18)
Itanum o.227 0_091 0-u5t
Beryllium 0.00r 0.00t c.00t
Boron (0.43) (0.ltri (0,20)
Cadmium 0.00r 0.001 0.u01

Calcium 126,1 t09 9l.E
(jhrorniunr 0.042 0.002 (0.36)
Cobalt 0.008 0.003 (0.30)
Copper A.0tz 0 005 0,006
lron 0.() 0.465 0.8 |

l,ead 0.006 0.00t (0.18)

Magnesiunt 50.5 53.9 73.()

lr{alrgancse 0.04s 0.09ft

l-Snvcr - 
*

fSCIiiiilin 
-*

l-1I'nilfdfi-_-
rla'ltiiffii
['l.tiii:i--**
[..,, -,.-.-. . ,.

I Alliirlirrity, trit;rl

I lrt*irtirriiy,liiciriix,iiaic'."--'
Ihiriinoiii;ffi;isin -'

I rii rll, r,,'[it-- 
**"._-

i Clii.iriiic
l- t::t tt i
| fii,iil"
I i,'tri,iii'il'
I isir,ut"
I (rit air,t (irr:;rrc

I si"i'ii"
['i'o,lul tli',,;<,1 t'cii l;rlliri i;

l't or'

(0. r4)

{(f.19)'il.a'l

i ri. r ;l -ii
tin.l
j.tit
'4 

.5

(Vnfucs in grnrcnlhcrir:ri irf(f llte t;rliot of tinltrple,s lvith dclccLrblg ${rng{nttrEliotur to {lrr, lr:rtfll
numlrcr ol',lnrnplcr, an{l flrc f rol l}il'sk{iroutd c{irts{:ntrnliotts.)
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Concentrations, in mg/|.

Vanadium

inity, total
Alkalinity, bicarbonate

(Valucs in parcnthcscs arc thc ratios of sarnples rvith dctcctnblc conccntratiorrs to tlre total
numbcr of samplcs, and are not background concgnlratiolls.)

Table 6. Minimum Concentrations of Inorganic Compounds tlrat Exceed

umlnum
Top of St. Feter

yanidc

rudiiG-

ffiiA dis.soit&i-soii&
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Table 7. Minimum Concentratiorrs of Semivolatile Compounds that Exceed
Backsround Concentrations, in pgll. "

I
T

t
t
t
t
I
!
T

t
t
I
T

T

I
:l

I
T

T

Pararncter Water Table Base of Pecatonica Top of St. Peter
Alachlor I I
Atrazine I
B i s(2-ethylhexyl)phthalate I
B i s(2-chlorornethyl)ether I I
Dl-n-butylphthalate I
Diethyl phthalate I

Dimethyl phthalate I I
lsophorone I I
Naphthalene I I
p-cresol I
l'arathion I
Pentacirlorophenol I

Phenol I I I
Aldrin 0.034 0.034 0.034
garnrna-BHC 0.025 0.u't5 0.025
Chloldane 0.037 0.037 0.037
4,4',-I)D'I 0.091 0.091 0.091
Dieldrin U.U44 0.044 0.044
Endrin U.UJY 0.039 0,039
Heptachlor 0.040 0.040 0,040
Fleptachlor Epoxide 0.032 0.032 0.032
Me'.hoxvchlor 0.176 0.t76 0.176
Ioxaphene 0.086 0.086 U.UEb

PCB-1016 0.050 0.050 0.050
PCB-t221 0.054 0.0s4 0,054
I'CB-t232 0.065 0.06s 0.065
PCB-1242 0.065 0.065 0.065
PCB-1248 0.090 0.u90 0.090
PCB-t254 0. 00 U. IUU 0.1 00
PCB-t260 0.1 00 0.100 0.100
PCB-l 268 0,100 0.100 0. t00
2,4-D 0.29 u:t9 0.29
Silvex(2,4,5-fl') u.34 0.34 Q.34
Aldicarb 0.5 0.5 0.5
Carbofulan 5 5 5
1,2-dibromo-3-chloropr opane 0.r nlt.r 0.t
Ethylene dibrornide 0.1 0.1 0.1

Notc; A dclccllon ol B Scnlvolalllc cornpound In lllc downgr0dicnl nronitoring wclls is consldcrcd to bc un
cxcccdarrcc of thc backgrourrd conccntr0tion,
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7.0 Summary of Laboratory Analysis of Groundwater and Leachate

On May 7, 1998 the groundwater in the four shallow wells (MW 1-S through 4-S) and the four

deep wells (MW i-D through 4-D) was sampled. On June 16, July 24, and October 26, 1998,

and February 1999, the groundrvater in the same wells, and at a leachate rvell in the CKD

landfill were sampled. In July, September, and November 1999 all wells exccpt MW2-M were

sampled, along with the spring near White Oak Lane. In 2000, sampling occurred in March,

June, September, and November. The same locations were sampled in 2000 as in 1999.

The groundwater in the upgradient wells (MWI-S, MWI-D, and MWI-WT) had low

concentrations of chloride, sulfate, potassium, and sodiun. Dissolved solids were between 320

and 580 mg/I, which corresponds closely to values in Visocky et al. (1985) for the Galena-

Platteville and Ancell Groups. The sample frorn the shallow aquifer had 8.2 pgll toluene on July

24,1998. The source of the toluene was not identified. In October 1998 and February 1999 no

toluene was detectcd in MWI-S above I ytgll. Because'toluene has not been confirmed in tlre

well, its detection in the sample from July 1998 is considered to be sporadic, and toluene is not

actually present in the well.

The leachate samples collected frorn LWI and LW3 have elevated concentrations of calcium,

potassium, sodium, chloride, sulfote. and total dissolved solids. In addition, the concentration of
magnesium, manganese, iron are elevated when compared to the water table background

concetttrations of these parametors. Additional pararncters that are'slightly greater than thc

background concentrations include arsenic, boron, chromium, cobalt, copper, and lead. The

leachate samples had low concentrations ofbenzcne, l,l-dichloroethane, and toluene.

The downgradient wclls MW3-S ancl MW3-WT are located southwest of the landfill. T'he

grounclwatcr at this location has a pale yellow color and a high pl'l (>10), The analytical results

show that tlte grounclwater in botlr of thcsc wells has elevirted concentrations of chloridc, sulfatc,

potassium, and dissolvcd solids whcn corttparcil to tlre respectivc backgrourrcl concerrtration. Irr

addition, elevated levels of sodiunt and alkolinity werc seen in the shallow and vratcr table wells

at this location. Organic compounds rverc detcctcd in thcsc two wells (MW3-S and MW3-WT).

Rcviscrl 5-March-01 23



In MW3-'r, three samples during 1998 had detected concpntrations of l,l-dichloroethane, the

highest w'as 0.004 mglL. The highest concentration of l,l,l-trichloroethane in this well was

0.015 ,ng/L (15 frgll-) on May 7, 1998.In MW3-WT, l,l-dichlorcethane, l,l-dicliloroethene,

and I,l,l-tricliloroethane were detected. The greatest concentration were 0.0081, 0.0079, and

0.0 l0 mgll-, respectively.

Monitoring well 7-S is locatel along White Oak Lane, north of MW3. Groundwater at well

Mw7-S had a high pH, dissolved soli<ls, potassium, sodium, chloride, and sulfate, which indisate

contamination by leachate. For some sampling events the shallorv wells along White Oak Lane

exceeded the background concentrations of aluminum. arsenic, barium, boron, calcium,

chromium, cobalt, copper, iron, lead, magnesium, rnanganese, nickel, potassium, sodium,

vanadium, chloride, sulfate, dissolged solids, and alkalinity.'l'he organic compounds l,l-
dichloroethane, l,l-dichloroethene, and l,l,l-trichloroethane wers detected in N{W7-S. The

highest concentrations of the tluee compounds were 0.0639, 0.0082, and 0.006 ng/L,

respectively.

The deep wells in this area (MW3-D and MW7-D) had clevated concentrations of barium,

calcium, iron, manganese, nickel, potassium, sodiurn, alkalinity, and chloricle exceeded the

background concentrations. Howcvcr, no organic conrpounds were detected during the sampling

evcnts.

Monitoring wells 5, 6 and 8 arc also locatcd along White Oak Lane, east of thc landfill. In the

shallow wells, slevated concentrations of aluminum, boron, calcium, copper, irnn, mangancse,

potassiurn, sodium, alkalinity, chloridc, sulfatc and total <lissolvcd solids were observed in these

thrce locations. Thc groundwatcr in tho St. Pcter aquifer in this location is similar in

composition.

'fhe downgradient rnonitoring wells 2-S and 2-D, locatcd south of the CKD landfill, had

groundwatcr sirnilar to the upgradient rvcll. I{owevcr, concentrations of barium, copper,

magnesiun'r, potassiunr, and alkalinity werc sliglttly grcatcr than thc background concentration

for thcse pararnetcrs in the.shallorv well.
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Monitoring wells 9-S,9-WT, and 9-D are located east of MW2 and south of the CKD landfill. In

MW9-S and MW9-WT concentrations of alurninum, arsenic, calcium, magnesium, nickel,

potassium, sodium, alkalinity, chloricle, sulfate, and total dissolved solids cnnsistently exceed the

respective background concentrations.

Groundrvater in the St. peter aquifer at this location (MW2-D and MW9-D) has concentrations

of b4,rium, iron, manganese, potassium, chloride and sodiutn that are slightly greater than the

backfround conccntration in MWl-D. No organic compounds were detected irr these monitoring

wells.

The downgradient monitoring wells 4-S and 4-D, located northwest of the landfill, had

groundwater with qualities interme<liate between the upgradient well and the leachate well- The

pFI of the grounclwater is 7.2.lthad elcvated concentrations of potassium, chloride, and sulfate,

and somewhat elevated concentrations of sodium and dissolved solids. 'fhe current CKD waste

disposal area is pot clirectly upgradicnt from MW4-S, and tlrere may be other waste disposal sitcs

at the facility that have affected the groundwater at MW4-S. Prcviously there was a settling pond

immediately north of MW4-S that received slurry and wastevrater from a wet process in the ll4

kiln. The #4 kiln rvas constructed in 1960. The exact dates of operation of the settling pond are

not known, but a cover was bcing applied to it by 1977. Although this pond no longer exists, the

disposal of process waste in it r.ray have affected the groundrvater.

Summary tables of the laboratory results have bcen included in attachrnent 4. Thc original

laboratory reports are available frorn Preston Engineering, Inc. and will be provided on request.

Reviserl 5-Mnrch-01 25



8.0 Adjusted Groundrvater Standalds

Because the concentrations of several parameters in downgradient wells exceed the background

concentrations and Section 620 class I groundwater standards, Dixon Marqtrette Cement

Cornpany is requesting arJjusted groun&ater standards. The following table lists the requestecl

standards and the Class I groundwater standard,

Table 8. Requested Grountlwater Stanclards
all values in mg/L

Requested Adjustcd Standanl

'-----Tm'r-
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I
| 9.0 Abandonment of Bor.ings and Moni{oring Wells

t All borings made during the hydrogeologic investigation were converted to monitoring wells
ll immediately following drilling. Ntr borings have required abandonment.

T! Future borings that are not sealed or plugged irnmediately will be covered to prevent injury.

I 
U:lntt and wells that will be abandoned in the future will be filled with bentonite chips or

pellets, or rvill have high-solids bentonite grout tremied into them. During trernie operations, the

I 
base of the tremie pipe will remain submerged in grout as tlre hole is being filled. Bentonite chips

rvill be screened to removc fine material befbre being used. Bentonite and bentonite grout are

I 
compatible with the groundwater,leachate, soil, and CKD that are found at the site. Well casings

tltat extend above the surfhce rvill be removed, All excess clrilling mud, drill cuttings, and

I 
contaminated materials uncovered during or created by drilling will be disposed of in lhe on site

landfill. Areas around the borings ivill be restored to conditions acceptable to Dixon Marquette

t Cement.

I 
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Attachment 1

Cross Scctions Through CKD Landfill
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Attachment 2

Wcll Construction Rcports
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Geologic Descriptions

I *onltoring Well MW-ID (northeast side of CKD tandfilt)t-
(All measurenrents in feet)
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Geologic Descriptions

I Monitoring Wetl MW-2D (soutb slde of CKD landfill)

(All measurements in fect)

- Dentb of Toq lLlchre*s Unlt

I
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T

T

!
l)zt.s4

0 1.5
..

Pecatonlcr Formrtlon

Medusa mcmbcr

1.5 4.5

Ncrr Glans ocmbcr

il,5 4.5

16 7.5

Ilalc ucober

Pescrlotfou

Fill maadd, crushcd rock

Limcsrone, ycllow with gny dolomitic motdrng, rare brachiopod

Lirncsonr, yellow with dark ycllow mottling

Limestonc. ycllow witb gray dolonitic Donliogr somo
bnchiopods, gesuopodr, ctirotdt

Lirncstonc, ycllow ard grry, Ftyloliils tt 12 tcrt

Lin€slotrc, ycllovr wlth largc dolonltic or shdy monling, somc
bracbiopods, pyridc at 19,5 fcct, crlcitc in wg at22 fcet

Dolomirc, gray, undy, vuggy fmm 25 to 26 tcct alr 27 to 2't .s
fcct, calcitc in vug at 24 fcct, somc pyriu

. Limcfttonc, ycllow rnd Sny wirh dolomitic rnouliry

Dolonitc, gray, eaody, pyritic, wggy et 32 ro 3J.5 feel

Sandsronc, frnc graincd quaru, somc pyrite

liilrstonc, sandy, gray, mmc pyrito

Siltsone, gny, fudlo

Sardsonc, quanz, somc pyrlto

Siltsonc, gray, fissllo

Srndrb&, qurrtz. moulcd, eooe pyrlto

Surdrtooc, qurnz, poorly ccmcntcd, pyritic rt 42 fccr

Sandstonc, quarn

ef.
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4.5
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T

n.5 1.5

29 7.5

36.5 2.5

39 0,5

39.5 1.5

Chana meobcr

Glenwood Formatlon

Sl. Petcr FormaUon
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49.5 t0
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Geologic Descriptions

Monitoring W'ell MW-3D (southwest slde of CI(D landfill)

(All measurements in fcct)
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Attachment 3

Aquifer Test Data
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- Mr. Mark Zell

I Preston Engineering
4436 N. Brady Street

I Davenport,lowa 52806-4009

t
RE: PACI(ER TEST RESULTS

I DrXON MARQULT"TB CEMBNT COMPANY
I DXON,ILLINOIS

I DeuMlkllz
I

Geotechnical Services, Inc. (CSI) has completed the analysis of the packir tests couducred at t5e

I above referenced facility. Tire results are iresented in thi attachments to this lener. Thet following equation was used for calculating the hydraulic conductivity of the test intel,als

I tr,:=-.Q--.*t*f!\
2,n.Lil*"-'\Z.rl

I (Based on cquation from Earth Manual, US Dept. of lnterior, Burcau of Rcctamation)
t

K - hydraulic conductivity

I Q * constant rate of flow into thc portion of boreholc
I l, = length of portion of the horehole tested

Hs = hcad due to gravity

I Hl= head or upplird pressurer H = differential head of urater

I r.= radius of hole tested

! sinh'r = inverse hyperbolic sine

I Please note that on tluec of the tests, MW- 1, MW-3 and MW.4) no flow was measured during

t the packer tesh. l'o providc a nraximurn hydraulic conductivity estimate, the flow meter
minimum detection of 0.001 7 gpnr was used as the flow rate for these tests. This allows for aI maximum hydraulic conductivity estimatc to be calculated.

T

I

I OEOIECHNICAI- MA.-ERnL8 ENOTNEEnINO A €NVTRONMENTALCONSULTAI{T8

250A{gr9oHgtREEr
111 DAVENPORT,OWA|afFTUI
I gll{1m*8s4,Ft8,Fl4?a1ns<5
I

oFFlcES IoGATEoIHROi OUOUTCOLOR^0o.loWA, K ilSA8, MTgSOURT & NESRA$|(A
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Ifyou have any questions please call.

I u,n."r",r,| ""'ryffi7v'y""
, i::l,i;61f,&rccP, 

Rc

t
cc: File 26Q0026

l
I Atractrments
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Attachment A

Date Test Conducted: March 3l, 1998

Location: MW-l
Depth of Test lr,terval: 42.5 ft. to,13.5 ft.

t.) ln
r '.=

l2.y
ft

e = o.ool?gl.o.rrrurd
min gal

Hg =49g'
o

Hp := 35psi,2.31.-::-
psl

H =Hg+llp

L = I.ft

K = Q-'rri"h lL\
}'r'bIH \2'rl

K=5.83'10 ? '!
mrn

K*2.9F10 7 '9!
scc
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Attachment B

Date Test Conductecl: March 24,lggg
Location: MW-2
Deptlr of 'test Interval: 4Z.O ft.to 43.5 ft.

r'= l'5in

n'y
ft

e ,= o.zlo€31.0.r3368d
mtn gal

Hg = 48.5ft

Hp:=20psi.2.:t.A
psi

H'=Hg + Hp

L .= 1.5 ft

K.= Q -.rrirf,/!lZ.n.bH \2.r1

K=g.5g.lo i .3
min

K=4.i?l0 5 .:rn
sec

l,,f
:i;!',

t*iti,t:,:iffi
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Attachment C

Date Test Conducted: March 77,1998
Location: MW-3
Depth of Test Interval: 62.0 ft. to 63.0 ft.

1.5 in

ny
ft

oal fr3
Q : = 0.001791.0. 13368:-nrin gal

Hg := 63.5 6

ft
HP = 50 psi'2.31':

pst

H:=Hg+Hp

L = 1.0ft

r'r /r \K= Y .asirilrlill
2.n.bH \2'rl

Y.=4,1Vrct1 ,..!-
min

K=2,0910 7 .jI
sec
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Attachmcnt D
Date Test Conducted: Apr.il 3, l99g
Location: MW-4
Depth of Test Interval: 45.0 fr. to 46.0Ii.

, '- l'5in

l2.I
ft

Q : = 0.001 233!.0. I 3368{mln gal

Hg:=51.56

Hp := 49Or;.2.31.3
psi

H:=Hgt Hp

L:= 1.6

K =-*-9-.*irfr/!\ztLH \Z.rl

K=5.27,10 7 .-L
rnin

K=2.67,10-7 .g
sec
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SIug Test Results

Title: SIug out
client: DMC

Job Number: 98-516
WeIl Number: MI{-l Shallow

Well Geonetry
H: 38.45
Le: L2.
Lw: 38.45
rc? .083
rw: 3.

fllter pack porosity: 0.0
effectlve radius: 8.338'2

Bouwer Rice Coefficients
Lelxwz 4.
A: 1. ?05
Bz .20I
C: .1L
ln(Re/rw) : 1.643

HvorsJev
F: 52.228

Least Squares Fit
slope: -1 .558+1
lntercept: 1,57E+0

Hydraullc Conductlvi ty
Bouwer-Rice: 7.35E-3
Hvorslev: 6.468-3

Recovery Data and Fit

tlne y weight fitted
0.00 4.50 t.00 4.74
0.01 4.L4 1.00 4.05
o.o2 3.3s 1.00 3.41
0.03 2 .98 I .00 2.86
0.04 2.60 1.00 2.4r
0.06 r.95 1.00 2,o3
0.0? L.69 1.00 t.?1
0.08 1,41 1.00 L,44
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Slug Test Results

Title: Slug out
Client i DMC

,Jotr Nunber: 98-516
glell Number: MW-l Deep

WeII GeometrY
H: 300.
Le: L2.
Lw: 10.01
rc. ' 083
rw: 2.625

filter pack porosity:
effective radius:

Rice Coefflcients
4 .571
t.12t
.205
. ?38
.7t

48.L3L

Least Squares Fit
slope: -1 ' 17E+0
intercept z 4.35E-1

Hydraulic ConductivitY
Bouwer-Rice; 2,48-4
l{vorslev: 5. 3E-4

Recovery Data and Flt

l,
t
I
I
I
I
t
T

T

I
I
I
t
I
I

0.0
8.33E-2

Bouwer
Lelrwz
A:
B:
C:
In (Re/rw) :

Hrrorslev
tr.

t inle
c. 00
0. 01
0.02
0.03
0. 04
0.06
0. 0?
0. 08
0. 10
0. 1r
0. 13
0. 14
0. r6
0. 1B
0 .20
0.22

v
1.56
1. 53
1..51
1.48
L.47
L.4 4

1.43
1.39
1.38
1.36
1. 33
1.30
L,28
r.25
L.23
L.20

weight
1 .00
I .00
r .00
1.00
1 .00
1.00
1 .00
I .00
1.00
1 .00
1 .00
1 .00
1 .00
1 .00
I .00
1 .00

firred
1.54
1.53
1.51
]-49
t.47
1.45
1.43
1.40
1.38
1.36
r.33
1.31
L.28
1.25
L22
f . i9
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Slug Test Results

Title: Slug in
Client: DMC
Job Nunber: 98-516
?lell Nurnber: MVf-2 Shallow

Well Geometry
H: 38. 17
Le: 1,2,
Lw; 38.1?
rc: .083
fr.r: 3.

filter pack poroslty! 0.0
effective radius: 8.338-2

Boulrer Rice Coefficlents
Lelrwt 4,
A: 1.705
B: .zAL
C: .71
ln(Re/rw): 1..639

Hvorglev
P: 52.228

Least, 9quares F1t
slopa: -4.88-2
intercept: L.248+0

Hydraulic Conductivity
Bouwer-Rice: 2.288-s
Hvorslev: 2.8-5

Recovery Data and Fit

tlne y welght fltted
0.00 3.45 1.00 3.45
0 ,L7 3 .42 1 . 00 3.42
0.33 3.40 1.00 3.39
0.50 3. 3? 1.00 3,37
0.67 3.34 1.00 3.34
0.83 3.31 i.00 3.3r.

I
!-)
I
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t:
I
I slug T€.st Results

t Title: Slug in
t client: DMCE Job Number: 99-516

Well Nurnber: !!Il-2 DeeP

I Well GeometrYr H: 3oo.
Le; 12.

I Lw: 31.94
I rci .083

I ;;;,.,0""* o":;:::r, o.o
I effective radius: 8.338-2

Bouwer Rice Coefficients
I Le/rwt 4.571
I A: L.72L

B: ,205
r C: .738
I ln(Re/rw): -971
-

Hvorsl.ev
I F: 48.1.91

E Least Squares Flt
slope i -3.71n+1.

I iotercept: 1.24E+0
IE Hydraulic conductlvl'ty

Bouwer-Rice: 7,058-2
I Hvorslev: L,5BE-2r

Recovery Data and FIt

- tlrne Y welglt! fitted
I o.oo 3.43 1.oo 3'31

0. 01 2,19 1 . 00 2 ,28
0 .o2 L.4B 1.00 I .50

r 
0.03 L.02 1'00 o.ee

I

I
E

I

T

I
I



SIug Test Results

Title: Slug out
client: DMc
Job Nurnber: 98-516
I{elI Nurnber: Mll-Z Deep

?leJ.I GeomeLry
H: ,100.
Le: L2,
Lwr 31.94
rc: .083
rvt: 2.623

filter pack porosity:
effective radius:

Bouwer Rlce Coefficients
Lelxwz 4,5-lL
A: I.'l2l
B: .205
C: ,?38
In(Re/rw): .977

Hvorglev
F: 48.191

Leaet 9guares Fit
slope: -3,84E+1
Lntorcept: 1.31E+0

hydraullc Conductivity
Bouwer-Rlce: 1.08E-2
Hvorslev: 1.748-2

Recovery Data and Fit

time
0. 00
0. 01
0.02
0.03

0,0
8.33E-2

t
T

T

I
t
I
I
t
I
I
I
I
I
I
t
I
,f

;l

I

v
3. 68
2 .33
1.55
1. 05

welght
1 .00
1 .00
1 .00
r.00

fltted
3. 56
2,42
1.5 7

t,o2
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Slug Test Results

Tltle: Slug in
Client: Dt'lC

Job Nunber: 98-51'6
l{eII Nurnber: Mtf-3 5ha11ow

llell Geonetry
H: 34 '79
Le: L?,
Lw: 34.79
rc. .083
rer: 3.

filter pack PorositY:
effective radius:

Bouwer Rice
Le/rw:
A:
B:
C:
ln(Re/rw):

llvorslev
F:

Coefficients
4.
1.705
.201
.7!
L.59't

s2.228

Least Squares Flt
slope i -3.33E-1
lntercept: 1.34E+O

ttydraul i.c ConductlvltY
Bouwer-Rlce: 1.548-4

0.0
8. 33E-2

I
I
I
t
T

I
t
I
t
I
t
T

t
!
I
I
i
I
I

llvorslev:

Recovery Data

t,lme
0. 00
0. 1?
0. 33
0. 50
0 .67
0. B3
l.00

1.398"4

and Flt

v
3. 90
3.61
3.39
3,20
3.04
2.90
2.79

welght
1 .00
1 .00
1.00
I .00
1.00
1 .00
I .00

fltted
3. 83
3.62
3.43
3.24
3.0?
2.90
2,'t 4
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Slug Test Results

Ti.Ele: SIug out
Clierrt: Dt'lc
,Job Nunber: 98-516
tlell Nur.rber: lfl-3 Shallow

WeII GeonetrY
H; 34.79
Lez 12.
Lr.r: 34.79
rci .083
xvti 3.

filter plck Poroslty:
effecELve radlus:

Bouwer Rlce
Lelrrtz
A:
B:
C:
In(Re/rsl:

Coefflclents
4.
1.705
.201
.11
1.597

0.0
L338-2

Hvorslev
F: 52-228

Least Squares Flt
slope: -3.358-1
intercept: 1.41F+0

Itvdraul J.c ConductlvltY
B6uwer-R1ce: 1.55E-{
Hvorslev: 1.48-4

RecoverY Data and l'lt
tfuoe
0.00
0. 17
0"33
0. 50
0.67
0. 83
t .00

v
4 .20
3.86
3.62
3.43
J .26
3.1r
2 .98

weigiit
r .00
1 .00
1 .00
I .00
1.00
1 .00
l .00

firted
4 .10
3.88
3. 67
3,47
3,28
3. 11
2,91



Feet H2O

J._---.--------L.

U
Ko
K
4

1(w
(A
HP
sDH
lF-dc
{

r\)
c)
(.o

(,r
+r

F
H
rc)

F{
H.

Fo

F
Fo
F
tr
f+oct

TF
t-l

l;
x,

l5
Htg

lE
T

T

T

N)
:
H
\(Jl

hJF
F\(o

t\)
H
r{
@F
_t...

H
9o
@tO

HH<tJ Ol
aa

6('ro (o
@(.t'

I
I
t

(,
O
f\)t.J
\o

t\)(O

(()
N)(Jl

t$ r$ r\)@ t.c) \o
aa@r\)u]OrH!ru!H

Inches Hg

r\)
9t
(tl
O
@

N)
P
H
(_rl
F

TE
tr

-t

ra
-:

l;
t
t
I
t

F
:-
(3
c)w



t
T

t
T

t
I
I
I
I
I
t
I
T

t
t
I
I
I
I

Slug Test Results

Title: Slug in
Client: DMC
Job Nunber: 98-516
Well Nunber: MW-3 Deep

liell Geonetry
H: 300 -
Le: 12.
Lw: 35, 9
rci .083
rw: 2.625

filter pack porosityl
ef fective radi.us:

Bouwer Rice Coefficientg
Le/twz 4.57L
A: L.'lzl
B: .205
C: .;38
In (Re,/rw) : .997

Hvorslev
F: 48.191.

Least Squares Fit
slope: -2.LZE+0
intercept z 9.478-L

Hydraulic Conductivity
Bouwer-Rice: 6.Lg-4
Hvorslev: 9.588-{

Recovery Data and Fit

0.0
8.338-2

time
0. 00
0 .17
0. 33
0. 50

v
2.61
1.78
L.25
0. 91

welght
1 .00
I .00
1.00
1 .00

firred
2.57
1.81
L.2t
0, 90



Slug Test Results

Title; Slug out
CIiENt: DMC

Job Number: 98-516
WelI Number: MW-3 Deep

filter pack porosity:
effective radius:

Rice Coefficlents

l{ell Geonet-ry
H:'
Le:
Lw:
rc:
rw:

Bouwer
Le/ rw:
A:
B:
C:
ln (Re/rw) :

Hvorslev
F:

Least Squares
s Iope :

intercept:

300.
t2.
35. 9
.083
2.625

I
I
T

T

t
t
T

!
T

il

T

I
l
n

I
T

I
!
I

0.0
I .338-2

4.57t
L.721
.205
.738
.99'l

48.191

Fit
-2.428+0
1.288+0

Hydraul ic Conductivity
Bouwer-Rice: 5.988-4
Hvorslev: 1.18-3

Recovery Data and Fit

t,lme
0, 00
o,t7
0. 33
0. 50

v
3.66
2, j4
t .'t7
1 .09

weight
1 .00
1 .00
1.00
1.00

fitted
3. s8
2.39
1.60
1 .07
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SIug Test Results

Title: SIug in
Client: DMC
Job Number: 98-51.6
WeII Number: Mlt-4 Shallow

llell Geometry
H: 29.93

I
rl

,!

filter pack porosity:
effective radius:

Le:
tw;
rc:
rw:

tsouwer Rice
i'e / rwt
A;
B:
C:
ln (Re/rw) ;

Hvorslev
F:

t2.
29.93
.083
2.125

Coefficients
5.64't
t.7 49
.2LL
.192
1.798

42.8L3

v
3.57
2.06
1,,L2
0 .57

0.0
8.338-2

I
t
rl

T

t
I
t
I
t
T

t
T

T

I
t
t

Least Squares Fit
slope: -3.7 4E+0
intercept: 1.33E+0

Hydraulic Conductivity
Bouwer-Rice: 1. 95E-3
Hvorslev: 1.91E-3

Recovery Oata and Fit
time
0. 01
0.17
0. 33
0. 50

welght
1.00
1.00
1.00
r. 00

f,Itted
3.64
2 .03
1.09
0. s8



E

I Slug Test Results

- Title: stug out
Client: DMC

f Job Number: 98-516
I HeIl Number: MW-4 Shallow

Well Geometry
I H: - 29.93
I Le: 12,

Lw: 29.93
rcz .083

t rw: 2.125Il
filter pack porosity; 0.0

I
I

T

I
I
t
I
T

I
I
I
t
I

effect.ive radius: 8.338-2

Bouwer Rice Coefficients
Lei rw:. 5. 6,t?
A: L.7 49
B: .zLL
C: .792
ln(Re/rw): 1.798

Hvorslev
F; 42.8L3

Least Squares Fit
slope i -6.48-1
intercept: 1.,448+0

Hydraulic Conductivity
Bouwer-Rice: 3.33E-4
Hvorslev: 3.268-4

Recovery Data and Flt

tirne Y weight fitted
0.01 4.26 1.00 4.18
0. 17 3.75 1 .00 3. 79
0. 33 3. 36 1.00 3. 40
0. s0 3. 04 L. 00 3. 05
0.67 2.75 1.00 2.75
0.83 2.50 1.00 2.4'l

j:l

'ii

t
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Slug Test Results

Title: SIug in
Client: DMC
Job Nunber: 98-516
WeIl Number: M9f-4 Deeo

WeIl Geornetry
H: 300.
Le: L2.
Lw: 26.03
rc: .083
rH.: 2 ,625

filter pack porosity:
effective radius:

Bouwer
Le/rwl
A:
B:
C:

Rice Coefficients

In (Re/rw) :

Hvorslev
Fr

Least Sguar fit
slope: -3,8+0
i"ntercept. 9 j4E-1

Hydraullc Conductivity
Bouwer-Rice: 8.1?E-4
Hvorslev: 1 .36E"3

Recovery Data and Fit

0.0
8.33E-2

!
T

t
E

t
I
T

t
!
T

I
B

T

t
t
t
T

T

t

4.57L
T.72L
.205
. ?38
.94

48.191

tlne
0.01.
0. 1?
0. 33
0. 50

v
2.52
1.48
0. 90
0. 5B

weight
L. 00
1.00
1.00
1.00

fltted
2.44
1..53
0. 93
0. 56
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SIug Test Results

Title: SIug out
Client: DMC

Job l,lumber: 98-51.5
!!e11 Number: Ml{*4 Deep

trle}I Geometry
H: 300.
Le: 12.
Lvt z 26,03
rc: .083
rw: 2.625

filter pack porosity; 0.0
effective radius: 8.33E-2

Bouwer Rice Coefticients
Le/rw: 4.57L
A: ]-'l2l
B: .205
C: ,738
In (Re/rw) z .94 o

Hvorslev
Fr 48.191

Least Squares Fit
slope. -3.35E+0
intercept: 1.268+0

HydrauIlc Conduct,ivity
Bouwer-Rice: 9.18-4
Hvorslev: L,528-3

Recovery Data and Flt

time y weight fitted
0. 01 3.54 1 . 00 3,40
0.17 1.93 1.00 z.Ct
0. 33 r.tz 1.00 1. 15
0. 50 0. 68 1 .00 0. 66
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Slug Test Results

Title: Slug in
Client: DMC
Job Number: 98-516
Well Number: MW-2 Mid

Well Geometry
H: 39.03
Ix; 3.5
Lw: 39.03
rc: .083
rw: 2.125

filter pack porosiry: 0.0
effective radius: 8.33E-z

Bouwer Rice Coefficients
l*lmv:. t.U1 '
A:
B:
C:
In(Re/nr): 2.646

Hvorsley
F: 29.285

I-east Squares Fit
slope: -3.t78-4
intercept: 1.86E+0

Hydraulic Conducrivity
iJouwer-Rice; 8.338-7
Hvorslev; 2.36F,-7

Recovery Data and Fit

time y
0,00 5.35
0,t7 6.45
0.33 6,41
0.50 6.41
0.83 6.41
1.50 6.41

weighr fitred
0.00 6.40
1.00 6.39
L00 6.39
1.00 6.39
1.00 6.39
r,00 6,39



2.00
2.50
3.50
4.54
5.50
6.00
6.50
7.50
8.00
8.s0
9.50
10.50
I1.33
I1.50
12.50
13.t7
13.50
14.50
14.67

15.50
16.50
t6.67
r7.50
18.39
18.50
19.50
20.33
20.s0
2t.50
22.50
23.50
24.50
24,67
25.50
26.50
2't 33

27.50
28.50
29.50
39.67
30.50
72.00

102.00

t32.00

6.40
6.40
6.40
6.40
6.40
6.39
6.39
6.39
6.39
6.39
6.38
6.38
6.38
6.38
6.38
6.37
6.3'7

6.3't
6.3',1

6.37
6.36
6.36
6.36
6.36
6.36
6.35
6.3s
6.3s
6.35
6.35
6.34
6.34
6.34
6.34
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6,33
6.33
6.33
6.33
6.33
6.33
6.25
6, r8
6.1I

1.00
1.00
1.00
1.00
1.00
1.00
i.00
1.00
r.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
r.00
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1.00
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6.38
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6.38
6.38
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6.37
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162.00
r91.33
722.00
251.t7
282.00
3t2.00
341.50
372.00
401.50
$2.40
462.00
492.A0
522.$0
552.ffi
581.83
6i 1.50
641.83
672.00
702.W
't3t.t't

6.0s
5.99
s.93
5.87
5.8r
5.76
5.7r
5.65
_5.51

5.55
5.51
5.46
.5.41

5.37
5.32
s.28
5.24
5.20
5. l5
5.r2

1.00
1.00
1.00
1.00
1.00
1.00
l.gc
i.00
l.m
1.00
1.00
i.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

6.07
6.02
5.96
5.91
5.85
s.79
5.74
5.68
5.63
5.58
5.52
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Atiachmcnt 4

firrmmary Of Analytical Data
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Pcn@hls@hcml <l < t.( < t.l <l <I < l.( <l <l <t <t < t.l

Phcrcl <t < l.l < l.( <1.( < l.l < l.( < l.( <l < t.0l <l < I.l
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rLT.h}llormhrml

{ldrin <0.01, <0.0} <0.0! <0_031 <0.0ii <0.031 < 0.03t <o-dr <0,0', <0.03,1 <0.03, <0.0I

fohr'8HC

r!.Btlc
gHc <o.@: <c.01: <0.01 <0.021 <o-(E <0.011 <0-oz o_02 <0.0?l <4.()2 0.oz <o.{tt
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<0.031 <0.03 <0.01' <0.0!: <0.01 <0_0t: <0.03' <0.o3' <o-o!: <0.01'i <0.01: <0_{B:

...DDD

I.4'.DDE

.DD'I <0.09t <o_cDt <0.04t < 0-04 <o.09 <0.09 <0.091 <0.091 <0.09 <0,09i <0.(D <o.09

<0.0{, <0.04/ <0-0{1 <0.o11 <0.(X, <o-ol! <0.ot4 <0.0! <0.(X1 <0,0& <0.o1, <0.q1

Irdculfao I

II

n Sulfetc

<0.031 <o01( <0-(}1! <0.03! <0.011 <0.m! <0.03! <o.fit! <o.031 <0.(R! <0.01!

:ritti'r Aldchtdc

<0,04{ <0.(x( <o.(X( <0.o{ <0.0{l < 0_(x( <0.o1( <0.04( <0,011 <0.04( <0.ot( <0.ot{

l.rkhld FnrH. <0.031 <0.03i <o 03; <0.03, <0.0]l <0.gti <o.ot', <0.0.t: <0.03i <0.0ti <0.03: <0.03i

<0.17r <o-l7r <0. l7( <0. t7( <0, l7l <0. t7( <0. t7t <0.t7 <0- | ?r <0.1?( <0.17( <0.1?(

<o.0& <0,061 < o-otl <0,0t{ <0.0E( <0,0E{ <0.081 <O.O8r <0.0t1 <0.0E1 <o_08( < 0.08{

lrdld-lOl5 <0.051 <0.(E( o_0q <0.05{ <li.ost <0.0t( <0-o5t <o.051 <0.0J( <0.05( <0.05( <0 0J(

troclor- 122 I <0.051 <o.05 <0.0t( <0.05, <0.0J/ <0.05/ <0.05, <0.051 <O-(Nr <0,05{ <0.O5,1 <0,05,

nrz <0,06t <0.06r < 0-061 <0.06: <0.06: <0.05: < 0.06! <0.06: <0.06: <0.06! <0.06i < 0.06:

*ulw.1212 <0.06: <0.(K <0.065 <0.06: <0.06: <0-06i < 0.065 <0.06: <0.06: <0.06! <0.0d <0.0d
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?c9.t0t6il242
>ca.l22l
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tcvtut
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|,c'"12f0

t
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Attachment 5

Boring Logs



I
I
r Boring Log

t Dixon Marquette Cement Company

I l\{onitoring Well MWI-D (east side of CKD landfiil)
Drilled l9-March-98 by Geotechnical Services, Inc., Davenport, Iowa

I Continuous rock core sampling Q inch diameter by 5 feet long) with 4.25 inch air hammer

I Total depth 78 feet
Geologic descriptions ate from rock core samples, logged by Mark Zell of Preston Engineering,

I Inc. (All measurements in feet)

il
I Depth ol&p *$!!r* 

Unlt p*c:slipdon

I
Pccstonlca Formatlon

Il{edusa member

I 0 4 Limestone, yellow with gray dotomitic mottling; rare brachiopcxl

New Glrnr membcr

I 4 g Limestone, yellow with dark yellow mottling; ronrc brachioports,
gastropodr

Dane rncmbcr

- B 4 Linrestonr, yellow rvilh large dotomitic or shaty mottling somc
bnchiopoCs, pyntio st 19 fect

I 
19 8.5 Dolomite, gray, sandn wggr li.rrm t9 to 29 fcet

t
T

T

T

T

I
I
T

27.5 E

15.5 3

38.5 4

42.5 t.5

Chanr member

Glenwood Formellon

St, Peter Formatlon

Dolomite, gray, randy, pyritic

Sandctone, fing pained quflrtz, pyritlc

Silrtone, gray, fissile

sandstonc, quartz, some pyrile

Sandstonc, quarlz, poorly o cmentat

t 
Rcviscrt S-March-{rl

28



Boring Log
Dixon l\{arquette Cement Cornpany
Monitoring Well MW2-D (south side of CKD landfitl)
Drilled l6-March-98 by Geotectrnical Services,lnc., Davenporf Iowa
Continuous rock core sampling (2 inch diruneter by 5 feet long) with 4.25 ir.':h lir hammer
Total depth 60 feet
Geologic descriptions are from rock core samples, logged by Mark Zell of Preston Engineering,
Inc. (All measurements in feet)

I
T

I
I
T

T

!

&pth-SITo_p

0

29

36.5

39

39.5

4l

43

44

7.5

6

7

I t.5

t6

Thickncsr gd!

t.5

Pccatonlcr Formation

Ilfedura member

4.5

New Glrrur member

I

4.5

4.5

Drnc membcr

t.5

Chanr member

7.5

Glenwood Ibrmatlon

2,5

0.5

1.5

I

3

gt. l'clcr Formetlon .

-Dl:grPl'ir

Fill material, crushed rock

Limcslonc, ycllow with gray dolomitio mottling mro b'rnchiopod

Limcstone, yellow rvith dar* yellow mottling

Lirnestone, yellow with Sray dolonitic mottling some
brachiopods, gastropods, crinoids

Limcstonc, ycllow and grdy, stylolitcs at 12 fca

Limestonc, yellow with largc dolomrtic or rhaly mottling- rrme
bachiopods, pyritic at 19.5 fcct, calciic in vr.,. r 22 feet

Dolomite, gray, siurdy, vugry from 25 lo 26 fcct md 2? to l?.s
feet, calcite in vug at 24 fcet, somc pyr-ite

Limcstime, ycllow and gray with dolomitjc mottlirlg

Dolomitc, guy, sandy, ppitic, wggy st i2 lo 35.5 fcd

Sandstonc, finc graincd quartz, some pyritc

Siltstonc, sandy, gay, sornc pyritc

Siltslonc, gray. lissile

Sandstone, quadz, sonre pyrite

Sillst<'nc, gray. fi ssilc

Sandstone, grrartz, rnottlal, some nyrito

Sandslone, quar:z , pcnrly cernented, pydtic al 47 teet

Sandstonc, quarlz

I
,'t

3

T
2'1.5

f'

47

49,5

2,5

t0

I
I
n

I
I
t

--lRcviscd 5-March-01
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'.
I
I

Boring Log

I Dixon Marquette Cement Company

I Monit";r:rg Well il{W3-D (rvest side of CKD landfill)
Drilled l7-March-98 by Geotechnical Services, Inc., Davenport, Iowa

I Continuous rock core sampling (2 inch diameter by 5 feet long) rvith 4.25 inch air hammer

f Total depth 78 fent
Geologic descriptions are from rock core samples, logged by Mark Zell of Preston Engineering,

I Inc. (All meal;urem€nts in feet)

lr'

t Deelft ojSop ILr:L"SlS U4!t gescriptlon

t 0 I .5 Filt matcrial, crushed rock

Mifllln Formation

I 1.5 E.5 L.imestonc, ycllow. fossilifcrous, brachiopods

l0 8.5 Limestonc. yetlow, mortled

I 
Pelxlonlcr Forrnrtion

Medus! msrnber

I 18,5 4.5 Limestonc, yctlow with glay dotomiric mottling, rarc hrachiotrdr
Nerv Glarus member ;

|| n I1.5 Lime$one, ycllowonith clark yellow mottling" somc brachiopods.

t ard gslropods

Dang member

I 34.5 13 Limestonc, yci'ow with largc dolomitic or shaly mottling some
I brachiopods. ryritic at t9.5 fict, calcits in vug at i2 fcct

Chrna member

I 47.5 7 .5 Dolomito, gran randy, pyritio

Glenwood Forrnrtlon

I 55 2.5 Sandsronc, finc grainul quartz, some pyritcI
57.5 l.J . Silstone, groy, fissilc

I 59 2 sandstonc, quaflz, somcpyritc
!

61 2 Siltstonc, gray, fissilc

l| 6, 3 Sandstonc, quartz, motilcd, some pyritc

t fil Pcter Formation

I 66 Satd6tonc,quadz,po0rlyccmortcd

I

I

Ir
I

I Rcviscd S.March.ol.30

-ri

i

t!.
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Boring Log
Dixon l\larquette Cement Company
It{onitoring Well MW4-D (northwest side of CKD laudfill)
Drilled 18-March-98 by Geotechnic.al Services, lnc., Davenport,Iowa
Continuous rock core sampling (2 inch diameter by 5 feet long) rvith 4.25 inch air hamrner
Total depth 60.5 feet
Geologic descriptions are from rock core samples, logged by Mark Zell of Preston Engineering,
Inc. (All measurements in feet)

I
t
I
I
t
I
I
I
I
T

E

I
I
I
I
T

t
!
t

Dcpth of 'Ios Thlckne{ Unil

0E5

Dercription

Fill nratcrial, crushod rook

Limcstonc, yellow and gray with dolomilic mottling

Doiomite, gray, sandy, pyritic, ruggr

Sandstone, fine grained quartz, somc pyritc

Siltstonc, gray, fi ssile

Safllslonc, qulrlr. mottlo4 sornc pyritc

Sandskrne, quartz, poorl y ccmcnled

29

3t.5

4t.5

46

4E

Pecetonlcr Forrnrllon

20.5

Chrne member

7.5

Glenrvood Formatlon

2.5
a

4.5

2

SL Petcr Formr0on

a
a

3l
Rcviscd 5'March-01



t
t

Boring Log

I Dixon Marquctte Cement Company
I Leachate Wetl LW-3 ': -;

Drilled 07-July-99 by Geotechnical Services, Inc., Davenport, Iowa

t i;Ii6lffiX1lo 
l8 fe€t deep. 4.25 inch air hamrner to 42 feet deep.

Geologic descriptions are from drill cuttings,logged by Mark Zell of Preston Engineering, Inc.

t 
(All measurements ia feet)

t leelh of loe Thlckn*sr g"t! Dqcrlptlon

t 0 15 Brorvn rnist rocky scit

! tr , 
tt't'o'

I 
32 r0 

PecaronrccFo'nr'|ron 

"":-::,:",-,,

I
t
I
I
I
I
t
t
I
I
I 

tcvirert5-Monh{l 
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Boring Log
Dixon Marquette Cement Company
Monitoring Well MWS-D (west of CKD landfill along White Oak Lane)
Drilldd l-June-99 by Geotechnical Services, Inc., Davenport, Iowa
Continuous rock cnre sampling (2 inch diameter by 5 fbet long) with 4"25 inch air hammer
Total depth 49.5 fwt
Geologic descriptions are from rock c,ore sarnples, logged by Elizabeth McMalron of Preston
Engineering,lnc. (All measurements in feet)

!
I
l
r
t
I
t
I
I
I
T

I
!
t
t
I
t
I
t

EeQ:Iror

0

t

2

3

6

I
t0

22

26

tt
v
39

44

Tblqk!€g

I

I

I

,
2

2

t2

4

1

I

5

5

5.5

Unlt

SL Pclcr Formrl|on

Dstsdp!otr

Top soil, bmelt, organl; nntcrial

Fill nuterial

Browr clay, tracc sill dry

Rod (brick cohr) clay, cnrmblcs easity

Liglrt brown silt w/ trace sard, moisl, gray mottlts, r. rrust steins

Bmun to gray sandy silt sc'mc limcstotrc chip

Brown sand tracc &avel

lVcll gradal bronn eoil, Jroorly sorted

Browr sard wilh trmc gravel

Gray, claycy sandstrnc

Gray randstonc wilh brown rnottling

Cray to yclloVwhitc sandslonc

Ycllow to graylgrccn randstooc

o

Rcvilcd 5.March4l
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7.75

0.5

9

0.5

4

0.5

4.75

t2.t

t3

22

22.5

26.5

v

t
T

t
I
I
t
T

T

I
t
T

I
I
I
t
I
I
I
I

Boring Log
Dixon l\{aryueffe Cement Company
Monitoring Weil I\{W6-I} (rvest of CKD landfill along White Oak Lane)
Drilled 7-June-99 by Geotechnical Services, Inc., Davenport, Iorva
Continuous rock core sampling (2 irrch diameterby 5 feet long) with 4.25 inch airhammer
Total dcpth 40 fent
Geologic descriptions are from rock core samples, logged by Elizabeth N{cMahon of Preston

Engineering,Inc. (All measurements in feet)

Unltoepth gIToE

0

I

2

Thicknesc

I
I

I

275

81, Petcr Forrnrtion

Dercriptton

Top soil, browt organic material

Bm*n clay with organic rnaterial

Bm*7l clay wilh tracc sard with rust an<l yellow
nlottles

Bmwn sand wi{r lirnestone chips, arxl trac€ Bilts

Gny scdimarUsi hy rnatsrial

Bmwn send witJr tracc Aavcl, brown, furc" tracc silt

Riva Rock

Bm',vn saxl with gravcl arx! tracc silt

tjght hown clay

Ligtl Wy to Eny sandslonc with Sand lcru, ..r
stainr, and bmwn rnotlling

Gny to gctn sardStonc rvith bro*rt moflling

Rcviscd J-Match.0l
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Br.rring Log
Dixon l\{arquette Cement Company
Monitoring Well MW7-D (rvest of CKD landfill along White Oak Lane)
Drilled 9-June-99 by Geotecluiical Services,Inc., Davenporl Iowa
Continuous rock core sampling (2 inch diameter by 5 feet long) with 4.25 inchair hammer
Total depth 34.5 feet
Gmlogic descriptions are from rock core samples, logged by Elizabeth McMahon of Preston
Engineering,Inc. (All measurements n feet)
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6

4

2

Glenu'ood Formrlion

6

SL Peter Formrtlon

t3.5

Dcscription

Top soil, bmwn, organic material

Gny to light brown limestone rvith bro$n mottles

Brown to gray lim*tone with fossils

Gray to da* gray limcstone sil'nr of Colomite

Light bmwn limcstune with ru;t etainr

Dark gray shale with greasy fecl
Fracturc noted from 15.5' to 16.5'

Grcqr to gray sandstonc

Pcvisr:d 5-lvlarch.0l
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Boring Log

! Dlson Marquette Cement Company

t h{onitoring WelI MW8-D (west of CKD landflll along White Oak Lane)
Drilled I l-June-99 by Geotechnical Services, Inc., Davenport, Iowa

I Continuous r.rsk core sampling (2 inch diameter by 5 feet long) with 4.25 inch air haminer

I Total depth 39.5 Seet

Geologic descriptions are from rock core samples, logged by Elizabeth \4cMahon of Preston

I Engineering,Inc. (All measurements in feet)

t

I Dapth ofTop Thlchness Unli Descriptton

I O I Top soil, bro$tL orgpnic matcrial wirh whitc limcstone
chips

Pccslonlca Formr0on

- | 4 While limestone with brown mottlcs and fossilizrd
material

I 5 6 Brown limestone wilh gray to da* gray moltlcs

I I I Quanz or dolomile matcrial with silica traces

InIFossilsotscrvedinstonerI'
t3 2 Limestone, gray cxterior with bmwn intcrior

I 15 3 Whitc limcstonc s'ith rcddish brown mottleg

I 18 2 Tnnsitionzone: attematinglayen ofGlenwood shateand
Pecatonica limestone,

I 2P I Clay wirh r::st nrotllesr
21 0,5 Bludgraygrcasyclay

I 21.5 I Darkgrayshalc

- ?A.S 2.5 No rccovcry from horing

- SL Petcr Formrtlon

I 27 0 sandstonc ob,sewed from cutlings

- 14 3 Friablesandstone

t 37 2.5 Solid sandstone

t 
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Limcsonc. ycltow wirh gny dolomiric mouling,
nn.bnchiopod

Limesonc. ycllow widr da* ycllow mottling,
somc bncbiopodr. g,esmpds

Limoslonc. ycllow wirh largc dolomidc or shaly
monling. somc bnchiopods, pyridc ri t9 fccf

Dolomitc. Bny, endy, vuggy from t9 to29 fr*;r

Dolomitc, gny, szldy, pyritlc

Sudsonc. linc gniocd quarz. pyritic
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Limcrtonc. ycllow wi0r gny dolorniric monJing.

nrc bnchiopod
Urncstonc. ycllow wirh drrk ycllow monJing.

sornc bnchiopodr. gasrmpods

Umoonc, ycllow with hrgc dolomiric or:haty
mouling. romc brechiopods, pTridc rr l9 fcct

Dolonritc, gny, s rd'J, vuggy from 19 ro 29 fccr

Dolomitc, gny, sandy. pyriric
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S_gldtopg, fnc gnird qurm, pyritic

Silbtonc, gny, fissilc

Surdstonc, quartz. conrc pyritc
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Fill margrial. crushcd rock
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4436 North Brady.street
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lLtrr.rors ENvTRoTMENTAL pRorEcrroru Acrlrcv

l02l i{oprH GnaNo Avrr.rur E^sr, p.o. Box 19276, Senrxcrrelo, rrrfiror 62794-9276

THor,aas V. Sxr.ru,rrn, Dtnrcron

September 13, 1999

Dixon-Marquette Cement Company
l9l4 Whire Oak l-ans
Post Office Box 467
Dixon,Iflinois 61021

I{e: Dixon-MarquetteCement Cornpany
Dixon Plant
NPDES Permit No. IL00035t4
Modificarion of NpDES permit (Afier public Notice)

Gcnilemen:

'lhe lllinois Environmentat Protection Agency has revicwed the request for modification of theabove-referenced NPDES I'emtit and issued a puutic notice based on that re4uest. 
-nt" 

irulo.:ision of theAgency is to modify the permit as follows: .

Outfall 003A has bccn redesignated Outfall 015.

Intcrnal outfalls 001A, 0018, 001c, 002n, 0028, 002c, 002D,0028,0034, 0038, 004A nnd 0048 havobeen dcsignated.

Orrtfall 014 has been added to the pcrmir.

outfalls 007, 008 and 009 havc bcen removcd frorn lhc pernit duc ro covcrage under NpDES pennit
il,o840104.

Ertclosed is a copy of the modificd Pcrntit. You.have tlrc righr to appcnt this modification ro tho lllinoisPolfution corttrol lloard wilhin a35 day perioc follorvir:g rhc nioiin.oiibn,lurr rrio*iiorllii. nrr, pagc of thepermit.

Should you ltavc any qucstion or commenls rcgorriing lhs abovc, pteosc contact Davicl Gindcr of nry staff.

Very truly yours,

,

Manogcr, I,crmit Seclion
Divlsion of Wator Pollutiorr Control

TG M : BJY : DI, G 98030407 .dllt

n nschment: Modified pcrrfrit

cc: Rccords
Compl inncc Assurrncs Sectiolr; l,tl1l"et, lloffman & Aseoclatee

t'
.lr.

tq:

ll
tt.

,,



NPDES Permit No. lLqn3514

lllinois Envirenmental Proteclion Agency

Division of Waler Pollution Control

1021 North GranC Avenue Easl

Post Oflice Box 19276

Springfielrl. lllinois 62794-9276

NATIONAL POLLUTANT DISCI-IARGE ELIMINATION SYSTEM

I
I
I
I
t
t
I
t
I
t
t
I
I
I
I
I
I
I
T

Modified (NPDES) Permit

trxpiralio;r Dale; November30, 2000

Name and Addross of Permifiee:

Oiron-lrtarquetle Cement Company
1914 \4/trits Oak Lane
Post Office Box 467
Dixon. lllinois 61021

Discharge Number and Name;

O01A lnternalOulfall o '
0018 InlernalOutfall
fi)lC lnternalOutfall
001 Comblned flows from Outfalls 001A - 001C, and Slorm Water
0024 InternalOutfall
0028 InlernalOutfall
O02C InternalOuttall
002D lntemalOutfall
002E InternalOulfall
002 Combfned flovrs from Oulfalls 00?/. - 002E. and Storm Waler
003A lnlernalOutfall o
0038 lnlernalOulfall
003 Conbinsd flowe from 0034 - 0038, and Storm Waler
0044 Intornal Oulfall
0048 InlernalOutfall
004 Combined flowe fiom Outfalls 0044 - 0048, and Slorm Waler

runoll lrom an Inaclivo Limeslono Minlng Are a and Cemenl
Kiln Dust Landfill

005 Slorm Waler Runoff lrom lnactivs Limcslone Minlng fuea,
Aggrogalo Waeh Planl Sedimonlation Pond Ovorflow and
Coal Slock Plle Runofl

000 $lorm Water Runoff
014 Storm Walor [iunoff from an Inaclivo Llmsslono Minlng fuea

and Comenl Kiln Dust Landfill
u15 Srwago Treatmenl Plant Effluent

Rock River

lssue Date: Docsmber4, 1995
Modilication p6l6; September 13, 1999

Facility Name and Address:

Dixon Pfanl
1914 \/vhite Oah Lane
Dlxon.lllinois 01021
(Lee County)

Receiving \4/a1..'rg

Rock Rlver

Rock River

Unnamed Tribulary to tho Roclc Rlver

Rock Rlyer

Rock River
Ro-k River

Rock River

ln comp.lianco wilh lho ptovislons of the li,inole Envlronmenlal Ptolectlon Act, Tillo 35 of lll. Adm. Cods, $ubtltlo C snd/or Subtitle D, Chaplor
1, and lhe Clean Walsr Ad (CWA), the above'named pormiltee is hereby authorized to dischargo ol ths abovo locoilon to ttrs abov's.narirod
recaiving stream In accoldsnw wilh lhe slandard conditiono and attachmenls herein,



Page2

Permittee is not aulf*ized to disdlarge afterlhe above expiralion date. In order to receive aulhorization to discharge beyond the expiration
date, the permittee shalt submit the proper application ai required by the lliinois Environmental Protection egen-cy (lEpA) not lat'er than
18O days prior to the expiration date.

Manager, Permit Section
Division of Wa(er Polluliorr Conlrol

TGM;DPG:98030407.d1k
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Hodification Date: September 13, 1999

NPDES Peunit No. 1L0003514

Effluen! Limilations and Monitorino

I
t
I
I
I
I

LOAO LIMITS lbs/day
DAF (DMF}

COI'JCENTRATION
LIMITS mo4

30 DAY OAILY SAMPLE SAMPLE
AVERAGE MMIMUM FREQUENCY WPE

1/Month

1/Month

1/Month

1/fvlonth

1/Month

1/Monlh

PARAT'ETER

I . From lhe modificalion date of lhis permit until the expiralion date, lhe effluenl of the following discharge(s) shall be monitoied and limited
al all limes as follows:

Outfalls: 001 and 003

30 OAY
P.VERAGE

DAILY
MAXIMUM

Flow

pH

Temperature'

TotalSuspended Solids

TolalDiBEolvsd Solids

Sulfate

See Special Condition 2

See Special Condition 5

Monitor Only

Monltor Only

Slngle-::il' 
I

Sinole-:il' t
:::: I

3015

'Al the tirne of each effluenl sampling event, e-grab samplo of the coollng water Intake for each outfall shall be collecled and a temperaturo
rcading ehallbo taken and r€poded on tho DMR fom. t

t
I
I
t
I
I
t
I
T
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I
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P;,se a

Manganeso

Sulfalo

LOAD LIMITS lbs/day
DAF 

'DMFI

CONCENTRATION
I tMl'fS mn/l

Hodiflcation Date: September 13, 1999

NPDES Permlt No. 1L0003514

Effluent Limitations and Monlloring

30 DAY
AVERAGE

DAILY 30 DAY DAILY SAMPLE SAMPLE
PARAMETER MAXIMUM AVEMGE MAXllvlUM FREOUENCY ryPE

1. From ihe modification date of this permit until the expiration date, the effluent of the following discharge(s) shall be monilored and limilod
at all times as folloars:

Outfall: 002

I Fbw

lpH
Temperature'

I rohlsuspondecisotids

See SpecialCondition 2

See SpeclalConditlon 6

18.6"

Monllor Only

Monltor Oniy

1/Month

1/Month

1/Month

1/Month

1/Month

lfivlonlh

1/Month

1/Monlh

Single
Roading

Grab

Single
Roading.

Grab

Grab

Grab

Grob

Grab

I g- Monilor OnlY

I Jotal Dls8olved Solids Monllor Only
-

7.03.5€

I
I
T

I
t
t
I
I
I
I

'At the lime of each ofl'luent sampling €venl, a grab sample of the coollng waler lnlake for each outfall shall be coliecled and a temperature
reading shall be laken and reported on the DMR fotm.

"Seo Spoclal Conditlon 13
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l'fodfflcation D,.te: September 13, 1999

NPDES Permit No. 110003514

Eflluent !imitatigns and Uonitoring

CONCENTRATION
LIMITS mqfl

t
I
I
I
I

SAMPLE
TYPE

LOAD i.lMlTS lbs/daY
DAF (DN4F)

30 DAY DAILY 30 DAY DAILY SAMPLE

PARAMETER AVERAGE Mfu\IMUM AVEMGE MAXIMUM FREOUENCY

1 . From the modiliealion date of this permit until the expiration date, the eflluenl of the following discharge(s) shall be monltored and limited

at all times as follows:

Outfalls; 002C, 004A,0048 ancl014

Flovl

pH See SPeclal Condition 2

Totalsuspended Solids '15

Total Drsqohed SoiiJs" Monitor Only

Sulfate" Monitor OnlY.

"Tolal Dissolved Solids and Sulfate Monitoring reguired for Outfall0l { only.

30

1/Month

1/Month

1/Month

1/Monlh

lrlvlonth

Single
Reading

Grab

Grab

Grab

Grab

t
3

t
E

t
T

t
T

I
T

I
I
T

;
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I
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Page 6

I
PARAMETER

Hodification Date: September 13, 1999

NPDES Permit No. 110003514

Effluent-Limiiatlons and Monitorino

CONCENTRATION
I llJlT.9 mo/l

LOAD LIMITS lbs/day
DAF {DMFI

DAILY SAMPLE
AVERAGE MMIMUM FREOUENCY

I 1. From the modificalion date of this permit untif.the expiration 8ate, the effluent of the following discharge(s) shall be monitored and limited
f at all times as follows;

rl Outfall: 004 o!
! Flow 1/Month Single

Reading

I pH See Speclal0ondition 2 1/Month Grab

.Temperature See Special Condition 5 l/Month Single

I Reading

! Totalsuspended 15 30 1/Month Grab
$olids"

I 'lotal Dissofved Solids Monitor Only 1/Month Grab
I

Sulfate Monitor OnlY 1/Month Grab

I
r 'At the time of each effluent sampling event, a grab sample of lho coollng water lntake for each outfall shall be collected and a lemperaturc

reading shall be taken and reportsd on lhe DMR form.

I "See SpectalConditlon 13.

I
Outfall: 0024 and 005

II Flow l/Month Slngle
Reading

t pH See Spocial0ondition 2 1/Month Grab
Ir Tolal Suspended Solids 15 30 1/Month Grab

I tron.. 2.0 4.0 1/Month Grab

! Mangan63e," 1.0 2,O llMonlh Grab

I 'Effluent sampling for flow shall be conlinuous lf hardware allows othen /iee lt shall be once a month slngle readlng,r "lron and Manganooe monitorlng for Outfail 005 shall be Monltor only.

Outfalls: 006

30 DAY DAILY
AVERAGE MAXIIUUM

30 DAY

1/Month

1/Monlh

1/Month

SAMPLE
TYPE

Grab

Grab

!
T

I
t

Flow

pH See SPeclalCondltlon 2

TotalSusponded Sollde

'Effluonl sampling for flow ghall be contlnuous lf hardware allows otherwlse lt ehalf bo once a month elngle reading,
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Hodification Date: September 13, 1999

NPDES rr€rmit No. 1L0003514 6{
EJflugni Llmllalliong€td Monltorino

r
I
t
:.,LOAD LIMITS lbs/day

DAF {DMF|
CONCENTMTION

llMlTS mq4

PARAMETER
30 DAY DAILY 30 DAY DAILY SAMPLE SAMPLEAVERAGE MA)(IIi4UM AVERAGE MAXIMUM FREQUENCY wP:

1. From the modification date of this permit until the expiration dale, lhe effluent of the following discharge(s) shall be monitored and fimltedat all times as follows:

Outfall: 016 - Sewage Treatmenl plant Eflluent

Grab

Grab

Grab

!
I
f'

T

t
.'

t
I

Flow

PH See Special Condition 2

Total Suspended Solids

BOD6

Fecal Coliform See Special Condition 1

30

30

'llMonth

rlMonth

60 'lltvlonth

60 l/Month

I
T

t
I
t
I
t
T

t
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Hodification Date: $eptornber 13, lggg

NPDES Permit No. 1L0003514

Soeciel Condltlons.

T

T

!
T

I
I
I
I
T

I
I
T

T

I
t
t
t

sPEclAL CoNDlTloN 1' The daily maximum fecal coliform count shall nol exceed 400 per 100 ml.

SPECIAL coNDlTloN 2. The pH slrall be In the range 6.0 to 9.0. The monthly rninlmum and monthly maximum values shall be reportedon lhe DNiIR form.

SPlClA!:coNDlTlSN 3. Wthln.18O days of the modificaiion date of,this permit, the permittee shall provide written information to lhelllinois EPA on any biocides used in the P6werhouse cooling rowers. suc-ninformalion srrail inctuue'ihe name of lhe chemical(s) used,aclive ingredienls. dosage coRcentration,. anticipated conc.eniralion in the discharge from outfall OOf n ano Outfjf r ooi,'anJ;i;i; toxicitydata' The lllinois EPA I?Y Tgqlfy this. perinit during its lerm based on Inf6rmation prouio"d ,na"r thts speciat condilon. suchmodificaiion shall follow public Nstiie and opportunig flr hearlng.

sPEclA!- qpNplTloN 4. Sampling at outfalls 001, 002 and 003 shall be performed during dry weather periods (when no stormv,,ater ispresen! In the discharges).

sPEclAL coNDJTloN 5' Discharge of wastewaler from outfails 001, 002, 003, and 004 must not alone or in combination with othersourc€s cause the receiving stream to violate the folloyllng thermal limitalions at.the edge of tne mixing zone which 6 OenneO by $ection302'211,lllinois Administration code, Tiile 35, chapter 1-, subtitle c, as amended:

A. Maximum temperature rise above !,alurat temperature must not exceed s"F (2.g"c).

B. Water temperature at representative locatioils in the main river shalt nol oxceed the maximum limits in the follovring table duringmore than one (1) percent of the hours in the 12-month period ending with any month. Moreover, at no time shall the waterlemperature at such localions exc€ed the maximum limits ln tho followingiable.by rirore than a;r 1t.z"i;. tMarn iiv"i iemferaruresare temperatures of those portlons of tho river essentially simllar to ano-totlowin! the same ttrerniat r"girJ 6'i#t"rleiatures orthe main flow of the river.)

JaA. ftb, Mar. April May June Jliy
oF 60 60 60 90 90 90 90

"c 10 16 16 32 32 32 32

C. The monthly maximum value shall be reporled on the DMR form.

Aug, Sept Ast
90 90 90

32 32 32

Nov. Dea

90 60

32 16

SPFC!11CObIDITION 6. Forthe putpose of this permit, Outfalls 001A.001C,001, OO2A-002E,002,003A./J038,003,004A-8,004,005,
and 014 are designated as follows:

Outfall Description
Number

001A Non.contaol cooling yrater from the powerhouso Coollng Towers

0018 Old Clay Storage Building compressor cooling water

001C Raw Mills and Raw Mill compressor cooling waler

001 Flows Tributary to Outfalls 001A, 0018, 001C and slorm wator

0024 Coal Pile Runoff

0O2B Planl Alr comprossors coollng water

O02C Coal Mill coollng water

002D Preclpitalor compresEore coollng waler, Prehealer Fans coollng walor, Analyzer rualer, Dracco
Baghouse Fan cooling water, Homogenizlng Sllor compreseors cooling waler,ll1 ,2, 3 Klln plers
Dlscharge End cooling water

O02E #1 , 2, 3 FlnJsh Mills coollng watql gqmenl coolers, ll1 ,2, 3 Finlsh Mlll compressor coollng water,
ll4 Finlsh Mill cooling walat, M Flnish lvlill comprsosor coollng water, B Pump comprcssoro
cooling waler

O02 Flows trlbulary to Outfalls OO2A - 002E, and storm waler



P"g" U

Modlfication Date: September 13, 1999

NPDES Permlt No, 1L0003514

Soecial Conditions

Packhouse compressors'A' Pump cooling water
003A

OOSB Packhouse compressors Instrument Air cooling water

003 Flows tributary to 0034 and 0038, and slorm water

004A #'1,2,i, Kiln Piers Feed End cooling water, #{ Piers Discharge End cooling water

0048 #4 Kiln compressors coollng waler, \Mreelabralor Baghouse Fan Motor Bearings cooling water,
fl4 Kiln Plers Feed End cooling water

004 Flows Tributary to Outfall00lA and 0048, and storm water runolf from an Inactlve Llmestone
Minlng fuea and Cemenl Kiln Dust Landlill

005 Slorm water runoff from Inaclive Llmestone Mining Area, Aggregate Wash Plant Sedimentalion
Pond Overflow and Goal Stock Pile Runoff.

014 Storm Water Runoff from an Inactive Limestone Mining Area and Cement Kiln Dusl Landfill

SPECIAL CONDITION Z. Samples taken ln compllanco with the effluent monltorlng requlrements shalt be taken at a point representative
of the discharge, but prlor to entry lnto the receiving stream.

SPECIAL CONDITION4. The permlttee shall record monltoring results on Discharge Monitodng Report forms using one such form for
each dischaige each monlh. The completed Discharge Monltoring Report form shall be submltted monthly to IEPA, no later than the 15th
of the following month, unless otherwise specified by lhe Agenry, to the followlng addreos:

lllinols Envlronmental Protection Agency
. Bureau of Water

Compllance Assurance Section
1021 North Grand Avenue East
Posl Oflice Box 19276
Springfi eld, llllnols 62794-927 6

Ffows shall be reported aa a monthly averageon the Discharge Monltorlng Report form.

SPECIAL qONDlflON L The permitlee shall notify the Agency In wrltlng by certlfled mail wlthln thlrty days of abandonment, cessatlon,
or suspension of aclive mining for thirty days or more unless caused by a labor dispute, During cessation or suspension ol active mlning,
whether caused by a labor dispute or not, the permittee shail provide whatever Interim lmpoundment, dralnage dlverslon, and wastewater
treatment ls necessary to avold violatlons of tho Ac{ or SubliUe D, Chapter 1.

SPE9IAL CONDITIOtrLIQ. The Agency hae determlned that the eflluenl llmitatlonn ln thls permit constitule BAT/BAC for storm water whlch
lg ttealed In tho exlsllng trealment facillties for purpooes of thls permit lssuanco, and no pollution preventlon plan will be required for such
storm waler. In addition to the chemical specific morritoring roquired olsewhere In this permit, the permittee shall conduct an annual
Inspection of the facllity slte to ldentify areas conlributing to a storm water discharge aseoclated with mlnlng or Industrlal actlvlges and
delermine whether any facllity modilications have occuned whlch result in prevlou-sly-lrealed stolm water dlsCharges no longer recelvlng
treatment. 

- 
lf any such dlscharges are ldentilied the pormlltee shall request a modllicallon of thls permit withln 30 diys after th-e inspecgori

Records of tho annual inspection shall bo retalned by the permittee for lhe term of lhls permlt and be made avallaSb to the Agency upon
requesl.

S8EAIAL!9NOUIA$-11. Mining excavation oporalions shall malntaln a mlnlmum aelback of 200 feet from the two prlvate potablo wollg
located in Sectlons 15 and 22,ldenllfied as welle 13, 17, 18 and 113 In tho permlt applicatlon, pursuant to oectidn ta.Z bt the tttinols
Environmental Protection Act.

SPECIAL_QONDITION 12. The use or operatlon of thls facility shall be by or under the euporvlslon of a lertified Clase K op6retor.

SPECIAL cQltplTElt'J 19, The Outfall 002C Total Susp.ended.sollde (fSS) loadlng. rate ehall be subtractod from tho TSS toadlng rate
determlned lor Outfall 002 when verlfylng compliance wlth ths 10.0 lbs/day TSS loarl llmlt placed In lhe pernrlt,

Additionally, when river water ls used ae a sotlrce of coollng waler br Outfalls 002 and 004, a grab eample of tha rlver rvater at lhe rlver
water Inlako ahall be taken.and analyzod for T$S and lhe reeull shall bo reported 

-on 
the Dlochargo Monltorlng Report (DMR) ln mg/l. The

background river TSS loadlng rato mqy Pe eubtracted ftom the TSS loadlng rate for Outfalle 002 and 004 when v'edfvlng co'mnilance wth
!l',o I99 limits placed in the Effluent Llmllallone andlvlonltorlng porllon of the permlt. lf the TSS background rlver velue ie subiracteO trom
lhe TSS resullsreported on lhe DMR for Oulfalls 002 and/or 004, calculallona ahall be provkJed thal demonetrate how tfo reporteO fSS
valuse wsro determlned.
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Hodlfication Date: September 13, 1999

f"S" fO

. NPDES Permlt No. 1L0003514

Construction Authorization

Authorizalion is hereby granted to the above designed to conslrucl lhe mlne and mine refuse area described as follows:

The facility is an exlsting, approximately 802 acre inactive limeslone quarry, aggregate processing area and wash plant, and eemenl
processing ptant, designatecl as the Dixon-Marquette Company, Dixon Plant, located in Sections 22, 27 ,33 and 34, T22N, R9E of the 4th

F.1ll. in Lel'County, lllinois in trixon. Facility operations include the crushing and stockpiling of limestone aggregate which is processed

through a rolary kiln for the produc{ion of Portland Cement. Ptanl operation resulls in an average discharge of 0.06 MGD of nonconlac't

cooling water from the powerhouse cooling lowers from outfatl 001A, 0.005 MGD of compressor cooling water from the Old Clay Storage

Building from outfall 001 B, 0.009 MGD of raw mills and raw mill compressor cooling water from outfall 001C, 0.074 MGD of combined flows

from ouf,alls 001A, OOlB,001C and storm water from outfall001,0.004 MGD of coal pile runoff from outfall 002A, 0.008 MGD of plent air

compressors cooling water from outfall 0028, 0.028 MGD of coal mill cooling water from outfall 002C, 0.132 MGD of precipitator

compressors cooling water, prehealer fans cooling v/aler, analyzer waler, Dracco baghouse fan cooling waler, homogenlzlng silos

@mpressors cooling water, #1,2,3 klln piers discharge end cooling waterfrom outfall002D, 0.314 MGD ol#1,2,3 finlsh mllls coollng wal8r,

cement coolers, #1 ,2,3 finish mill compressor cooling waler, *4 finish mill cooling water, #4 finish mill compressor cooling water, B pump

compressors cooling water from outfall 002E, 0,48 MGD of comblned flows from outfalls 002A-002E, and stonn water from outfall 002,

0.008 MGD of packhouse conlpressors "A' pump eooling vrater from oulfall 003A, 0.006 MGD of packhouse compre$eors Instrument alr
cooling water from outfall 0038, 0.014 MGD of combined flows from outfalls 003A and 0038 and slorm water from outfall 003, 0.05 MGD

a1 #1 ,2,3 kiln piers feed end cooling waler,ll4 kiln plers dlscharge end cooling water from outfall O(XA, 0.10 MGD of #4 klln compr€ssors
cooling water, wheelabrator baghouse fan molor bearings cooling water, ll4 kiln piers feed end cocling waler from outfall fi)48, 0,15 MGD

of combined flows from outfalls 0044 and ff)48 and storm water runoff from an Inac-tive limestone mlnlng area and cement klln dusl landfiil
from outfall @4, storm water runoff on an lnlermltient baslE from an lnactive limestone mlnlng area, aggregate wash plant eedimentatlon
pond overflow and coal stock plle runoff ftom outfall fi)5, an Intermlttent dlscharge of storm water runoff from an Inaclive mlnlng area and

mine processing area ftom outfall 006, 0.229 MGD of storm water ruttofff;om an lnac{ive limestone mining area and cement kiln dust landfill

from outfall 014 and 0.013 MGD of sewage treatment plant effluent from outfall 015. Sedlmentation ponds will be constructed prlor to

outfalta 0024 and 014. Oulfalls 001, 002, 003, 005, 006, 014 and 015 and the llows ttibulary to theeo outfalls diacharge to the Rock Rlver.

Outfall 004 and the flows tributary to outfall 004 Slischarge to an unnamed tribulary of the Rock Rlver,

The abandonment plan submitted with the applicalion May 22,1995 shalt be executed and comploted in accordance wlth Sectlon 405.109
of Subtitle D: Mine Related Water Pollution.

This Authorization ls lssued 6ubject to the following Speclal Condition(s). lf such Speclal Condillons requlre additlonal or rovlsed facllltlos,
satisfactory engineering plan documenls must be submitted to this Agency for revlew and approval.

lf any slatement or representatlon in the application ls found lo be inconect, lhis permlt may bo revoked and the permlttee thereupon waivos
all rlghte thereunder.

The issuance of thla permit (a) shall not be consldered ae In any manner affecllle the lltle of the promlsea upon whlch the mlne or mlne
refuse aroa is to be ldcated: (b) does not release the permlttee from any llabilily for damege to person or property caused by or tesulllng
from tha Installation, maintenance or operation of the propoeed facilltles: (c) does not lake Into conslderetlon the structural etabllily of any
units or parts of the proJect; and (d) does not release tho permitlee from compllanco with olher applicable statutos of the State of llllnols,
or wlth applicable local laws, regulations or ordlnances.

This permlt may nol be assignod or transferred. Any subsequent operalor sltall obtain a new permit from the lllinols Envlronmenlal
Proleclion Agency.

There shall be no deviations from the approvod plano and specifications unless rcvised plans, specifications and applicatlon shall firsl have
been submitted to the lllinois Environmental Prot€ctlon Agency and a aupplemonlal permlt lssued,

The permll holder shall notlfy the lllinois Environmenlal Prolectlon.Agoncy (217n82-3837) lmmodlately of an omergoncy at tho mlno or
minq refuse area which oauses or threatens lo causo a sudden dlacharge of conlamlnanlB Into lhe wators of llllnola and shall lmmedlately
undertake nec€ssary correctivo measures aa required by Rule 405.1 1 1 under Chapter 1, Subtitle D: Mine Related Water Pollution of lllinols
Pollution Control Board Rules and Regulatlons.

Final plans, specificatlons, appllcation and eupporting documenl,l as aubmilted and approvod ehall congtltule part of lhls pormlt and are
iden1iisd In llie rocorde of the lllinols Envlronmsntal Protoctlon Agency, by tho permlt numbor doslgnated In tho headlng of thls Sectlon,

tsY:DPG\98030407.D1K



Act means thc lllinols Environmental Protrction Act. 4i5 ILCS b at ArrilndrC.

A9e ncy mean3 lh. lllinois Envirmm?nlal protogtion Agcncy.

aottd mran3 Orr lllinoi3 Pollullon Control Sgsrd.

Claen Wrtrr Act (lormedy rctcrcd to a5 tho FcderetWaler Poilution ControtAcl) mEsnt
Pub..L 92-500. ar emcndcd. 33 U.S.C. t25t cl s?q.

NPpES {Nalional Pollutant Discharga Eliminatron Sy3lcm) mcsn3 thc nttionrt grogrrrn tor
irruhT. moddying. ruvoking ald rei33ut19. tetr'hrli'}g, mgl'toihg ..rd rnl$clng prmitr. rnd
impo:ing and cnforcing pretrcarment tequkemsnls. undst Sectionr A07.402,319 |nd d03
ot thc clsan wat?r Act,

USEPA mesns tho Unit0d Stat.r Environmentat Prgloctlon Agcncy.

Oally Oltchrrgo fireg|r fhr dbdtar!! of e pollutant me.rurad during r c.tlndsr day or any
zfrrour period that rcasonably rcpr!3rnts thc calcndar dty ld putposc! ot Bmgtht. Fd
polhntrS with limilations sxprerrrd ln untlt of ma3s, th! .dalt dirl||arga. t3 c5culsl.d es
th. lolal ma33 ot thc pollulanl disctrergoci ovcr th. day. Fof poltt ntt' wiih timttrtbnt

"rprca*d 
h olhcl uniB ol riErsur.nr.ng.ols .dally dlrdltrg!. b cllatblcd rr th! rvGrago

mcr3urlmlnl of lh? pollulsnl ovcr lhc day.

l,laxlmum Drlly Olrchrrgo Llmlt.tlon (delt malimum) mcrnr thc high?3t a[onabb drllt
disciargr.

Ayrnga Monfhty Olschrrg. Llmltruon (30 day awr.gc) mcenr lh! hl$hgg .',c^ratt
av€tage ot daity liseh2Jges over ! catetidar mcnth, 

"aiar'ais, 
i:3 tls 3um i! zii oetil

rli3drargr3mrarurrd durin0 E cahnd.r month divided blthc numbBr ot dally dirctargoa
mrrrurcd during lhat month.
.. ; i _

Avor.gr Wsckty Obch.rgo Llmltrilon (7 day averaga) me.nr.ehr highost ailoe/ebto
averapa ol daily dirchargcr oyer a calcndat wcek, crtsJlstld t3 thc aum of ail daiv
di3cia'gca mealuGC duirg e -tttndef wetl, C,ivl(t?t by tha numb.r ot dslty Cis$rrtcr

Atuchm.nt H

Sbndrrd Condlttona

Detlnltlons

mca3urcrl durlng lhrt weclL

^i, 
. .'-:;. ,a , . .:: -r:)' 1'-l-..

B?sl Manro3mrnt Pmetlc.s lEM.nrg.mrnt Pracucrs (8MPe) rnrsn! sdtedi,,hr of 
'edivfibr, 

prottbttJni d p.articar,
manlenane p.odurpi, and olher rnanagemcd p?Daio;i to pravcnt of rrducc lhr pc[ution
ot eatel' ot thr Stalc. BMPs atJo hclrd! t cst nant Equiremcd!, opcrdhg pl@adurlr, Bnd
praiic.3 ro cDnuDl pbnt !ll0 ruoot rpillag? of leab, rtudlc orwrr|. dirpor.l, or drehrgr
korn tsr mal?riel stot!g!,

'- ..,- t.
Allquot mcanr ! sampb of sp!cfiad voliJrnr u3cd to msxa up a totrl cgmporita serrtplr,

Bnb Srmph rncans en hdir!:tual sampl! ot rt lcatt tOC ml$lilrlr cofleird 8t. r.ndomly.
rBleclld lhnt ovct r-prrlod ngt rxcreding 15 rntnules. 

:

2/a Hour Comporlt, ,g.ntpl. m?3n! a combinatbn of et La3t 6 3rmpls sliqugt ot rt l!a3t
100 

'nilliliteri, 
ccllccld tl Wti.dlt?inl"Nab dufing Ut! oplrating houB ot s hcill,l ov.lt t Z+

hout pariod,

8 Hour Compcal!. Srr.ptr mra.l! s combhatioi ot at teast 3 !.rnpb s'huot' ot st lcrst IOO
millilite't, c€lleder, d pan]Cic htsrv8ls during tho oprr.ting hours Of I frsilitt OyQr rn 0+out
petiod.

Flow Prcpgruonll Composltr Samplc meant a comblnalloit ot sanrpla alieuolt ot ?t lcttt
tO0 mllliliter cofiectcd ar periodlc lntrwatr rucrt that eithlrOr lirna irrt!/vtl balwrcn aadl
sl,quol gr th? volumo of escrl aliqud 13 proportion.l to cithCt thc rurlrn 0ow rl th. tima ol
tamplmg or thO loisl rirorm |i}^t sh3o lhg collctlion ot tho praylout oliquot.

(t) ouly lo comply, Thc pormtttcr rnutt compty wtth r! coilflllonr ot thtr prrntL Any
tattni nmfffplranio conrtfulct o vicblifi ot lho AEI snd ta gtounda ld a lotcal'|.il
lclion, pcrmit tcrmhation, ravog!$on .nd Jolt'ican4, mfificetloo, or tor drnlr! of r
Patmtl tchcwal epplrcalicn, Thc psrm.inca rh.l, comply rilh 6tfturrl sttratardr O,
prohibiricnt astrbkhod undcr srction 30t(rl ot th. clom lvst.r Aq tor lorlc
poftnantt wilhh lha tlnc provid0d h lhr rcgulationr thrl rilrblith [lcr. rbndrrdt ot
prohlbilionr, ovrn t lha p.rmit hr! nol ysl b!.n modificd lo hcorpcr.b thc
rrquiomlnl

(2) Outy lo nrpply, It |hr ponnittc! wltler to .rntjnur sn eg,ivty r?geratod by thlt pormtt
eltct thc cxpirs'lion dsto ot lhit pormn, thc pcrmittcr murt lpply ,or and oblrtn a naU
patm'l. 

f t lhr pcrmitcc rubmtt, a gtoqt tppf(ljtixr tt tcqgitt4 W W Agcney no Llct
lhan 180 dry, prior ro thc lrpiralion dst., thlr pormlt thrll coiths. h tu! torc..nd
oflcd unlil tho finot Agincy doctrion on thc applicaum htt Doln rn!d..

(3' llcrd ro hrlt or roduco rsuvlty not I drtrn!., ll rhril nol b. . drlcnra tof a
pc,rnilgr h an tntorgomtd nctim thal I teguld hwo baon nccarr]y to hrlt or rcducc
ltrc p.nmnod rdiv,ry n ardor lo rnehtah co.r,plian% with lho conditicnt of thlr plrmlt.

(1) DUV lo mlt grtr, Thc p.r,ntfo! t}|al lblc rfl rcotmsuc rlrpt to mhknlrr Or p.avrnt
00t drrdtery0 h victstt:,n ol hlr pcnru Mti'| hrt r r!sronrblo likrlhood of tdvr:rrlt
tltrding human hc8[h or utr cnvronmlnt.

(5) Prop.r op.nuon rnd mrlnt nrncc, Thc ponnifloo rhrl fl r! tirrr prop.rly opanta
and malnltin 0ll tacllilicr Arid ryrtamr o, U6runanl Ind conlrpl (|nd rahlad
eppuflonrnelr) whrci 610 tnrtoltcC or utcd bI thc pcrmltt., lO lciinva oo.npli|/rc,
wrlh co^dillonr ot Ulir pcrmil, Propcr opotrllon Ind mrlnttntnCo tnctudot cffoctlva
gedotnzrca, adaquttrtundi,t,odoquaitOparstoatUllngr dlra]!',rrg.anJrdrqurta
tzu)tttory and groact, @nwtt. vlclvTng apilopriala qvtl l attunnsa paocadurat.
Thlr provtrton rnqsifot tho opor![on ot bect.up, o, aurlllttl ltcllllior. of timlta,
ryillmr o,tlt whon nrcGrrry to rdllrya otrnpltanroa wili lhr Cmdtfhnr O, ht ltrfifl"

P.ftnh rcllon3. Thit patrnil fi||y bo modifi.d. ttvgtcd tflrt '|ltt!.d, 
or t.rminr

lor c.u$ by lhr Agcnsy Ffiu.nl lo ao cFR 122.61 Thr rr|h9 ot I rlquln !y
p| rdtaa l8 r Ptfintt tno6lkf.lcn, tlvocdjon aqat r.isa,|||ga. ot lcrmhtliolr, c
nolllEltal at Pl|'|rlld chllgor or anuq,ipard nofldflplirnq!, .iect nol .l.y r

P€rtni csrcitbfl,

PFp.tty dghE. Thb Pcrnit docs nol csnv?y .ny Fepcrtt righlr ot rny lon. Or :

stdJ3iva prMlcar.

Oult lo Provld. Inlsrmr0o|L Thr Fflnilaa rlitl tuml$ |! lhr Ag.nct wnhi
il|o.r|bL Err. r|y htsrntlim lrlrlch thc Agonc,y mry nqua5 l? detcnn(l| wlrtt
c.ura l'ltlt fot modifyiT, rlr'okhg .nd 

'tl!|Uhg. 
or t"nni,l'lFg thir prfini. o

delerfilr. E.r|pIrncs win $r Psilt Thr garrnnc. rhrl rbo tsmbh lo thc Agcr
upoo toqua3l, copirr ot f?cordr roquirrd tO b. tcpt by ttth pcrmil.

lnrp.cilon rnd oflEy. Thc pcnhittc! tht$ etlow an ruf'orted raprerenlstivc ot
Agenct upoar hr Fcseolstjm o{ or{g'ttiab |rxf clt|{ d6Jm€ntr tr riry bc ,Gqul
by lefl, to:

(.) Enlet upon th? prminre'r p.cmie.r wherc . r.gulal.d trcl[ty or tctlvil:
baatod r c(sdudad, oa *tur ra€.d3 lnuSt be tcpt undrr thq condlions ol
Pcrmlt:

(b, Hryc eecolr to arld copy. rl rrtronabtc tirnrr- 8ny l?cordr rnet m?rt uc I
unitar lne condltiorrr ot thtr p.rmrt:

(c, Inspicl rl tcaronrbb lLrls .nt faciliti.r, Gqutpmsnl (lnetsding mrnftoring r

conltol cquipment), pilElic*, or opcrations rcgutstcd or rcqulrcd undcr
pln|l$ rnd

(d) Srmpls or menitof st rerignablr tbn?3, fgf thc purpcse ot essuring pel
gndiarr. s 8r ofiwisr adhodred by t l? A(d 6ny rubstrrlcar or par.mc,
d rny localion,

ilonllorlng rnd 
''eordt,

(E, Srmblci ind morwrmchis tarch t&.orc purporr ot monltoring shatl

.,..'cry.*.:1!1try?,olh? Tqn'i9:i9,?5y..i.tr-' i.. ., ...:..:

(b) Th_? Ffnitt?1shel-ritiin-rliic'r''oa.oil';-;;toili'inrormrrion. includin,
callD.lliql art(l mthtmanca arcorUt. end s! onghDl sHp chart rcgording3
eoothulxrr mdlno.hg frrtnrrnenteuon. cbplbt &l r! r!;cu rcqubcrt bi

. parru. rirl rlcofilt ct r! drtr us,od to conpbto O|. rpplicsllon to. thir prrmit,
. pc(bd of rt trsrt 3 yr.rs.troil rh! dar' of thti pc;;[, morruremcni rcpor

. .4r*h: Thb F.bq T'rt t i':t3ndcd by rcquost or ih! Agcnsy tr .ny u

(c) Rccoftfr ot monitoring hfonnstion shril hctrJdo:

(l) Thr dato, cxid placc, rnd tlma of samplhc or mo$unmlntti

(2) Thr hdividual(s) who ptrtormld tho 38mplhg rf messurGrmnti:

(31 Th! dsto(s) rnslyrls werB partomrd:

(.lI Thc hdivirtual(r) wt|o pcrformrd tho 3nph/ror;

. (5) Thc sntlytical terrrnlqucr or mcthodt urcd: and

, 
(8) Th! rcrultr ot suc.lt rnrlyslt.

(d) t$onltodng murt b! conduct.d sccordhg to lert preccdurB3.ppnovad undg,
CFR Psrl l39, untors olhrr tost orocrdlrrs hrvb born rpactiiio in tntt pon
W'l?r. no lorl procadura undrr 40 CFR prrt t3g hr; boan rpprovco.
parrtico ,rrrd rubrntt to th! Aglncy r tcst mrthoC foa rpprovrl. llio parmit
thall -csllbratt rncl pcdorm mrintsnanca procadunt on rll monitorlng I
anrly4lcalhrlrumrntrtion at Inlsrvrl! to rnrln rca;nsy ol m!irurcmontr.

Sfgni. rry r|qulrrminL Alt sppllgrilont. aapc'L oa htgnndion 3ubmhtcd to:
Agrncy tnell bo algnBd aild c.flltiod

(t) Apptlcrtlon. Alt pormli apptic$lon3 rh![ br rtgncd.! toflows:

(1, Fof I corporrlloni by. prhcjprt d.orthr om*r ot rl tcrlt thr tcvcr
vica pi.rld.nl'B I p.non or porltbn hrhg ovr'rll r0rponrlbllity
anyloatmanhl mrltert tor thr cotpoatlbni

12, 7oa a prnn?rohlp o? rola proprlatorshtpi by I ganerrt pannlr o, I
propriltor, rrtpasliyriy; ot

(3, f or r munlclprllty, Shtt, F.dOhl, or oth.r publlc rgrncy: by cilho
pffictpd rr.6llv. Dttic.r o. r.nklng rtod.d omdrl.

(b) R.porrr, At! ropixlj r*u'r.o !, parmllr, or othff htormrilon r.qucilGd by I
Ag_rncy.llril b. rtgnrd by I p.rrm d?rnibnl h prregrrpn 1ri or uy r'o
.uoortr.d fipr.l.nt.llv. ot thrt panon, A priron-tr'r luty outtrorir
aaPnr.ntttlvf only ll:

(l) Thr rr0|c'urt on b mrdf h wrtrhg by I pcflon dircrlbld h prrrgnph (
ll r-'

(tl Thc .riflfiUr{oo tpaclfLr .[hff.n hdlvlduri oi r porilton ,lapon3tbto
or or.'d op.n,ion of ha Ldtjtt, friln rilatl thr din rrr0e orlgh!1ot, rv

.. .r a pDnl n||nrgcr, rup.rhhndont o? panon ol oqutv,tanl ,orponllbil,
and

(3) Tha wilcn authodfalion ,| tubmtttcd to thc Agoncy.

(6)

(r)

(el

( t0)

(l t)
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(r5)(r2)

(c) Chrng.| ot Aulhorluuon" ll rn euthorizrtm uodar (b) lr no lrng.r sccriiata
b.c|u3a . dittrrlrn hdiviCud of posfti'n hsi raiDontibl|ny lil th. ovar.l
oPardion ot lhr frdiily. r nH ruthorilrl,bn trtistyit tha r.quAcrnrrfi ot (b)
mJrt bc ljbrnll.d to !1! Agc.r.y p.ioa to s logcitrc wih ]rt 

'tpo€. 
htoanatioo.

o. rp?lcrtiof,r lo bc rigncd by sn rulho{tod rrprct.ntsliya.

Roporttng 
'rqulrrm!nt|,

(tl Plrnnad chrng0t, Th! pcfr,ittle tba! givr nolics tg thc AgEnsy .s tgqr ri
poriDlt c{ rny pbilEd physicd rncrrtiont or .rlditbnt to lh3 prrmifrd hciiiy.

Anuslprt.C nonsoilpllrnc.. Thr pcrmitte! 3hd glv, rdyrnce notica lo lh!
AglDey o{ .ny pLnnd drangt3 h lh. pcrmittid l.dltt or .cliviry *hkn mry
rerul in noncon'rplirnca vrith pcrmit raquk?rn ntt.

Cotoplhncr rch.dubt, Rsp}1r o, complianca oa noncdyrptiancc with, or any
p(ogrtlt trpoalr oa, hlrrin rnd tiill roquiramcnlr @nlrirud h rny compliaoca
rcrrcdulc ol thi3 p.mit 3hrll b" rubmillrd no lalcllhen ta dryi tollsring crdr
,ctlcdul? drla.

!,tonltttlng r.pori., Monitoring rc3uh3 3ho! bo repodrd al tha intrl..str
spccilied cliewhcrc h lh'lr pannit.

(t) Monhorhg resulr fnurl ba rlponed on I Dbdrr.lc Monnorb0 Rcpott
(oMR).

(2) ltlho Ftrttle. nenltors my pollutmt rnoG tr.qulntty ihsn fequircd by lhr
pt'mit, uting tcrt procldurer rpp.ovrd undcr 40 CFR .l36 or aj rplclird
h lhr p.ma, |hc rarun! cd lhb monituhg rhd b! hcld.d h thc calqrLllJo
end rcponhg ot th! d.rr rubmiltcd h thr oMR.

(3) C.lcuhtbnr tor r! lrnitdbns w'rhfi r!qu&. svonghg ot ?nerrun!,Frnti
rhal utifar 91 a#fi:tJc maa'| gDl.rs cthsvri3! rpritiad by the Agrnsy !'
thc pcrmll .. ;

(c) Tw.nty.tour hour rrpo'llng, Th. perinitler rhrl report rny noncomplirn-Jr
$tici rruy cndangrt hoatlh ot tha cnvironman! Any hformibn shall bt
p.gvidcd 6afr/ wihh ?4 hdsr frE n tha tim tln F mitca b€corn.r aw.ro ot tht
dcunnrlnc€t, A tritlcn rubmb3ion rhdl rl|'o bo providcd within 5 dlys otlha
tim thr pa'mhlcc bacdrE lri'r il lha ciE rEtracrt. Th6 Kdlcn submlttloo
thall conttb r dlrcriptbo o{.ih., nmcdntlj.nca |'E itr cau&; the p.rird d
orEmpli&1ca, hCrding cI| l drtr| sld tirm: r,1d tlh. noncomplrnc! h$ nol
br'n con!6Gd. Urr anliclpillcd tinra l.B arprCod to crnlhurl rDd rtopr tlkrn
o plrrvFd 10 rctuc., oliT|l1|L, and Fovont Ggccilmne. gt thr noncomplirnca.
Tha rolorhg |hrl b. lrclud.at rr lnformllion *ildt rnutt bc repgrlrd wlth.h 2{
hgrnl:

(l) Any unrntlciprllrt brp$t whlch crccrdr sny amucnl lirnltsttm n thc
PCfmll:

(21 Viotrllrn ot r marhriim ortty ot*oeryo tinnion tor rny ot tho poflutlntr
lFlcal Dy lha Agrney h lho parmit to ba ,!poth.t wilhh 2l hotrra.

Tht Agenry mry s/aiva lhc wilncn ,Gp'.1 on a carlby.clr. basb t lhr o'rl
t?pul h!t bcen ,!celv!d $'lltln 2,1 horr.

(l) Ottrrl noncomplhDs., 7}o pcrmncc rha! rcpon ail hrtrnclr ot
noncompfianc. nol r.porlcd unaat pil.?rapj$ (t?xcl, (dl, or (c), rt the timo

. monitc.ing roportr arr rubmitlrd. Thr rrpd:! 3hall contdn lhs inlomation listnd
h p.r.gr8Pfi (l:x!).

(gl Othrr IntonnrUon. Vr,?rc'r tha 
-pannhtcr 

brcomat rsrro thrt i hllcd to asbmlt
t'ry llhvrfn trclt in ! prrmt spplicalion. ot Eubmilltd incotrcct Inlarmrtion in I
plrmi rpplcatioo, Of ln .ny rspon lo lht Agcncr. I Ehall promptly rubmi ruci
|lct ot rlfom8lion.

lanst.? ot pamltt. A plrmn rn.y Dr eutomslicrlly lranstrr.d lo e nrw prrmlttcr
t:

(r) Th. csnont prfmltlor nolmat lh. Agcnsy sr lorrt 30 oryr ln sdvrnc. of thr
proporcd lrsnrf.r dtlo:

(D) thc notla. hcf.rdcr . wlttcn etrt rirnl borwoofl lho ?rbthg rffl rla, pamitr'i
oontrhhg a tpoc-lfc dst. tor lrandar of ponnll rasponslbllily, covaraga rnd
litDlldy batrraon thr orronl and n', pormiil!rr; rnd

(c) Ifro Agoncy docr nol notity tho cxirtng porminac rno tho groporac nos
Pcrmnct ot lt! htoril !o modrty ot rcvokc .nd raltqra lio Ptfinil, ll lhlt nollo! lr
not toccivcd, Oe trrnrlof lt cttoclivo on Oc drla rpccifird ln thr tgr0rm.nt.

All mrnut!durlng. commcrclrl, mlnhg, rnd tllviq/ltur.l dlrcirrgrn mutt nollly lhr
Agcncy ar roon |r h3y knot/ or hSyc ro|'on to bclicvr:

(s) llEt Jry .C[ny htr occunld a rif, ocarr ]trhtr wguld rcrult h lh! dircilor ot
rny torlr polrut.nt ld.ntiticd undat 8.dloo lot ot hr Cl!.n Wrlar Acl wttlci It
nol |g'|li.d h tho pcrmlt, , hst dlrCtrrg. wlll rrc.rd h. hlgharl ot lh. tollowhg
nollficrlion lcvclr:

('l ) on. huodrld rnicrot'trnr gar Inar (l0o ugn);

(21 Two hundr.d .nlcognrnr pi lin'/, 1201) ul['t lof .crohh .nd acrl/lonltrlh;
fnf huor,r.rt mlc'oeranrr par li.r (50O ueA'l lo, 2,{"{l',tft?h.nol .nd tor 2.
m.thy,..,6 dht oph.nol; .nd ?m milugnm prr llr (l mg4) tor rnllrnony.

(3) Flvr (3) l|'nrr thr mrilmum conont[tion v!lu! tcporlort tfi thrt polld.rrl
h th. HPOEB pormlt rpplic.lloo: o,

(4) Th6 lev6l csrrbtisi.d by thc Agcncy itr thb p.rmn.. 
. . 

I
(b) Thrt |hry h.lr b.gim o. erp.'ct lo begh lo ur. or m&drctlrr E T ht$m?d'a

or finat Pfortuct ar byprDdud Iny toxG potlulrnt $llctt srr nst'rponcd I
NPDES pcfmit oppli€tlJf|. 

I
Alt Publid, Ownld Tre.uncni Worts (POTVJB) must providc rdcqu.le noticc to t
A9lncy ot lhc lo[owhg:

(e) tury nGr hlrodurilon ot pohrr.nr3 inio th.t POTW from rn ndirGc dirdl
wirhh Hculd br rublcc lo scclionr 301 ot 306 ol l''a clcsn wrls, Ad I h!
diac{ty dBc,|rohg lhosr pclutrntsl en6

(bl Any .ubrt8iriid chrl0o h thc vDumc or c,nrllacr of poh/rnr bahg ht$qll
hto lhrt POTW by . loorcr htroducing polhnrnh hto th! POTW TI |hc ll
lrsuJtc. of lh. p.rr3il 

I
(c, Fr purposcr ot lhlr psr'?r.ph, .deeu.b notha sh.l hctrdi htomrtbn on

lh! qualitt snd qu$trty ol rt!'^rsnt htroducrd hto tF,. POTW, .'|d (D r
rnlklpatod lrnpsa of thr chtngo on lhr gu.ntity o. qu.tny of tftrcnr I
dbd[rocd trsn th! POWY, 

I
It lhr Panfrl lr isrued lo I publicl, olnr.d or publicly .roublcd ucrunlnl worlr, t
parmitl?rr rhil raquira rny hdurulrl utrt ot Such trc|tmrnt wortr to compty n
fgdcral nrqultrrn?ntr conc?mhg:

(r) Urar drargcs prulrlrt lo Secilon 20il(b) of tho Ctotn Wrtrr As{.
rcJutition! lpp.utng h.lOCFR 35: 

snd 
'Pelt

(b) Toxb Foerl.nl cmosrl trndrrt'| md prltrllrrnsrn stsrdrrdr Fr'ru|nl to Slll
107 otlh. Clril Wbl.rAct |,|C 

I
{c) hi?a.rbn. rrcnndhg and Gntrt purrumt to S.tlon 30! ot lhr Ctrln WstI
ll rn rpp6..U. ttmdsd or limhrtion lr p{o$utgatld undcr Soqion 301(bX2XC) E

(O), 304(b)(2). or 307{a)(2) rnd that cttt cnr siindsrd o. limtrrtion ls mon tlrl
lhan .ny cmucnt tfnirllon h thc pcrmtt. or contrclr r pgthJ.tant not lirnhod Ip.m{ th. plrmit.rh8l b! promptty modificd or revoxod, Bnd tcirrl3d lo cDnll
u.l.Gmu.nl tEnd.rd or.untaaPn.

Ar'y ruthortrrllon to oooslrucl lsrurd to lho pGnrtttcc pursrlsnl to !5 Il" Adm.l
300,15. ls harcDy h.rfpoertcd by rsfcranc. tr . conditkrn d thtr FrrnlL 

I
Tha pcrmitta! rh|| mt rilk! Bny l.trr strt.rnont, |:prarantrlon * crrlificsiign ill
ap-pjic.stion, rscord, taport. pta,| or othaa .tocljmcnl Bubmlttod lo tha Agsnsy or I
USEPA, or r.qubcd to b. mrhtrhod und.r thlt prrma

Th. Clcrn Walrr Acl providct thll rny p.r3on w'lo vlolrtrt . t-, conl
lmplomonrlng soclionr 30t. 302. 300, 30?, 308, 31!, or aos of thr ctcrn wrrl
lr fubJcd to ! ch,ll pcRrlly nol to arct!d 310,000 p.r dgy of ruch violrtiqr. I
prnon r.,iro wiillully or nlgtigrnuy violrGr p.rmlr condruoni tnptcrn nling scctE
301, 302, 306, 307, a 30t of th! Ctcrn Wrtlr Ad lr rubjreilo . finr rt noi |rtt||
32,500 nor rnon' thrn 325.000 por d.y ot vloljion, or bt tnfflronm.nt lor nd, IthaaclayE.? orboti" I

(zil Tha Clctn Wrtrr Ad providcr tha any psnon rfio hlrtlar, ttmprn wilh,
Inow,lngly randrrr Inrca,rrto tny mondothC dcvr, or mrlhod ,arluifrd ta-
rmirtdnrd uodc pcnrlt Dt[!, upoo convicJon bc punl$]ed !y a fno of n6t morcl

ilo;ffi 
* e"* d bt tnp.ltoontrtil lor not rioro trrn o'nonthr por viohtt

(22t Th. Cbrn Wrtor ecf providcr thrl rny plnon wio tnoringtt mrklt rny frl
t.i?rranl trpfctrntatbn, or canifi-artion h rny record or othlt docr.{Dcnt rubil
or r6quir.d to t'. mrht hed undrr thtr plmh rhs[, hckrdh, monltorhg npol
r.ryrt u( comptrnr 6no.>compli8rlc. it||4 upcn convaton]Or punlrt io oy I
ol nci rrlo.t l'|lrl 310.000 p€r vici-don, of by tip.ltonrncnt t(' not mor! thrn 6 hoii
plr ylolitbn. s by bolh.

,:!) Colcctle rcrlllrhg, rluricr, rtudgn!, rnrt ourrr solidr rilrll ba dtrposld ol hl
arrylno. rt l0 prov.nt cntry of tho|' wrrtot (ot runoil trom tho vmttrr) lnto *l
ot thc Sl.lr, Th! ptopar ruhort.llon lor such dlrDor.l,hr! DJ sOtrlritO trorF?
Agrnct and lr hcolPon|ad rt prn hgrot by rifEronc..

(24) In crir ot connld bit*lrn lh!r. rtrnd]d condlllonr rnd rny otnrr condlil
hcUdrd h thtr pcrmti. thc othrr condliion(r) rhrl gov.m, ' 

I(25) Thc.prmlttco rh.tr compty wlh, h rddllon lO ttra nqutnmrntr ot thr prm[,
.ppllc.blr provirlonr ot 33 l[, Adm. Codr, Subttttl C, Ssbtfit D, gubtiu. E, rni
.ppllc.blr ordcrr of th. Eolr{. 

I
(?31 Thc Aoelthnt ol thlt parmlt rr. rcvcilbla. rnd ll .ny orovlrlm ot thlr olrmn. tr

rppliallon ot rny proytrton ojthlr p.nnl 13 hrld nvitiC, nr romohlre plovhffi
thlr pormlt theltoDnltnuc in fulilorca cnd rttlc.

(b)

(c)

(r6)

(r7,

($)

(re)

(20)

( 13)

lnf% l.lt.ttl I
I
I
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Phone (M7) 433-2443
Fax (847) 433-2431
Il-ma i I buchan aw@aol. cnm

Mr. Gordon M. Stevens, P.G.
Department Head, Geosciences
Versar, Inc.
Green Brook Executive Center
200 West 22nd Street, Suite 250
Lombard, IL 60148

Re: Vegetation Assessment Report
22 luly 1999

Shoreline and BluffAreas Adjoining Dixon-Marcluelte Cement Kiln Dust Landfill
Dixon, I[,

Dear Mr. Stevens:

Buchanan Consulting Inc. (BCI) is pleased to submit this report as a deliverable from its
services lo Yersar,Inc. to perform a vegetation assessment adjacent to the Dixon-
Marquette Cement Kiln Dust (CKD) landfill located near Dixon, Illinois (Figurc l) as an
indication if leachate from the CKD landlilloperation is having an impact on the local
terrestrial or shoreline ecosystem. 'l'he scope of work was completed in accordanr;e ivith
Schedule A of Versar's purchase orrJer 1107045 (corrcsponding to BCI'o ;.roDosal d.rt\..d
25 June 1999).

Understanding of the Project
IlCl's understanding of tlris project is that the CKD landfill at thc Dixon-Marquertc
(lement Conrpany facility is undcrgoing regulatory scrutiny. It has been dcemcd pru4ent
and proactivc to pcrform a vegetation assessment in the arcas down-gradient froln tle
CKD f andfill to see if groundwater lcachate anrJlor nrnoff from !hc CKD landfill is
adverscly irnpacting the bluffand shorcline cnvironmcnt adjaccnt to thc Rock ltivcr.
Asscssing thc vegctation adjacent to and down-gratlicnt from tlre (lKl) tandfilt opcration is
bcing uscd as an cnvlronntcntal indicator becausc vcgetation is a pronrilrcnt cornponcnl of
the base crf thc ecologicaffood chain, is depcndent on and rcflcctivc ol'lhe inrmcdiatc
physical environmcnl, ant'|, tltcrcfore, rvillexlribit observablc pattcrn$ in composition and
form if influcnccd by conlamination. 'l'hc use of vcgetation to iltdicatc cnvironnrental
contamination is a commonly used standard practice lbr property asses'itnents (ASTM
Standartf F.!527-94, "Standard I'racticc for Environmcntal Site Asscssnrcnls: f)hase I '
l]ttvirolttncntal .Site Asscssntcnt Proccss"), 'l'lris asse.ssrncnt is voluntary and not
regulatory drivcn.

l'agc I
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Mr Cordon M. Stel'ens, p.G. : Vcrsar, Inc.
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BCI understands that its services and work product are confidential and are the properry
.rf Versar, Inc. for use by its client.

Scope and Approach
BCI perfonned the following rasks to complete this assessnrent:

collect llackground lnformation - To ellsure that the scope and approach was
appropriate and accurate, BCI visited the site 23 June 1999 with Versar, lnc., nret witlr
the client, and performed a prelinrinary rvalkctown to idenrify appropriate locations for a
represcntative vegetation assessment.

llCI teviewed literature r,n similar assessmenls of vegetarion in rive r-side areas in Central
lllinois and texts on regilnal flora to develop a context for whar represents "nonnal"
floristic compositiun. ItCl also collected inhrmation on the physical setting, soi! types,
disturbancc history, etc. to ensure that comparisons between ihr observations nrade in the
"potential impact zone" and the "conlrol zone" are valid.

Pcrforn Site fnvestigation - BCI visitcd the sirc 6 July 1999 and established four
transects (i.e., linear observation roules through the representative vcgetation
communitics), two transccts in each of two types of vegetation communiries (Figure 2).
Within tlte area northwest of the CKD landfill, bcrwecn the CKD landfill and rhJRock
fliver, are lwo primary vegelation types: the woodecl bluffvcgcration community and rhe
rivcr shorcline community. BCI establishcd a tr&nsect !n eacli of these two vegetation
typcs within thc potcntial impact z.one adjacent to the CKD landfilt and conrp.ried the
obscrvatiotts to thosc taken from two sirnilar transects in thc control zone locafed 

'orth(up-gradient) outside rhe area of potcntial influence of thc cKD ta;,dir,t

Per discussions with Yersar (Mr. Cordon Stcvcns, personalcommunication, 23 June
1999), it is undcrstood that groundwater lravcls torvard thc rivcr through highly fiactured
dolornitc/lirncttofle, wltich forms thc bluffs. 'l'he groundwater erncrgcs nt soinc points as
activc spriltgs arrd also sccps into thc rivcr along thc shorctinc. A pJrmittcd ,urftur" water
dischargc also drains the landfill, travcr$cs tlre blulT, ancl enters the, rivcr as a point
dischargc lt'contamination is prcacnt in this groundrvatcr and .surfacc water at levels that
could ilttPact vcgctatiotl, thcse ilttpacts rvoukJ nranifcst thcnrsclvcs in thc forrn of upusual
vegclat;ol) sllccics conrp<lsiliorr, <lr visiblc stress such as tliscotoration or odd growth
I'rrrnts.

l|(ll obscrvcd thc vcgctation along thc dcsignatcd transccts ancl rccorclcd tlrc spccics
cornP0sitiolr of all existirrg strata (i.c., groundlayer', shnrb, undcrstory, and overstory),
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Mr- Gordon M. Sievcns, p.G. : Versar, Inc.
Vegclation Assessment, Dixon-fuIarquette Cemcnt, Di.ron, L
22 luly 1999

These strata are defined as follows:

Groundlayer = all herbaceous (non-woody) species ancl seedlings of woody shrubs and
trees growing on the ground;

shrub stratum = woody shrubs, vines, and tree seedlings or young saplings growing
above the groundlayer;

Understory = Woody species larger than | " diameter but smaller than 4,' diameter.

Overstory - Woody species larger than 4" diameter.

An indicator of abundance was recorded for each species in each stratum by ranking the
species as: I - abundant and widespread,2 - common; or 3 - infrequent or iocal.
Qualitative observations of the condition of the vegetation were alio recorded. Standard
quantitative sampling mettiodologies were not employed for this assessment because the
inherent variability of quantitative sampling methodotogies renders them statistically
invalid for comparing control and experimental vegetation transects in this manner.
Qualitative observations by a trained plant ecologist hate been adopted here as a more
reliable means of detecting any abnormalities that mig'ht be due to operations at the subject
facility.

The observations are summarized on data sheets for each stratum along each of the four
transects. In addition, observalions of wildlife or other evidence indicative of the health of
the ecosystcm were noted.

Results l
Setting - The assessment areas are located on the eastern shoreline ancl bluffs of the Rock
Itivcr, just north of Dixon, Lec county, fllinois. This area forms the bordcr of two
principal geographical biotic divisions in lllinois: the Grancl Prairie Division ancl Wcstern
Divisiorr (Jones 1963) 'l"he specific sampling transects are strongly influcnced by very
site-specific physical conditions that creatc a combination of soils, moisture regime ancl
microclimate. In addition, thc land traverscd by the samplirrg transccts has a hlstory of
htrman disttrrbance that also is manifested in tlre composition and rJistribution of thc
vcgetati0n.

'l'he two shorclinc transccls (Figures 3 an<l4) wcre locatid betwccn thc Rock lliver
watcrw.ry and tlte rivcr frontagc road (Wfrite Oak l(oad fornrcrly Crantl Detour ltoad)
afong a narrovt strip of river bank. The soils are a cornbination of alluviat 4eposirs an6
crodcd silt-loams at the foot of'thc river bank grading into fractured limcstone/rlolonrirc
and scree (loose rock pieces) overlain by a thin silt loam soil at the crcsr of the I'iver bank.
Slopes range from l5o/oin isolatcd arcas where surface watcr outfalls fi'om thc blufl's have

Itagc 3
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Mr. Gordon M. StevelB, p.G. : Versar, Inc.
Vegctation Asscssment, Di.'ron-Marquettc Ccment. Dixon, iL
22 luly 1999

deposited an alluvial delta to 80Yo in the most severelt/ eroded river cuts. Generally, the
banks slope 30Yo to 50ok. Most of the length of the u.pper river bank in this area is
occasionally mowed and maintained as roadside. ThiJ iesutts in a conrironent of the
vegetation being reflective of early-successional disturbed.sites ctose to the roadside. The
lower river bank is occasionally subject to flooding and erosion/deposition. This influence
is also reflected in certain components of the vegeiation. A few scattered trees provide
some shaded areas, especially along the up-gradient control transect, but most of the
shoreline is in full sun and lvest-facing. At regular intervals are seeps and surface
discharges fror,n the fractured liniestonddotomite bluffs above and east of the river. 'l'he
moisture regime, due to contributions from both the river and the seeps and springs, is wet
to mesic.

The two wooded blufftransects (Figurcs 5 and 6) were located east of the river frontage
road and beneath the crest of the bluff The soils hcre are quite thin in most places,
overlying fractured limestone/dolornite and scree near or aithe surface in maly places.
Soil developntent is most advanced in ievel areas or depressed pockets within itrl btuffr,
but generally the prevalent landform is stecp screc slopes ,30o/o to 90Yo, andoccasional
bare linrestone/dolomite escarpment. The predominance of lirnestone/dolomite c'ntributes
to a highly calcareous (calcium-rich) soil chemistry. The moisture regime varies from
so-ntewhat dry, as might be expected on a west-facing scree slope, to mesic in the vicinity
ofsprings and seeps.

vcgetation survey llesults - The results of the qualitative surveys of each ,/egctation
transect are presented in I'ables I through 4 and can be summarized as follcws:

KD Lnndfill

I
!
I
I
I
I

Tablc I shows the results fol this transect, T'he most prominent species in the ground
layer are a mix of typicalcentral lllinois floodplain species (orange jewelwce d ind Virginia
crecper) and weedy invasive and non-native spccics rcflentive ofphysical <Jisturbances
(reetJ canarygrass and black mustard). A total of 30 grouncllayer species wc,.e obscrved,
indicating a reasonably diverse vegetation matrix. In the shrub stratum, the c'orrrinant
spccies (indigo bush, Virginia creepcr, and riverbank grape) are all typical native llinois
floodplain and riparian residents. A total of l6 specics of shrubs andir.. s,;erllings were
observed, almost all of which wcre typical nativc spccies for this situation. Only i few
large scattered trees occur alortg the shorelinc, consisting of rrrhite ash ancl cottonwood.
Again, thesc arc typical of this typc of vegctation comnrunity. pcr Swink anrl Wilhclm
(1979) Plutt's t{ the Chictrgo llcgiorr, the as_sociation of spccics found hcre are gcnerally
rcflcctive of other similar plaltt associations found elscwhcrc in north-central anif rrortheast
lllinois.
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All of the vegetation strata were vigorous, rrealthy, and showed no signs of stress, sych as
discoloration, inalformation, or necrosis.

This transect was selected as a background or controlarea outside of the inlluence of the
CKD landfill area. Table 2 presents the observations from this transect. To make the
comparison of the vegetation of this transect with that of the down-grartient transect, it is
important to note that there were a few signif,rcant physical differences between transects.
First, the up-gradient transect is shorter in length, due to the fact that its northern end
abuts cropland and a camping/recreational area so that sampling beyond that point was
untenable. Second, portions ofthe up-gradient rransect are shaded-by trees more than the
down-gradient transect, and the ground layer composition is influenced somewhat by this
shade.

Even so, the composition of the up-gradient transect is quite similar to thc clown-gradient
transect. The two dominant species in the groundtayer are orange jewelweed and-reed
canarygrass, similar to the down-gradient composition. Species diversity was almost
identical, with29 groundlayer species recorded, of which 24 werealso rlcordecl in the
down-gradient transect. Of the five species that were found in the up-gradient transect
not found in the down-gradient, four are shade-ioving. The shrub stiaium also matches
quite closely between the up-gradient transect and down-gradient transect. Both transects
include Virginia creeper and riverbarrk grape as dominanti. fne notable dift-erence
between the two transects 

!n shrub composition is that indigo bush is prominent in the
down-gradient transect and lacking in the up-gradient. Indigo bush is not particularly
shade tolerant, which might explain its absence in the up-gradient transect. This does not
indicate that the down-gradient transect is relatively impacted or degraded; in fact, to the
contrary, indigo bush is a fairly conservative species (Quality Rating of 6 by Swinl an4
Wif helm 1979) which means that it is fairly intolerant of disturbance. In u similar vein, the
existence in both transects of glade rnallow, avery high quality species intolerant of
disturbance, underscores this point.

Again, the vegetation in the up-graclient transect was healthy, vigorous, and showe<l no
signs of'adverse environmental impacts.

t #3 Bluff W CKD
LnndfillArca

The obscrvations of species in the various strata in this survey transect are presented in
Table 3 1'he groundlayer was quite diverse, with white snakeroot, Virginia creeper, and
poison ivy the most prevalcnt species. A total of 32 species were obseived in the
grottndlaycr, indicating a fhir'ly high diversity, Almost all of these species arc native ancl
typical of a calcareous river bluff woodland. 'I'he shrub stratum was also fairty diver.se,
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wir;h honeysuckle and choke cherry dominant, and a total of l2 species of ti'ee
reproduction and shrubs observed. The understory was composed of l0 species of tree
saplings and understory trees, of which hackberry was n)ost widespread. The overstory
was dominated by boxelder and contained a total of l4 tree species; ltowever, both the
understory and overstory had afairly even rnix of tree species, indicating good balance and

healthy reproduction. Nearly all of the species, with the exception of white mulberry
which is a non-native adventive species, are typical native residents of river-side slopes in

this part of lllinois. All strata appeared healthy and vigorous.

'fran-sect fl4 BluffWoods Transect Uo-sradient from CKD Landtill Area

Table 4 presents the observations of species in this transect. Again, for comparative
purposes, this transect was not quite as long as Transect #3 adjoining the CKD landfill
area due to changes in topography that lirnited the survey length. However, the results
indicate the composition and structure of the two transects are similar and, therefore,
underscore the validity of the conrparisons. In fact, all of the 25 species observed in the
groundlayer of the up-gradient transect, also appear in the adjoining transect, The shrub
stratum was dominated by honeysuckle, as was the adjoining transect, and in general, all
strata were similarly composed. The slightly lower diversity in the up-gradient transect
probably sirnply reflects the smaller sampling area due to the aforemcntioned topographic
limitations on the transect placement. All strata appeared healthy and vigorous.

Discussion and Conclusions - In general, the vegetation both within and outside of the
potential zone of influence of the CKD landtill operation appear quite similar and in
exccllent condition. No evidence of impacts from thc CKD landfill operation was

observed, and no discernible differences in composition, form, or health were observed

betwcen the up-gradient transects and those adjoining or down-gradient tiom the CKD
landfill.

'['he shoreline transects both contain a mix of plant species reflective oflsome amount of
physical disturbance, which is to be cxpccted in this setting with the periodic flooding and
road construction/maintenance, The wooded blufftransects reflect a fairly high quality
rivcr-sidc rvoocls in all strata, All transects support a species composition and structure
that are quite typical of this location and physical setting. When cornparing the results of
the survey to other similar reports fronr thc lllinois llivcr vallcy (Buchanan 1975), the {

Sanganron ltiver basin (Jones and llell 1974), and thc typical associations rcported by
Swink and Wilhclm (1979) fur thc north-ccntral and nortltcast Illinois region, this
corrclusiorr is strongly supportcd.

't'hc diflbrenccs that cxist between the up-gradicnt sampling transects and the adjoining or
down-gradient transects arc casily attributable to rnicroclimate, topograplry and natural

diversity. Many ol'thc spccies found in both transccts, bul most notably in tlrc tran$ccts
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Mr. Cordon M. Stevens, P.G. : Versar, Inc.
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22 luly 1999

adjoining or down-gradient from the landfill operation, aie conservative species intolerant
to disturbance. The bluffwoods in particular are fairly high quality in terms of vegetation.
While a few invasive species such as common buckthorn and white mulberry occur, they
are not dontinant as in other degracled woodlands throughout the region. Relatively lew
exotic non-native species vrere observed in any transect. Numerous species observed in
both the shoreline and bluffwoods survey transects are assigned quality ratings by Swink
and Wilhelm of 5 or higtrer (on a scale ofO - l0). Ifthese shoreline and woodland
communities were being significantly and adversely impacted by the landfill operations,
such conservntive species would probably not occur.

Corollary observations were made of wildlife usage as an indication of ecosystem health.
While certainly not exhaustive or completg the presence of such higher level consumers as
hawks and turtles, the abundance of frogs, fish hatchlings in the outfall points of the
springs from the bluffs, and nesting birds are suggestive of a healthy functioning
ecosystem. f

Thank you very much for the opportunity to serve you. Please contact BCI with any
questions or comments.

Resnectfu llv subrnitted.
.'/' /t'-€ /,/ / 1lLy/atut-) (wc/,aza4

lVanen J.Buchfr{an
President
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Figure 3. Shorcline Vcgetation Transect #l
Adjacent to and Down-Gradient from CKD Lnnrlfill
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Figure 4. Shoreline Vegetltion Trnnsect #2
Up-Gradicnt fronr CKD Landfill
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Figure 5. BluffWoods Vegetqtion Transeet #3
Adjacent to and Down-Grndient from CKD Landlill
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Figure 6. BluffWoods Vegetation Trans ect tt4
Up-Gradient from CKD Landfill
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ll Di xon-Marquettc Cement V€g€tat ion Assessmenl Report

Table l. List of Species and Abundance Index for Transect #l
Shoreline Tr*nsect Adjacent to Landfill Area

('Note: l-abundent, rvidespread; 2=common; 3=infrequent, local)

22 July 1999
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Groundlayer

Scientific Neme
Brassica nigra
fmpatiens capencis
Parthenoci ssu s quinquefolia
Phalaris arundinacea
Bromus inermis
Convolvulus sepium
Eri gcron philadelphicu s

tleliopsis helianthoides
Napaea dioica
Nepeta cataria
Oenothera biennis
Rhrrs radicans
Rudbcckia laeiniata
Silphium perfoliaturir
Urtica gracilis
1t,''t riparia
A,..tyf nu irr cannabi num
Asclcpias incarnata
Asclcpias syriaca
Aster sp

Cicuta nraculata
Eullator-ium rugosum
Hcraclcum maximunt
lpomoea purpurea
Menispcrmum canadensc
Polygonatunr biflorum
Smilax tarnnoidcs hispida
Soiidago altissinra
'l'eucrruln canadcnsc
'l'halict runr polygnmurn

Slrrub 5lrntrrrn

Common Name
Black mustard
Orange jewelweed

Virgin:a creeper
Reed canarygrass
Smooth brome
t{edge bindweed
Marsh fleabane
False sunflower
Glade mallow
Catnip
Comnton evenrng prinrrosc
Poison ivy
Wild golden glow
Cup plant

Tall nettle
Itiverbalrk grape

Dogbane
Marsh milkwccd
Common rnilkweed
Astcr species
Water hcmlock
White silakeroot
Cow parsnip
Common morning glory
Moonseed
Solomon's scal

Bristly calbricr
'l"all goldenrod
0ernrarrdc; or wood sagc
Miiadow rue

{bundance'
I

l
I

l
2
)
7

2

2
2

2

2

2

2

2

2

3

3

3

3

3

3

J

l
3

l
l
l
3

3

Scie!ililig_Ns!ru Csqqgn Nggs
Amorpha lruticosa Indigo buslr

Parthenocissus quinqucfolia V rginia $eepcr

4ll"rrnt|U!.c.q
I

I
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I'able 1' (continued) List of Species end Abund*nce Index for Transect #l
Shoreline Transect Adjacent to Landfil! Area

('Note: l=abundant, widespread; 2=cornmon; 3=iufrequent, tocar)

Shrub Straium (continued)

Scientific Na!ne
Vitis riparia
Acer negundo
Acer saccharinum
Fraxinus americana
Rhus radicans
Celtis occidentalis
Cornus ragemosa
Lonicera prolifera
Morus alba
Rosa multiflora
Prunus virginiana
Sambucus canadensis
f ilia americana
Ulmus rubra

'I'ree Stratum (few scattered trces)

Scientific Narne
I;raxinus anrericana
Populus dcltoides

@ttace
. Riverbank grape
Boxelder
Silver maple
White ash

Poison ivy
Hackberry
Gray dogwood
I-loneysuckle
White mulberry
Multiflora rose
Choke cherry
Elderberry
Bassrvood
Slippery elm

Col$mon Narne
White ash

Cottonwood

Abun Jance'
I

2

2

2

2

3

3

3

3

3

3

3

3

3

Abundance
?

3
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Dixon-Marquettc Cement Vegetation Assessment Report

'fable 2. List of Species and Abundance Inder for Transect #2
Shoreline Transect Upgradient frorn Landfill Area

('friote: l=abundant, widespread; 2=common; 3=infrequent, tocal)

22 July 1999

Groundlayer

€

Scientific Name
iil-piii*rocuffiit
Phalaris arundinacea
Brassica nigra
Bromus inermis
Convolvulus sepium
Heliopsis helianthoides
Napaea dioica
Parthenocissus quinquefolia
Rhus radicans
Itudbeckia laciniata
Silphiunr perfoliatum
Teucrium canadense

Vitis riparia
Actinomeris alternilblia
Asclepias incarnata
Asclepias syriaca
Aster sp.

Elymus virginicus
lferacleum nraximum
Laportea canadensis
Menispermum canadensc

Oenothera biennis
Polygonatum biflonrnr
Sanguinaria canadensis

Silenc cucubalus
Smilax tarnnoides hispida

Solidago altissima
'l'halictrum polyganrum

Urtica gracilis

Shnrb Stratum

C-oryFo4 Name
Orange jewelweed
Reed carrarygrass
Black mustard
Smooth brome
Hedge bindweed 

.

False sunflower
Glade mallow
Viryinia creeper
Poison ivy
Wild golden glow
Cup plant
Germander ur wood sage
Riverbank grape
V/ingstem
Marsh milkweed
Common milkweed
Aster species

Virginia wildrye
Cow parsnip
Wood nettle
Moonseed
Common evening primrose
Solomon's seal

Bloodroot
Bladder campion
Ilristly catbrier
Tallgoldcnrod
Meadow rue
'[all nettle

Abundance'
I
I
z
2
2

2
2

2

2

2

2
,)

2
3

3

3

3

3

3,3
aJ

3

3

3

3

3

J

3

J

Alusdllsg
I

I

2

Scientific Nnmc Co-m.!n_qn Name
[)arthenocissus quinquefolia Virginia crceper
Vitis riparia Riverbank grape

Rhus radicans Poison ivy
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Table 2. (continued) List of Species and Abrrndance fndex for Transect #2
Shoreline Trinsect Upgradient from Lnndfill Area

('Note: l=abundant, widespreadl 2=common; 3=infrequent, local)

Sbrub Stratum (continued)

SelsaliIs-Nsuns
Ccltis occidentalis
Corr'.;s rac€mosa
Lonir:era prolifera
lforus alba
Rosa multiflora
Sambucus canadensis
Staphylea trifolia
Tilia arnericana
Ulmus rubra
Viburnum opulus

Trce Stralum (few scattcred trees)

!eea!i[s-Na!qs
Acer negundo
Acer saccharinum
Fraxinus americana
Ulmus americana

C_ommon Nattre
Hackbery
Gray dogwood
ltroneysuckle
Whit€ mulberry
Multiflora rose
Elderberry
'Bladdernut

Basswood
Slippery elm
Hrghbush cranberry

Common Nnmg
Bcxelder
Silver maple
White ash

American elrn

Abundance'+
3

3

J
a
.t

J

3

3

3

3

3

Abundnnce

-

3

3

3

3
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fable 3. List of species and Abundance Inder for 'I'ransect #3
BluffWoods Transect A_djacent to Landlill Area

('Notc: l=abundant, widespread; 2=common; 3=infrequent, local)

22 Julv 1999

Groundlayer

Scientific Name
Eupatorium ntgosum
Parthenocissu s quinquefolia
Rhus radicans
Alliaria officinalis
Aster shortii
Campanula americana
Carex laxiflora
Flepatica acutiloba
Sanguinaria canadensis
Sanicula gregana
Smilacina racemosa
Smilax tamnoides hispida
Anemone virginiana
Aquilegia caludensis
Arabis laevigatta
Celtis occidentalis
Circaea quadrisulcata
I)esmodium g!utinosum
Elymus villosus
Galium concinnr:m
Geum canadensc
IJelianthus strumosus
[Iyd rophyl I unr virgi nianum
lmpatiens capensis
Menispcrnrrrrn canadense
Osmorhiza claytoni
Physalis heterophylla
l)olygonatum billora
Prcnanthes alba
Sanguinaria canadensis
Solidago flexicaulis
Trillium recurvalurn

CommonName
White snakeroot
Virginir creepcy
Poison iry
Garlic mustard
Short's aster
Tall bellilorver
Wood sedge.

Sharp-lobed hepatica
Bloodroot
Black snakeroot
False Solomon's seal
Bristly catbrier
Thimble.Qorver
Columbin.r
Smooth bank cress
Hackberry
Enchantcr's nightshade
I'ointed tick-trefoil
Silky wildrye
Shining bedstraw
White avens
Woodland sunflower
Virginia waterleaf
Orange jewelweed
Moonseed
Swcct cicely
Clalnrrry ground chcrry
Solomon's seal
[,ion's foot
Rloodroot
Zigtag goldenrod
I'rairic wakc robin

Abundnnce'
i
I
t
t

2

2
2
2

2

2
4L

2

2
3

3

3
-J
3

3

3

3

J

3

3

3

3

3

3
at
J

J

3

3

3
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Table 3. (continued) List of Species and Abundance Inder for Transect #J
BlulTWoods Transect Upgradient from Lnndfill Area

('Note: l=abundant, widespread; 2=common; 3=infrequent) tocal)

Shrub Stratum (continued)

I
I

I
I
I
I
t
I
t
I
I
I
I
T

I
t
I
t
I

Scientific Na_rne
Vitis riparia
Ccltis occidentalis
Fraxinus quadrangulata
Physocarpus opulifolius

Understory Stratunr

Scientific Name
Celtis occidentalis
Fraxinus americana
Fraxinus quadrangulata
Acer negundo
Acer saccharum
Juglans nigra
Ostrya virginiana
[Jlmus rubra

Ovcrstory Stratunr

Scientifis lYBnrc
Celtis occidentalis
Fraxinus quadrangulata

Quercus maclocarpa
'l'ilia americana
Fraxinus arncricana
Juglans nigra
Ps1. ulus deltoidcs
Ulrnr:s rubra

Comnron I-tlame
Riverbank grape
Hackberry
Blue ash

Ninebark

Common Name
Hackberry
White ash

Blue ash

Boxelder
. Sugar maple
Black walnut
Hop hornbearn
Slippery elnr

Conrrnolr Nnrne
Hackberry
Blue ash

Burr oak
Basswood
Whitc ash

Black walnut
Cottonwood
Slippcry clnr

Abundqnce'
2
3
aJ

3

Abundnncc
I
2
?.

3

J

J

3

3

Abundnncq
2
2
2

2

3

3

3

3
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Table 4. List of species and Abundance.rndex for Transect #4
Blulf Woods Transect Upgradient from Landfill Aren

('Note l:abundant, widesprerd; 2=common; 3=infrequent, local)

22 luly 1999

Groundlayer

Scientific Name
Parthenocissus quinquefolia
futer shortii
Eupatorium rugosum
Osrnorhiza claytoni
Prenanthes alba
Rhus radieans
Sanguinaria canadensis
Sanicula gregafia
Alliaria officinalis
Anemone virginiana

F Aquilegia canadensis
Arabis laevigata
Campanula americana
Carex laxiflora
Celtis occidentalis
lilymus 'rillosus
Galium concinnum
Geum canadense
FIyd rophyllum virginianum
Impatiens capcnsis
Menispermum canadense
Snrilacina racenrosa
Smilax tamnoides hispida
Solidago flexicaulis
Trilliunr recuruatum

Shrub Slrntum

Scicntific.Nggg
Loniccra prolifera
Fraxinus americana
Prunus v!rginiana
llhamnus cathartiea
Ribes nrissouriense
Snrilax tamrroides hispida
Staphylea trifolia

Corirrnon Name
Virginia creeper
Short's aster
White snakeroot
Sweet cicely
[,ion's foot
Poison ivy
Bloodroot
Black snakeroot
Garlic mustard
Thimble flower ?
Columbine
Smooth bank cress
Tallbellflower
Wood sedge.
Hackberry
Silky wildrye
Shining bedstraw
White avens
Virginia waterleaf
Orange jewelweed
Moonseed
False Solornon's seal
Bristly catbrier
Zigzag goldcnrod
Prairic wake robin

Conrmon Name
Floneysuckle
White ash

Chokc cherry
Common buckthorn
Missouri gooscberry
Bristly catbder
Bladclcrrrut

Page 2l

ADundarice'
I
z
2
2

2
2
2
2

3

3
{
t
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-J
J

3

3

J

J

3
a
J

3

3

3

3

Abundnnpc
I

2

2
2

2

2
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Table 4. {continued) List of species and Abundanee rndex for Transect #4
BluffWoods Transect Ad.lacent to Landfill Aren

1'Note: l=abundant, widespread; 2=common; 3=infrequent, tocat)

Shrub Strrrtum

$cientific i{ame
tonieera proli&ra
Prunus virginiana
Rharnnus cathartica
Rhus radicans
Smilax tamnoides hispida
Staphylea trifolia
Vitis riparia
Acer negundo
Juglans nigra
Physocarpus opulifolius
Rhus glabra
Ribcs missouriense

Underslory Slratum

&rg$$s Nantg
Celtis occidentalis
Accr negundo
I;raxinus americana
Ostrya virginiana
Staphylea rrilbliata
Accr saccharum
Fraxinus r;uadrangulata
Juglans nigra
Morus alba

Qucrcus mauocarpa

Overslory Slralunr

$cicnlilic Narrre
Acr:r rregunclo

Ccltis ocsidcntalis
I;raxinus amcricana
Fraxinus quadmngulata

eommon il-nrLe
.Honeysuckle

Choke chery
Commonbuckthorn
Poison ivy
Bristly catbrier
Illaddernut
Itiverbank grapc
Boxelder
Black rvalnut
Ninebark
Smooth sumac

Missouri gooseberry

Copnron Nn.nrg
Ilackberry
Iloxcldcr
Whitc ash
l{op hornbeam
Illadtler:tut
Sugar maplc
lllue ash

lllack wallut
White mulbcrry
Ilurr oak

(jolltnrorr Nanrc
lloxclder
I lackbcrry
Whitc ash

Blue ash

I'uge 2lL

AJb$rd'aqge

I
I
2
2

2
2

2

3

3

3

3

3

Abundnncc
I
,,

2

2
J

-t

3

3

3

3

ALruqbtus
I

2

2

2
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Dixon-Marquetle Cbment Vegelation Assessment Report 22 July 1999

Table 4. (continued) List of Species nnd Abundnnce fndex for Transect #4
Blutf Woods Transect Adjncent to Landfill Area

('Note: l=ebundant, widespreadl 2:eomrnon; 3=infrequent, tocal)

Overstory Stratum (continueel)

Scientific Nan!e

Quercus borealis

Quercus macrocarpa
Acer saccharum
Juglans nigra
Morus aiba
Morus rubra
Ostrya virginiana
Populus deltoides
Tilia americana
Ulmus rubra

Common Nlmg

Red oak
Burr oak

Sugar maple
Blackwalnut
White muiberry
Red mulberry
FIop hornbeam
Cottonwood
Basswood
Siippery elm

Abundance

2

2

3

3

3

3

3

3

3

3
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t.O INTRODUCTION . 
.

During il4arch and April ! 998. nine monitoring wells (MW I -S, MWI -D, MW2-S, MW2-I),

MW2-M, MW3-S, MW3-D, MW4-S, and MW4-D) were installed around the CKD disposal site at the

Dixon Marquette Cement plant in Dixon, Illinois. The wells rvere installed in pairs at three sites, and

three wells were inslalled at one site. Each well was assigned a number desiguating which well cluster it

was in, and a letter designating the location of the screened interval. Letter designations u'ere S and D,

which designated screened intervals at the base of the Pecatorrica Fornration and the top of the St. Peter

Formation, respectively. One rvell, completed in the Glenwood Formation, tvas designated MW2-M, and

was used solely for conducting hydraulic conductivity testing. Each well, except for MW2-M, has a l0

foot long, 2 inch diameter screen at its base.

In May 1998 two ieachate wetls were installed in the CKD disposal area. The rvells rvere

designated LW-l and LW-2. 'Ihe base of the screen in both wells was positioned at the contact betrveen

CKD and the underlying Pecatonica Formation. One of lhe wells, I-W-2, was dry and was later

abandoned. Well LW-l has consistently had several feet of watcr in it. The rvater in the well is assumecl

to have been in conlact rvith the surrounding CKD and is consiclered ro be teachate. An actditional

leachate wetl, LW-3, was installed in lhe CKD disposal area in July 1999. No ground'vater was noted in

the CKD during drilling. Groundwater was found in the uppermost part of thp Pecatonica Formation,

wlrich was directly under the CKD.

In June 1999 four pairs of wells were installed along White Oak Lanc on the west sicle of Dixon

Marquette property. In each pair, one well is screened across lhe water table, and one is screened at the

top of the St. Peler Formation. The rvells were designated MW5-S, MWS-D, MW6-S, MW6-D, MWZ-S,

MW7-D, MW8-S, and MW8-D.

ln June 1999 a pair of wells rvas installccl south of the CKD disposal area betwcen wells MW2

and MW3. 'fhey wcre designatcd MW9-S and MW9-D. 'lhc scrcen in well MW9-S was placed at the

basc of the Pecatonica Fonnation, and the sctcen in MW9'D was placed at the top of the St. Peter

Fonnation.

Lr July 1999 wclls wcrc addcd thflt wcrc scrcened across the potcntiometric surfhcc, or as cloric

to it as practieal, at five locatiorts. 'Ihersc wclls wcrc designated MWI-WT, MW2-WT, MW3-V/T,

MW4-W'I, nnd lvIW9-WT.
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Seven piezometers (Pl through P7) were added southeast. east, and north of the landfill, They

are narrow diameter PVC pipes that run from just above the surface to about 15 feet deep. They are used

to measure the potentiometric surface near the top of the uppermost aquifer, and they are not included in

the sampling progran. Figure I is a map of thc site with the well and piezorneter locations shown, and

Table I lists well data.
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Tablc 1. $fonitoring \Yell dato.

Wcll Totd Dcplb
(ft firm topof ceslng)

Formrtlon ccrccncd

MWI-S 42.05 Pocatonica

MWI.D 80.s SL Pcdcr

MWt-WT t5.5 P(fatonicr

MW2-S ,ll.E5 Pccalonicir

MW2.D 62.25 Sl. Pctcr

MW2-M 46.20 Glcnwood

MW2-WT | 5.5 Pocalorrica

}lW3.S 6t.5 Fccatonica

MW3-:/ E0.6 st. Pelcr

MW3-WT t7.5 Pccatonica

MW4-S 44.1 Pccalonict

MW4.D 61.2 St. Pctcr

MW4-w'r 25 Pccalonica

MW5-S l5 Alluviumi

MWt-l) 47.5 st. Pclct

MW6-S t5 Alluvir, rr'

htw6.D 40 st, Pctcr

[tw7-s t5 Pccatorrica

tuw7.t) t4.5 5r. I'ctcr

MW8-S IE l'ccatonica

MWtt-t) 4IJ Sl. I'ctcr

MWr-S 37.5 lq;atonica

MW9.l) 59.t Sl. Pclcr

MW9.tV1 t 5.5 Itccoltxricit

l-w.t 65 cKD fill

l,w-l 44.5 l'ccatonica

S;xrrg rxrt altplictlrls cIlanirlct lt0ttt !to.catoltica

tllc l,tcatonisa l:orrrratkin has lxcn crrxlcd al thir kration and tcplacul wilh alluviurn oflhs ftock llivcr'
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3 The groundrvater in and around the CKD disposal area will be monitored quarterly. The

I sampling plan is designed to detect ohanges in groundrvaler quaiify that result from contamination by

I leachate derived frcm the landfill.

I Groundwaler fiow beneath tlre landfill is rouglrly east to west, or toward the Roc!; River. One

I 
well triplet (MWl-S, LlWl-D, antl MWl-WT) was placed on the east, or upgradient side of the landfill.

t T'hese wells rnonitor the groundwa{er quality in an area that has not treen affected by CK.D disposal.

_ Data from the upgradient wells will tre used in co:irpariscrns ivith data frorn other rvells to detennine if
a
I leachate has affelted the groundrvater quality.

I Wells at MW2, MW3, MW4, and MW9 are used to detect leachale in thc groundwatsr in areas

close to thc CKD and downgradient from it. Well pairs at MWs, MW6, MW?, and MW8 are used lo

I clelennine if teachate has affected rhc groundrvater near tlre Rock River, anr! to dcterrnine if thea
groundwatcr quality may affect the surface water quality in the river.

I 
'l'rvo wetls, !,W-l and LW.,3, arc uscd lo characterize grounrhvalcr beneath thc landfill.

t Croundrvi,ter in thcse rvelts may havc be,cn in conlact with the CK.D. Data from these rvells will be use.rlr
lo delcrmine rvhich p;"ramclers should hc monitoled in other rvclls.

I! 
Watcr elcvalions irr all oi'rhc wetls and piczonrelers rvilt bc mcasurcrl beitrrc caclt satnpling

I 
cvcnt. 'l-lrc data can be uscd to creai,, polcntiomelric maps of'tltc groundrvaler. Maps will be made fionr

r dala fronr group$ of v,'ells that are screenc;d al ths same deptlr in lhe satne forntntion.

I
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2.O SAMPLING II'ETHODOLOGY

Prior to field activities, arangernenls will be nrade with a commercial latroratory that is certified

in the State of lllinois. The lab witl provide sample containers and rvill place the proper preservative in

each container prior to shippirrg. A list of the container types and preservatives is presented in Table 2.

'[he fcrllorving infornration from each well will be recorded at the timc of sanryling:

Date and tinre of sampling

Depth to rvater from fte top of the casing prior to purging

The volumc of water that was purged prior to santpling

'I'he appearance of thu uater

Thc tcmperature, pII, conductivity, anci turbidity of the groundwater at the time of sanrpling

Wells MVf l.S, MWI-D, MWI-WT,lv{W2-S, MW2-D, }'[W2..WT, MW3-S, MW3-D, MW3-

WI, MW4-S, MW4-D, MW4-W'I, MWS-S, MWS-D, MW6-S, MW6-D,lvlw7-S, MW7-D,.MW8-S,

MW8-D, MW9-S, MW9-D, MW9-W'|, LIV-1, LW-3, the Rock River (trvo locations), ond the spring that

is wcst of MV/-3 rvill be sampled. We ils will be purged pnor to sarnpling. Sampling will take place

within 24 hours of purging. 'fire water will be field testcd for turbidity. If the turbidity is 5 N'IU or tess,

sa:ttplcs will not bs ficld filtered for rnctals. If the turbidity exceeds -< Nf'U, trvo sarnples for nrctals will

bc collcctcd: onc that is unfiltcrcd, and onc that is ficld filtcred through a filtcr rvith a pore sizc of 0.45

pnt or lcss prior to prcscrvatiott. All of thc samplcs will bc kcpt on icc iu the ficld and cluring dclivery to

tlrc lab. Sarn;rlcs rvill bc packed in coolcrs wilh icc, sealcd, and dclivcred to thc laboratory by ovcnriglrt

couricr. A chain of custody fonn will a..cornpany thc shiprncnt. An example chain of custody fiorm is

attactrcd. 'l-his fbrrn, or an cquivalcnl fonu supplicd by the laboratory, rvill bc uscd.

Salnpling of thc llock l(ivcr will lakc place quartcrly. Sanrpling will consist of collcction of
rivcr watcr front a location upgradiclrt front tlre landfill (about 1000 fcet upriver from MW5) and fron a

locittiolt downgradicrtl frotn the landlill (ncar MW8). Sanrpling rvill take placc fronr thc shorc on tfuc tcft

birrrk. 'f 'hc rivcr walc; rvill be analyzcd I'or tlrc sanle paranlctcrs as lhc groundrvatcr. Sanrplcs will first

bc collcctcd fron lltc ut)strcanl localion, tltcrr tlrc sanrplcs f}om lhc downstrcarn location will llc

collcctcd. l;iclclnrcasurcnl3nls of tcnr;lcralun:, pll, arrd spccific colrcluctivity will bc nradc. 'l'hc rivcr

sattt;rlcs litr dissolvcd iron will bc ;rasscd through a liltcr rvilh a pore sizc of 0.45;un or lcss pl.ior to

pre scrvnliorr.
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In addition to monitoring for compounds that exceed the background concentration:, the list of

organic chemicals in 40 CFR 141.40, and any other organic chemical for rvhich a groundrvater quality

standard or criterion has been adopted pursuant to Section 14.4 of the Act or Section 8 of the Illinois

Groundwater Proteclion Act, rvill be analyzed biennially.

Table 2. Chemical Parametcrs to be Annlyzed'

Paramet:r h{ethod Container
_,_6..__

Prescrvafive Ilolding Timc

Volatile organics 8260 2 40 ml glass

vials
HCl,4"C l4 days

Metals 200.8 125 ml FIDPE HNO3,4oC 6 months

pI{ 4500 250 ml HDPE 4"C iurnrediate

Calcium, Polassium,
Sodium, Chloride,
Fluoride, Nitrate,
Sulfate, Alkalinity,
Ammonia,
Dissolved solids,
't'oc

200.8,
4l10,
2320,
2s40c,
4500,
5310

250 ml HDPE 4'C 14 days
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3.0 ANALYT'ES

Quarterly samples from all 28 locations will be analyzed for the follorving. Practical

quantitation lirnits rvill be those specified by USEPA SWS46laboratory methods.

Benzene
l,l -dichloroethane

I , l -dichloroethene
l, l, l -trichloroethane
Toluene
Aluminum
Antimony
Arsenic
Barium
Berylliurn
Borou
Cadmium
Calcium
Chrotnium
Cobalt
Copper .
Iron
l*ad
Magnesium
Manganese
Mcrcury
Nickel
Potassium
Seleniunt
Sodium
I'hallium
Vanadiunr
Zirrc
Arnnronia rritrogcn
Chloride
COD
I;luoridc
Nitratc as N

Sulfate
Alkalinity, phenol.

Alkalinity, bicarbonatc
Alkalinity, total
'l'otal organic carbolt
'l'otal dissolvcd solids

PI-I
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I
These parameters have been previously dctected in downgradient wells at concentrations

I exceeding the background concentrations.
I

I 4.0 euALITY coNTRoL
t 

Additional samples for quality control rvill be submitred to the laboratory. Split salnples rvill be :.

I collected from wells MW!-S and MW3-S Ooth screened in the Pecatonica Formation), and MW7-S.

! The samplcs will be tabeled as split samples, bur no well numbers will identiff thern. The split samples

I 
will be analyzed for the same parameters as the other samples from the same wells. These samples rvill

r be used as a check on sampling procedures and reproducibility at thc laboratory.

I A trip blank consisting of pure water will be prepared by the laboratory and analyzed for organic

I compounds by Method 8260 and metals by Method 200.8. The trip blank will be used as a check on

U contamination of the samples.

f The laboratory will be certified by the State of lllinois, and will adltcre to a quality control

r program that meets specifications in 35 IAC 186, which governs the certification of laboratories.

t Samples will be analyzedby standard methods according to USEPA SW-846 Test Methocls for

Iivaluating Solid Waste. Quality control proccdures listed in SW-846 for the methods that are used will

I be used by the laboratory.
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EXECUTWE SUMMARY
G

f Sixty four remediation technologies listed on the federal remediation technology
roundtable were screened for applicability to Dixon Marquette Cement Cornpany's

I landfill. Eleven technologies were considered theoreticaily feasible and were eviluaied
I for installation at the landfill.

I Installation of a RCRA Subtitle D Cap with Cap Enhancement was determined to ber technically feasible. This type of technology would have a capital cost of $2,000,000 to
$4,000,000.

r No other technologies were feasibie.

T

I

I
T

!
I
t
I
I
I
I
I
I



I
t 

'ABLE 
oF coNTENrs

I

r EXECUTIVE SUMMARY............ ..........o.................. i

I r. rNrRoDUCrroN .:................. . "...,...........1
II.PRELIMINARYFEAsIBILITYANALYSIS'.'...'......

I III. FEASIBILITY ANALYSIS OF SELECTED TECHNOLOGIHS ............3

I
- APPENDIX A: T'i'eatment Technologies Screening Matrix

I APPENDIX B: Infeasible Technologiesf'

I 
APPEND1X C: Theoretically l?easible Technologies

a APPENDIX D: Preliminary Cost Estimate CKD landfill Cap

I APPtsNDIX B: Leachate Collecrion Sysrem

I
I
I
t
I
I
I
t



t
l
I
I
I
T

I
I
I
!
I
I
!
I
I
I
I
I
t

FcasibiUty and Cost Anelyris of Remedill Alternatives
For: Dlron Merquclte Cement Company
Prepared by; Freston Englncering
iVlarch 13,200t

I. INTRODUCTIOI\{

Ths Dixon \{arquette Cement Plant (DMC) has disposed of waste cement kiln dust in an
onsitc landfill since 1984. The landfill appears to have been used as early as 1959 by
previous plant owners. It is located in a portion of an old surface mine. The landfill is
approximately 300 fe.et wsr of the Roc.k River at its closest poirrt.

DMC desires to continue to use the landfill for disposal of waste cement kiln dust (CKD).
Ilowever, because of inherent siting and design factors it is not technically or
economically feasible to comply with all curent landfill regulations. Therefore, it was
necessary to evaluate alternatives that could be included in adjusted standards. Numerous
sources were used to evahiate the costs and feasibilitv of various altenratives to the
landfill regulations.

USEPA publication 540-R-00-0 02 *A Guide to Developing and Documenting Cost
Estimates During the Feasibility Study" was used as a reference. The Federal
Remediation Technology Roundtable website was used to screen various altematives. A
more detailed cost analysis was done for favorable altematives.

The general alternatives considered u,ere closing the lanclfill and hauling all new waste to
the local landfill, hauling all new and previously disposed waste to the local landfill, and
operaling the landfill with adjusted standar<ls. Options for c,lllecting groundwater,
treating groundwater, and hydraulic control were evaluated for the operatiirg with
adjusted starrdards alternative.



Feasibllity and Cosl Anelysis of Remedlal AltcrnBtivcs
For: Dixon lvtarqueltc Ccmcnt Company
Prepared by: Prcrton Engincerirg
Illarch 13,2{Bl

II. PRELIMINARY FEASTBILITY ANALYSIS

The Federal Rernediation Technology Roundtable website (www.ftr.gov) contains a

treatment technology screening matdx for many aitematives for treating waste, soil and

groundwater. Table 3-2: Treatment Technologies Scrcening Matrix is includcd in the

Appendix A. The inorganic contaruinant column was selected because the CKD waste is

inorgaric and the leachate contaminants were prirnarily inorganic. The anay of treatmeut
technologies is rated by effectiveness. Technologies rated better for inorganic
contaminants were selected for additional consideration. Background infotmation was

reviewed to determine if a technology could be usecl for the DMC site.

Many of thc technologies rated better for inorganic technologies were detennined to be

ineffective, unproven, or expensive after review of background information. The
follorving technologies were determined to be infbasible and rvere eliminated frorn
further consicleration. Technology descriptions are included in Appendix B.

4.6 Electrokinetic Separation
4.8 Soil Flushing
4. I 0 Soliciification/Stabilization
4. I 7 Chemical Extraction
4. I 8 Chcrnical Reduction/Oxidation
4.20 Separation
4.21 Soil Washing
4.24 Solidifi cation/Stabilization
4.40 tly dr ofra.cturin g
4.4 6 Possive/Reactive lteatment Walls
5.57 Deep Well Injection

'l"hc following technologies were dctennined to be thcoretically feasible and were
evaluated further to determine the site specific feasibility and cost at this facility.
T'echnology descriptions are located in Appendix C.

4.30 LawJfrll Cap (Soil Containrnent Rernediation)
4.3 1 LanrJfrll Cap Enhancernent (Soi l Contairuncnt Rcmediation)
4.32 Excavation, Retdeval, and Off-Site Disposal (Soil Rcmediation)
4.36 l'hytorenrediation (ln'Situ Groundwater Rernediation)
4.48 Constructed Wetlands (Ex Situ Groundwater ltemcdiation)
4.49 ArJsorptior/Absorption (Ex Situ Croundwater ltcmediation)
4.52lon Exchangc (Ex Situ Grouttdwater ll-emediation)
4.53 Prccipitatiorr/Coagulation/Flocculation (Ex Situ Groundwater Remcdiation)
4.40 Dircctional Wells (ln Situ Groundwatcr l(emcdiation)
4.58 Croundwatcr Purnping (Groundwater Containrnent)
4.59 Slurry Walls (ln Situ Groundwater ltcrncdiation)
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Feaslbllity aDd Cost Analysls of Remedial Altematir€c
For: Dixon Marquctle Cement Company
Prepared by: Prcston Englnc*rlng
i{rrch 13,2fi}l

III. FEASTBILITY ANALYSIS OT SB,LECTED TECHNOLOGIBS

Eleven technologies that were theoretically feasible were evaluated in more tletail. The
effectiveness at addressing all of the contaminants associated with the landfill as weil as

the cost was considered.

4.30 Landtll Cap

The purpose of a cap is to prevent direct contaot vrith waste, prevent wind blorvn
transport of the waste, and to reduce the volume of precipitation that infiltrates through
the waste and becomes leachate. The most common cap is a soil layer that has been
compacted to former a banicr layer, which is then covered with a protective layer that
supports vegetation. Two types of designs which are common are a RCRA Subtitle C
Cap and a RCRA Subtitle D Cap.

A RCRA Subtitle D Cap is required for non-hazardous waste landfills. The Illinois
regulation for Subtitle D landfills (811.314 Final Cover System) calls for a low
permeability layer that has a minimum thickness of three feet and a penneability of less
than l0-' cmlsec. A final protective cover is required that is three feet thick and is capable
of supporting vegetation. Based on the technology summary, the rough industry cost is
$175klacre acre for a RCRA Subtitle D.'l-lris works out to be a total cost of $4,025,000
dollars far a Z3-acre cap. However, because DMC has equipment to move soil it is
anticipated the cost for a cap that meets Illinois requirements would cost kss than
$2,000,000 if onsite soils can be used for the cap. A preliminary construc',ion cost
estimate for a landfill cap is included in Appendix D. The estirnated oost for a landfill cap
was $ l ,852,000.

A RCRA Subtitle C Cap is a multilayered landfill cap that is suggested for use in RCRA
hazarclous waste applications. These caps have at least one synthetic liner in addition to
the provisions of the Subtitle D cap. The synthetic liner will further reduce infiltration of'
water into the waste. The drawback is increased difficutty in construction and increased
cost. 'fhe rough industry guideline cost is $225k/acre. This would be a total of
$5,175,000 for aZ3-acre cap. DMC does not have the ability to construct this typc of
cover ancl would need to use a landfill contractor. Therefore, the industry average is a
reasonable estimate.

Constrrrction of Subtitle D Cap installed in accordance ivith the IEP.A, rule 8l I .3 l4 when
the landfill is closed is a technologicaily feasible option.

4.3 I Landfi ll Capl_tt[114ggpg11$

'flrc purpose of Iandfill cover enhancement is to reduce or eliminate percolation. Watcr
harvesting increases runoff. Vegetation cover reduces soil moisture via plant uptake and
evapotranspiration,
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The anticipated design is tikely to have at least a 20oA slope which rvill result in a
substantial amount of runoff. In addition, the landfill eap will need to be seeded with
vegetaiion to control wind and water erosion of the soil cover. Landfill cap enhancetnents
are anticipated as part of a normal soil cap construction and will not increase the cost of a
Subtitle D cap.

Inclusion of iandfill cap enhancements such as vegetation is a feasible and appropriate
technology to apply to the anticipatcd Subtitle D cap.

4.32_E{cavation, Retrieval, and Off-Site Disposa!

Contaminated material is removed and transported to penllitted off-site treatment and
disposal facilities. The technology guide provides a cost estimate of $270 to $460 per ton
for disposal at a RCRA permitted facility. 

,

Thc CKD landfill is estimated to : ,rntain 650,000 tons of rvaste. Disposal costs at thc
local pernritted Subtitle D landfill iirc $38/ton. The total cost-rvould be $24,700,000 for
disposal, There would be an additional cost of approxirnately $300,000 for site
restoration. The total cost for this technology is $25,000,000. F

The cost of offsite disposal is economically infeasiblc.

4.36 Phytorcnrediation

Phytoremerliation is a sct of processes that uscs plants to rernove, transfcr, stabilize and
destroy organic/inorganic contamination in groundrvatcr, surfacc water, and leachats.
These mcchanisms includc enltanced rhizosphere biodcgradation, hydraulic control,
phyto-degradation, plryto-volatilization, phyto-accurnulation, antl phyto-stabilization.

Thc DMC site poses significant constraints on this tcchnology. 'l'he prinrary contarninarrts
arc inorganic and thus arc not arncnable to biodcgradation or volatilizntiorr. Much of the
contaminalion is deep and in bedrcck where toots are not likely to;>enetratc. Plants could
pulnp shallow groundrvatcr and accumulats contarninants in tirc shallorv wster near the
I{ock ltivcr. l'lanting trccs along thc rivcr was invcstigatcd. llowever, there is vcry littlc
arca bctwccn the bluff ovcrlooking thc rivcr and thc rivcr to plarrt lrccs. Currcntly, thcrc
is a luslr startd of lrccs artd vcgetation along lhe bluff facc that rnay vcry wcll attcnuale
contarninants in thc shallow watcr tablc.

'l'his tcchnology was <lctcnrrincd to bc infcasiblc lbr this sits bccausc of sitc constraints.

U_9_Qg,!!t'f _q!-etJlLcllq'_t!!

'l'ltc constructcd rvctlarrds-bascd trcalrncnt tcchnology uscs lrnlural gcoclrcrnical and
brologicnl ,rrocc.sscs ittltcrcrrt irt an artificial wctland ccosystcnt to ircculnulate and
rctnovc ntctals, cxplosivcs, attd othcr corttarninonlg frorn influent watgrs. 'l'hc proccss can
usc a filtration or dcgradation l)roccss.
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Although the tcchnology incorporates principal components of wetland ecosystems,
including organic soils, microbial fauna, algac arid vasculai plants, microbial cctivity is
responsible for most of the remediation. Meials are removed through ion exchange,
adsorption, absorption, and precipitation with geochemical and microbial oxidation and
reduction. Ion exchange occurs a.s nletals in the lvater contact humic or other organic
substanccs in the wetland. Wetlands constructed for this purpose often have l,ttle or no
soil instead they have strarv, manure or compost. Oxidation and reduction reactions
catalyzed by bacteria that occur in the aerobic and anaerobic zones play.a rnajor role in
precipitating metals as hydroxides and sulfides. Precipitated and adsorbed iretcls settle in
quiescent ponds or are filtered out as rvater percolatas through the rneriium or the plants.

Tlre performance of wetland systems is not easily predicted nor is the cost. One estimate
from the technical document is $1.35 per thousand gallons. Up to three nrillion gallons
per day of contaminated groundwater is discharged. '[he cost for treating this volunrc of
wafer would be $4,08U per day or about $ 1.5 million dollars per year.

This technology is not economically feasible and the technical feasibility is dubious.

4.49 Adsorptign/Absorption

In liquid absorption, solutes concentrate at the surface of the sorbent, tbereby reducing
thcir concentration in the bulk liquid piiase. The most common adsorGent is granular
activated carbon. Other adsorbents include activated alumina, forage sponge| lignin
adsorption, sorption clays, ancl synthelic resins.

Adsorption does not work well for water soluble compounds and srnall nrolecules.
Thcrcfore, it would not be a good choice for inorganic ccntaminants such as clissolved
soliris. Cost estimatws rangc fi'om $280/1000 gallons to $340/1000 gallons. At three
million gallons per day of contaminated groundwatcr, the cost coulci be over $ 1,000,000
per day.

'l'his technology will not work wcll for thc,dissolved constitucnts founcl in tfie
groundwatcr at this site and lhc cost is prolribitory.

4.12_lctLliry[qqgq

Ion cxchange rcrnoves ions from the aqueous phasc by exchange with counler ions or, the
cxchangc rnedium. Ion excharrge can re'nove dissolved melals fi'om aqucous solutions.
I-lowcvcr, thc ion; rcrnovcd are replaccd with other ions with little change is dissolvcd
solids contcrrt. Wastcwater is also produccd when the unit is regencrated. 'fhe cost is
typically $0,30 to $0,80 per 1000 gallons trcated. For three million gallons pcr clny of
contaminatsd groundwatcr, the cost would bc $900 to $2,400 per day.

'l'lris tcclinology would not significantly dccrcasc lltc levcl of dissolvcd solids alrd tlrc
expcnsc is sigrti licant.

a
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4.53 Precipitation/Coagulati.rn/Flocculation

I'his process transforms dissolved contaminants into an insoluble solid, facilitating the
contaminant's subsequent rernoval fi'om the liquid phase by sedirnentation or filtration.
The process usually uses pH adjustmcnt, addition of a chemical precipitant, and
flocculation.

Precipitation of nretals has long bcen the primary nlethod of treetirtg nretal-laden
industrial wastewaters. This involves the conversion of soluble heavy metal salts to
insoluble salts rlat will precipitate. The precipitate can be removed from the treatcd rvater
by physical mtthods such as ciarification (settling) and/or filtration. The precipitate or
sludge rnust ther be disposed in a landfill unless they have sufficient commercial valuc to
allow recycling.

Cost for this process may be from $0.30 to $0.70 per 1,000 gallons plus $0.50 pcr 1,000
gallons for sludge disposal, For a tluee million gallon per day system, the cost ranges
from $2,400 per day to $3,750 pcr day.

'Ihis is a poor technology for treating groundwatcr urrder the DMC landfill. 'l'he
groundrvater has low heavy nretal contamination. Adding chenricals will raise thc
dissolvc'd solids content of the groundwater, which alreaciy has elevated levels. 'l'hc
annual oost is from $876,00p to $ 1,365,000 pcr year.

l'hc tcchnology is elirninated because of thc lrigh cost and qucstionablc bcnclit.

4.40 Dircctional Wclls

Drilling techniqucs are used to position wclls horizontally, or at an altgle, to reach
contaminants not accsssible by dircct vertical drilling.

Use of the tcchnolog.v:r':,'r1'bc linrited by thc potential lbr rvells to collapsc, rcquirerncnt
of spccialized tcchnolop'y, difficulty in preciscly locating wclls, cost, and dcplhs lirnitcd
to 50 fcct.

Cost cstimntcs in thc tcchnology guirlc arc $20 to $75 per fcrot, I'lowevcr, thcsc r:osls
appe'dr to bc for unconsolidatcd founations. 'l'ypically drilling in rock incrcasc costs by a
I'acttrr ctf |,0. An analysis of lcachate collcction systcrns is includcd in Appcndix Il. The
prciiminary cost cstimatc fbr a horizlntal rvcll 2000 lbot long is $695,000 or $350 pcr
foot.

'l'ltis tccltnology appc:'rs fcasiblc altlrough therc i $onrc uncctlainty of thc llcrccnt of
captur0 uocausc ol'thc variability ofjointing in thc bcdrock.
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4.58 C 
"oul4gglg" 

Pggptgg

3roundwater rrmping is a commonly used groundwater remediation technolcgy at
contarninated sites. Possible objectives of groundlvater pumping include removal of
dissolved contaminants from the subsurfuce, and containment of contarninated
groundwater to prevent migration.

Limitations of the technology include the length of time necessary to meet the
remediation goal, the systems often fail to contain the contaminarrt plume, tlre cost of
installation and operation is high, and biofouling of rvells is common.

'lhe cost for this type of system depends on the specific design and sitc conditions. A
preliminary design is included in Appendix E. A system of 100 wells, 30 fbet decp at
DMC rvould cost over $600,000 fbr conslnrction. Operating costs rvere estimated to be
$100,000 per year.

This technology is feasiblc, although the actual capture of groundwater rvill clepend on
how effectively major joints are intersecied. The lo' .rtion of major joints is diflicult to
predict, rnaking the pera:nt oigroundwater capture uncertuin.

tsl-$!u-v-W:!!
'['hese subsurface barricrs consist of vertically excavated trenches fillcd with slurry. The
slurry, usually a mixturc. of bcntonitc and waler, hydraulically shorcs thc trench to
pravenl collapse atrd rctards ground tvater florv. Slurry rvalls are used to contlin
cclttaminated ground walcr, divert uncontaminatul groundwater flow, anrVor provide a
barricr lirr lhc groundrvatcr treatment syslem,

Sfurry rvalls are typically placed at depths up to l0(; fect and are gencrally 2 to 4 feet
thick. 'fhe rnost eflbctive application of a slun'y wall for sitc rcnrcdiation is to key the
slurry v'all2 to 3 foct into a low permcability laycr such as clay or hcdrock. 'lhis kcying-
in ;rrc'vidcs for an effentivc foundation rvitlr min: rum lcakagc potcntial.

-fhc cost frrr a soil-bcntonite wall in a soft to rncdium soil rangc is $5 to $7 pcr square
foot. A rcccttt hid for a looal landfill resultcd in a construction cost of approxirnatcly $7
pcr squarc lirot. 'l'hcsc cosls arc based on excavalion in soil. At tlrc DMC site tlrc sluny
wali vrould havc to br: conslntctcd in fiacturcd dolornitc and kr:ycd into tlrc Glenrvoocl
shalc unit. llcdrock excavation is typically a fnctor of l0 highcr tl:an soil cxcavntion,'fo
circlc thc landfill rvitlt a 40-foot dccp slurry rvall would rcqrrirc a minirnuln of l(10,000
s(luare f'cct of sluny rvall, At $50 a riquare f<rot, thc cost rvould bc $8,000,000.

'l'ltc cost and difficulty ilr installing n slurry wall in 40 foot o[rock rnakcs this altcrnativc
inl'casiblc.
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4.6 Electrokinetic Separation
(ln Situ Soil R.medlrrion Tccbnologr)
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Description:

Eigtre 4-6: Typical In Situ
Electrokirretic Scparation

Systern

The principlc of electrokinetic remediation relies upon application of a lorv-intensity direct curent
through lhe soil between ceramic electrodes that are divided into a cathode urroy ani an anodc
anay' This mobilizes charged species, causitrg ions and waler to move toward the electrodes. Metal
ions, ammonium ions, and positively charged organic compounds moye toward the cathode.
Anions such as chloride, cyanide, fluoride, nitrate, and ncgatively charged organic compoulds
move toward thc anode. The current creates an acid front at the anode ancl a base front it the
cathode. This generation of acidic condition in situ may help to ntobilize sorbed metal
contaminanls for transport to the collection system at the cathode.

The two primary mechanisms transport contaminants through the soil towards one or tlre other
electrodes: clectromigration and electroosmosis. In electrotnigration, charged particles are
transporled through the substrate. In contrast, electroosmosis is the movemenfof a liquid
conlaining ions relative to a stationary charged surface. Of the tvro, electromigration is t[e tnain
mechanism for the ER process. Thc direction and rate of movement of an ionic species will clepen4
on its charge, both in magnitude and polarity, as well as the magnitude of the electroosmosis- 

'
induced flow vclociry. Non-ionic species, both inorganic and organic, wilt also be transported along
with the electroosmosis induced water flow.

Two approaches ate taken during electrokinetic rernediation: "Enhancecl Removal,, and "Treatlnent
without Removal".

"Enhanced Retnoval" is achieved by electrckinetic transport of contaminants toward the polarizrd
electrodes to concentralc the contatninants I'or subsequcnt removal and ex-situ treahnent. Removal

3,2 ln_Silr Blrvsica

The Electrokinetic Retnediation (ER) process removes mctals and organic contaminants from low
perrneabitity soil, mud, sludge, and marine dredging. ER uses electrochernical and electrokinetic
processes to desorb, and then remove, metals and polar organics. This in sihr soil processing
technology is prirnarily a separalion and removal technique for extracting contaminanls froin soils.

.6 Elcctrokinetic Separation

lr ttp ://www. frtr. gov/rnatrix2/scotion 4 / 4 15,html Ul9l0l



4.6 Electrokinetic Separation

Synonyms:

Applicability:

Electrokinetics; Elcctrom igration.

Linritations:

t

Dsta Needs:

l'erfornrance Data:

of contaminants at the elechode may be accomplished by several means among which arc;
electroplating at the elechode; precipitation or io-precipitation at the electrode] purnping ofwater
near the electrode; or colnplexing with ion exchange re;ins. Enhanced rernoval is wiclcl! uscd on
remediation of soils contaminated metals.

"Treatment without Renroval" is achieved by electro-osnrotic transport of contalninants through
treatment zones placed betwee-nelectrodes. The polarity of the electrodes is reversed periodicilly,
which reverses the direction of the contaminants back ind forth through treatnent z.ones. The
frequency with which electrode polarity is rcvcrsed is cletennineci by ihe rate of transport of
contaminants tl'irough the soil. 'lhis approach can be used on in-situ remediation ofSoils
contam inated with organic species.
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Targeted contaminants for electrokinetics are lreavy metals, anions, and polar organics in soil, mud,
sledge, and marine drcdging. Concentrations that cin be treated range ftorn a feri parts prlnillion'
(ppm) to tens of thousands ppm. Electrokinetics is most applicable in low penneaUility soits. Suctr
s.oi$ ar-e typically saturated and partially saturated clays anil silt-clay mixtures, and are not rea4ily
drained.

Factors that may limit the applicability and effectiveness of this process inctude:

'o o Effectiveness is sharply reduced for wastes with a moisture content of less than l0 percent.

' h{aximum effectiveness occurs if the moisture content is bctwcen l4 and lg p.r.rni.r The presence of buried metallic or insulating rnaterial can incluce variability inilrs-electricat
conductivity of the soil, therefore, the natural geologic spatial variability sliould be
delineated' Additionally, deposits that exhibit very iiigh ilectrical conductivity, such as ore
deposits, cause the technique to bc irreflicient.

. Inert eleclrodes, such as carbon, graphite, or platinum, must be used so that no resirtuc will
be introduced into the lreated soil mass. Melallic elecirodes may dissolve as a result of
electrolysis and introduce conosive products into the soil mass.r Electrokinetics is ntost effective in clays becau.se ofthe negative surface charge ofclay
particles. Howcver, the surface-charge ol'the clay is altereJby both 

"rrarger 
iiine piiirtrr"

pore fluid and the adsorption of contaminants. Eitrerne pH aitlre electro-<lcs and reiuction-
oxidation changes induced by the process electroclc reactirrns many inhibit EIt,s
effectivelress, although acidic conditions (i.e., low ptl) may hclp to rernovc nretals.e Oxidation/rcduction reactions can fonn unclesirable pioaucts (e.g., c6lorine gasi. 

-

ffi
A detailed discussion of data elements is provided in $&rej!erl2 .l-l-(DattRequirements for Soil,
Sedirnent and Sludge).

Kfffirorryfifr
There have been few, if any, conrnercial applications of electrokinetic rernediation in the United
States. flrc clectrokinetic technology has bebn operated for test ancl dernonstratiorryurposcs aiilrcpilot scalc and at fullscalc at.the ftrllowing sitcs: (l) Louisiana statc University, (2)
Elcclrokinetics, tnc., (3) Geokinetics Intenrationai, inc,, and (4) Battelle M.inoiiif institute.
Gcokinetics Ittternational, Inc.(olt) has successfully demonsirited the in situ electrokinetic
rcmediation process in five field sitcs in Elurope,

In 1996, a contprehensive.demonslration_stucly of lead extraction at a U.S,Anny firing range inLouisiana was conductcd by DoD's snrall Buiincss Innovative Research program and

lrttp://www. frtr. gor,/rnatrix2/section 41 4 6,htntl vt9t0l
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4.6 Electrokinetic Separation

Refercnces:

l'oints of Contaci:

'I'cclrnrrlogy Specific Wcb Sites:

Page 3 of4

Electrokinetics, Inc. 'fte EPA taking part in independent assessments of the results, found pilot-
scale shrdies have demonstrated that concentrations of lead decreased to less than fbO mg/kg in :O
weeks of electrokinetic processing when lhe soils where originally contaminated as higtr-as i,500
mg/kg of lead.

Costs will vary with the atnount of soit to be treated, the conductivity of the soil, the type of
conlaminant, the spacing of electrodes, and the-type of process desi[n employea. ongoingpitot_
scale studies using "real'world" soils indicate thiithe energy expeniiturei in extraction of metals
from soils may be 500 kwh/m3 or morc at elechode spacing of l.0m to 1.5m. Direct costs
estimates of alzout $15/rn3 for a suggested energy expenditure of $0.03 per kilowaft hours, together
with the cosi oienhancement, could result in direcl costs of $50/m3 or more. If no other efficient in
situ technoiogy is availablero remediate fine-grainedand heterogeneous subsurface deposits
contaminated with metals, this technique would remain potentia[y competitive.

EIA,=l-996.8gceut__D_evelopntentfaLlL$tta.rysstueut_olJr:tqs!_eat lentiilsleLgpil, -EpA Offise
sf.Sslid-Wssle&-Em.crgencyRpsp.orrse.Tcsllno-lag)1lnn;,v.a!1Je-O_in*.Warfri"gi"",.OC--- 

- -=-

USAEC, 1997' "In'situ f,lectrokinetic Ileryrerliation for Mctal Contaminnted Soils" in
hnovalh'e Taegltnolog Demonslration, Evalualion and Transfer Aclivitics, Fy 96 Annual Report,
Report No. SFIM-AEC-ET-CR-920t3, pp. 87-88.

u.s. DoE, 1995. "Electrokintic Remediation of Heavy Metals snd Radionuclirtcs,,' in
yeclnolgg Catalogae, Second Edition Office of Environmental lvlarragen)ent Officc of
Technof ogy Developrnent, DOE/EM-023 5, pp.201-203

Site Information:

. A r ru y_De tu-0, IJ. S -4 rurf__Wa1sryay-s_ExB9 r!n0 e U_Statjsn,!-atqn Rau gela ul s iaua. An Undqryrcund_SlonSaJankSpil!
o DOE_ Dem o, Qak,Ri d ge_K :21_ faci Uly, T_etn essqcr Doli DQrn o: Sandia Natiqna! f,aboratori9s eh-enusally-aslg I-anr!hl!o li PA/DOB,Dem o ; DOE Gaseous_Diffusion plan!,_parlucab, K_entugkyo DOli Deus, Old ll'lX Basin, Savannall River Sile, Soulh_Carqlinar U.S. Arnrv. firinri ranf:e. LA
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ffiffifmilfl
Vendor Information:

4liElgf rydors o{rerilg 
,ln sllu glysicayclrcmical soi is available frorn the vendor Inlbrmation sysrem for tnnovativs

Treatment Tcchnologies (VI$ITD developcd by U.S. Environmental Protectiorr Agency (EpA).

Health and Safety:.

]b be added
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l:igurc 4-8:
'l' y pical Soi I l:lushirrg S),stcrn

t

In situ soil flushing is the extraction of conlaminants from the soil with rvater or othcr suitable
il(lueous solutions. Soil flushing is. accomplished by passirrg thc extraction fluicl througlr il.placc
soils using an injection or infiltration process, Extraition fluids rnust bc rccovcrccl froir thc'
undcrlying aquifer and, rvhen possible, they are recycted.

Y Cosolt cttt Ettlrottccngnl

Cosolvcnt flushing ittvolvcs injccting a solvcnt nrixture (c.g., rvater plus a rnisciblc organic solvent
such as alcohol) into cithcr vadosc zulc, saturatc d zrrne, or both to cxtract organic con'iarninarrts. 

-'

Cosolvcnt flushing can be applicd to soils to dissolve eithcr thc sourcc of corltamination or thc
conlaminanl plulnc cntanating from it. 'l'hc cosolvcnl rnixturc is nonnally injectccl upgradient of rhc
contatninated area, and tlie solvent with dissolvcd contarninants is cxtraited"do*ngrii.nt u;d 

- --'-

lreatc'J above ground.

llecovcrcd grouncl watcr and flushing fluids with the dcsorbc<J conlarninants rna1, rrccd trcatplclt to
nteet appropriatc dischargc slnndards prior,to rccycle or relcase to locnl, publicly o*nra 

"ortr"oi.rtlcallncnt works or rccciving slreatns. '[o lhc maximurn cxtcnt practical, rccovcicd fluids should bc
rcuscd irt.lhc l'lushing process. 1-hc scparation ofsurfacranls from rccovcrctl lushlng nuiJ, loi'- 

--
rcuse in lhc proccss, is a lnajor factor in thc cost ofsoil flushing,'licotrncnt ofthc ricovcrid nuiAs
rcsults in process sludges ard residual solids, such as spcnt cnr6olr and spcnt ion 

"r.fruniir 
rerinl--wlich mugt bc-appropriatcly (reatcd beforc disposal. Air cnrissions of votatite conlarnins'nts frorn

rccovered flushing fluids should bc colicctsd and trcalcd, as appropriale, lo Inect appllcable
rcgulalory standards' Itcsidual flushing sd(litivcs in thc soil m'oy Ui a concern and ihoukl bo

4.8 SoiI Flushing
(h Situ Scil Roedi.tioD TEb10106,)
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Scdiment, and Slu

.8 SoilFlushing water, orwater containingan additivc to entiince conGrninalrt sotuuitiffi
injected into the ground water to raiss the water table into thc contarninited soil zone.

ts are lcaclcd into the ground water, which is then cxtractcd and lrcated.
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4-8 Soil Flushing

Synonyms:

Applicability:

Limitatlons:

I 
Data Nceds:

I
I 

Pcrformnnce Data:

Page 2 of4

evaluated on a site-sper:ii'ic basis.

'[he duralion of soil flushing process is generally short- to medium-term.

DSERTS Codc: M12 (Soil Flushing).

rcFEr^{lt?llfl

Hl;filHtrilrfl
'll|e target contaminant group for soil flushing is inorganics including radioactive contaminanls,
th-e technology can be used lo reat VOCs, SVOCs, iuels, and pesticides, but it rryry be less cosr-
effective than alternative technologies for these coniaminant grbupt. ttre,aaJition*Jf
environmenlally cornpatible sttrfactants-may be used to increise the eftectiVe solubility of some
organic compounds; however, the-flushing solution may alter the physical/chemi"uf fiop*rti"r of
the soil system. The technology offers thapotential for recovery oimetals and can n obilize a wide
range of organic and inorganic contaminants from coarse-grainld soils,

T

I

Factors that may limit the applicability and effectiveness of the process include:

r Low permeability or heterogeneous soits are diflicult to treat.r Surfaclants can adhere to soil and reduce effective soil porosity.r Reactions of flushing flukls with soil can redrrce contaminant mobility.r Thc potential of washing_the conlaminant beyond the capture zone an,l thc introduction of
surfaclants lo the subsurface.goJlcgT rcgulaton. The tec'hnology shoutd be ut.d;;,lt ,;h;
flushed conlaminants and soil tlushing fluid can bc confrincd ind recanru?e<t.o Aboveground separation and trealmcnt costs forrecovered fluids can drifr ihc econornics of
the process. I

ll|c lost ofsoit flushirlg dcpencls grsfitly on tha typc and concentration ofsurfactants used, iftheyarc uged at all. Rough cslimalsr ranging from $2i io $250 pcr cuUic yarcl tiavc bcen reportcd.

A detailed discussion of thesc data elemenls is provided in Subsec-tior 2.2.l (Dara Requlremcnts forSoil,.sediment, and Sludge). Treatability tesrs are required io a.r.nninr fr" tr*iuifity'"iir,;-"..'-
specilic soil-flushing proccss being considerert. Physical ancl chemicai soil characterization
paramelcrs that should be.cstablished include soil pcnneability, soit slructurc, soil texture, soit
porosity, moisrurc content, rotal organic carbon (Toc), catiori cxchange capacity tCnCl, i,ii'.robuffcring capacity.

Contaminant charactcristics that should be cstablished inctude conccntration, solubility, partitlon
cocfficicnt, solubility products,.reduction polenlial, and cornptcx stabitity constants. Soil ond
conlaminant characterislicg rvill dctermine lhc flushing fluidi rcquire<|, fiusiring filid c;;;;tibllity,
and changes in flushing fluids with changes'ln contaminnnts.

Soil flushing isa devcloping tcchnology that has had lirnitcd use in rhe rJnited states. Typicaly,
laboratory and field treatability studics must bc performerl unrJcr sire-spccilic condirioni bcinri so1fluslting is sclected as the rernedy of choice, To date, the tcchnology trit tr..n selccled 

", 
p .rr"iiii,source-conlrol rcmcdy at l2 Supcrfrurd sites. 'l1ris tcchrrology is crincntly opcrational ,i 

"iifv 
onl"'-Supcrfund sitc; u sccond was scltcdulcd lo}egin operarion iri lqoL ipn co'rnplctc,r r:o,,riirition ol

a tnobilc soil-flushing syslctn, thc tn Situ Contaminant/l'rcatrncnt Unit, in tsgt, .|llis 
nrofrife solj-'fiushing system is designcd for usc al spilts and unconlrollcd lraz*rdous wastc sitcs, n,.r. Lug l..nvcry littlc cornmercial succsss with lhis tcchnology.
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4.8 Soil Flushing

References:

Page 3 of4

Additional cost infornration can be found in the Hazaidous, Toxic, and Radioactive Wastes

(HTRV) Historical Cost Analysis Systcm (HCAS) developed by Environtnental llistoricai Cost

Conrmittee of Interagency Cost Estimation Group.
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4.8 Soil Flushing Page 4 of4

A-list sf v-e-!!dq:s-o-1&r!lg b-sttufhysisgyCltemjgel-$oiljheatureqt is available from the Vendor information System for Innovarive
Treatment Technologies (VISIIT) developed by U.S. Environmenral protection Agency (EpA).

ffifflfirlllu
Ifealth and Safety:
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4. I 0 Solidifi cation/Stabilization (In Situ) Page I of6

4 "10 Solidifi catio n/Stabilization
(ln Situ Soil Remcdlrtion Trhnologl)
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Descriplion:

I;igurc 4- l0a:
'l'ypical A ugcr/eaisson and
I(cagcnt/lrrjcctor I'lcad $yslcms

I'igure 4- l0b:
'l'ypical lrr Situ Vitrification
Systcrn

Solidificationistabilization (S/S) reduces the mobility of hazardous substances and contaminanls in
tlrc environment lhrough both physical and chemical means. Unliks othcr rentedial technologies,
S/S seeks to trap or immobilizc contaminants within thcir "host" medium (i.e,, the soil, sand, onrUor
building materials that contain'them), instead of rernoving them through clrcrnical or physical
trcatment. Leachability testing is typically perfornred to measure the immobiliartion of
contaminants. S/S lechniques can be used alone or combined with other treallnent and disposal
methods to yield a product or matcrial suitable for land disposal or, iri other cases, lhat can bc
applied to beneficial use.'l-hese techniqucs have been used as both final and interim remedlal
measurcs.

Augcr/caisson systems and injector hcad systcms are lcchniques used in soil S/S. Thcy apply S/S
agcnts lo soils to trap or immobilizc contaminants. t

Bouom banicrs arc horizontal subsurface barricrs that prevcnt vertical migration by providing a

floor ol'irnpenncablc material bcncath tltc wasto. Thc installation of a grout injcction bottom barrier
involvcs directiorral drilling with forccd grgut injcction, lmplcmentation of this tcchnology is
highly dcpendent on tlre physical propcrlies ofsoil.

Y t, Sttu l4trlltcutlon (ISV)

In situ vitrification (tSV) is another in situ S/S process rvhich uses an clcctric cunent to rnelt soil or
other earthen tnatcrials at cxlrctnely high tcrnpcrat::;cs (1,600 to 2,000 oC or 2,900 to 3,650 ol.') and
rhcreby irnrnobili:lc most inorganics and deslroy orgnnic pollulants by pyrolysis. Inorganic

Tcchnology I .Descriptlon

Soil, Sediment, and Sludge

!,21uSituPltysieaf /9Jtcnnic-al-[r-ca-tns!t

L l 0 In Situ Solidificatior/
itabilization

Sontaminants are physically bound or enclosed within a stabilized mass (solidific0lion), or
;hernical reactions are induced bctween the stabilizing agent attd contaminanls to reduce thcir
mobiliW (stabil ization).

, ,..!-t r:-;.r'.11
i -;;1r.,,!, 
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4. I 0 Solidification/Stabilization (In Siru)

Synonyms;

Applicability:

DSERTS Codes:

Limitations:

pollutants are incorporated within the vitrified gtass and crystalline rnass. Water vapor and organic
pyrolysis combustion products arc captured in a hood, rvhich draws the contmrinatits into 4 6ff-
ges trcatment system that relnoves particulates and other pollutants from the gas. The vitrification
product is a chemically stable, leach-resistant, glass and irystalline materiat similar to obsidisn or
basalt rock. The process destroys and/orrernoves organic,natcrials. Radionuclides and heavy
rnetals are retained rvithin the molten soil.

The timeframe for in situ S/S is short- to medium-term, while in situ ISV process is typically short-
term.

o

Page2 of6 I
t
I
T

t
t
T

I
t
t
t
T

T

I
I
t
t
I

ffi
and effectiveness of

. Depth of contaminants may limit some types of application processes.r Future usage of the sitc may "weather" the materiais and affect ability to nraintain
inrrnobilization of contarninants.

o sorne proccsses result in a significant increase in volume (up to double tbe original
volunre).
Certain.wastes.are incompatible rvilh variations of this process. Treatabitity studies are
gencrally rcquired.
I(eagentdelivery and effective mixing are rnore difficult rhan for ex situ applications.
Likc all in situ treatments, cottftrmatory sampling can be nrore aifficulitlrai ror ex situ
treatlncnts,
'lhe solidified rnaterial lnay hinder future site use.
Processing of contarnination below thc water table may require dewatering.

a

a

a

a

Data Nceds:

Itcrlrrrnraltcc I)ala:

I r t I p ://www. frt r. go v/m a tfix2 I scctionfi I 4 | 0,liltnl

A dctailcd discussion of thesc data elements- is provided in Eu!sestjg!122J (Data Rcquirements for
Eoil,.Scdirncnt, and Sludge), Data ncects includi particlc rlrr, aTGiur.g-ri*its, lnoistuie content,
lnctal concentrations, sulfate.contcnt,organic content, dcnsity, pannro6ility, unconfined
cotnpres.sive.slrength, lcachability, pll, and rnicrostructurc aialysis. For lSV, a nrinirnum alkali
contcnt in soil (sodiurn and potassiurn oxidcs) of |.4 wtoh is necessary to fonn glass. The
composition of rnost soils is wcll within ths range of processability.

Auger/caisson and lteagenUtnjcctor l.lcad Systerns processes are well demonstrated. can be annliedto the tnost cotnmon sitc and wastc types, requirc conventional rnarcrials-haririi*g-i.{iil,n".],;,,lil"
arc availablc colnpetitively fi'om a nultrbcr of vcnclors. JVlost l'cagcnts and alUitivis 

"'* 
llr" *iOify

available and relatively inexpensive industrial comlnodities,

t1

ffilr$mg
Ml3 (Vitrification).
N I I (Solidifi cation/Stabilizarion)

The target contalninant group for in situ S/S is general$, inorganics (including radionuclides).

The Auger/Caisson and Reagent/Injector Head Systems have lirnited effectiveness against SVOCs
and pesticides and no expected effectiveness against VOCs; howcver, systems desigied to be rnore
cffective in treating organics are being developed and tested.

Th9 ISt process can destroy or rer)love organics and immobiliz-e most horganics in contaminated
sojls, sltfdge, or other earth€n-ntaterials. The process has been tested on a bioad range ofvOCs and

eS?.OCs, other organics inclucling dioxins and PCBs, and on most priority pottutant melals and
radionuclides,

Factors thai may limit the applicabiliry the in situ S/S include:

Ul9t0l
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4. I 0 Solidifi carion/Srabilization (ln Siru)

Cost:

Page 3 of 6

Auger/Caisson and Reagent/Injector Head Systerns processes have demonstrated the capability to
reduce the rnobility of contaminated traste by greatcr thang5Yo The effects, over the long term, of
weathering (e.g., freeze-tharv cycles, acid precipitation, and wind erosion), ground water
infiltration, and physical disturbance associated rvith uncontrolled futuls land usc can significantly
affect the integrity of the stabilized mass and contaminant mobility in ways that cannot be predicted
by laboratory tests.

There have been few, if any, commercial applicarinns of ISV. The ISV process has been operated
for tcst and demonstra-tion putposes at the pilot scale and at full scale at the follorving sites: (t)
9eosafe Corporation's',est site, (2) DOE's Hanford Nuclear Reservation, (3) DOE's Oak Ridge
National Laboratory, and (4) DOE's Idaho National Engineering Laboratory. More than 170 tests at
various scales have been perfonned on a brdad range ofwaste types in soils and sludge. A
demonstration will take place at the Parsons/ETM site in Grand Ledge, Michigan, rvhere f[e
process is cunently operating.

Process depths up to 6 meters (19 ft) have been achieved in relntively homogeneous soils. The
achievable depth is limited under certain heterogeneous condiiions,

Costs for Auger/Caisson and Rcagent/lnjector Head Systems processes vary widely accordirrg to
materials or reagents used, their availability" project size, and chemical nature of contaminants
(e.g., types and concenlration levels for shallow applications). The in situ soil mixing/auger
techniques average $50 to $80 per cubic rneter ($40 to $60 per cubic yard) for the slrallow
applications and $ 1 90 to $330 per cubic meter ($ I 50 to $250 per cubic yard) for the deeper
applications.

The shallo$' soil mixing technique processes 36 to 72 metric tons (40 to 80 tons) per hour on
average, and the deep soil mixing ter"hnique averages I 8 to 45 nretric tons (20 to 50 tons) per hour.

Tle major factor driving the-selection process bcyond basic waste compatibitity is the availability
ofsuitable r€agents. Auger/Caisson and ReagenUlnjector Head Systerns processes require that
potentially la.rge volumes of bulk reagents and additives be transported to project sitc;.
Transportation costs can dominate project economics and can quickly become uneconomical in
cases where local or regional rnaterial sourcgs are unavailable.

The cost for grout injection varies depending on site-specific colditions. Costs for rlrilling can
range from $50 to $150/ft and grouting from $50 to $75lft, not including mobilization, wish
disposal, or adverse site condition expenses,

For ISV, average costs for treatability tests (all fypes) are $251'. plus analytical fees; for pCBs and
dioxirrs, the cost is $30K plus analytical. Equipment nrobilization and demobilization costs are
$200K to $300K cornbined. Vitrification operation cost varies with elcctricity costs, quantity of
water, and depth ofprocess.

Califonria Ilase Closure Environtnental Comrnittee (CBCEC), 1994. Treotnrcnt Technologles
Appllcnfions Milrlxlor lJnse Closure Acllt,illest Revlslon /,'fcchnology Matching process Action
'l'eam, November, D94.

DOE, 1992.Irt Sllu VllrUlcoilon, Technology Transfer Bulletin, prepared by Battelle's pacific
Nonhwest Laboratories for DOII, Richland, WA.

DOE, January | 992. "ISV Plannlng and CoordinH llon," r|/9/ 'l ecluilcql Task trlan antl Tecltnlcal
Task Desulptlon, TIP Reference No. RL-8568-Pl'.

DOE, July 1992.'l16'I/.6A Crib ISV Dentonstratlon ProJect," FY92 ?bchnlcst I'qsk plqn and

I Referenccs:

I
I
I
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4. I 0 Solidificatior/Stabilization (ln Situ) Page 4 of6

Technical Task Descriptiott, TIP Reference No. RL-8 160-PT.

DOE, April 1995. Technologlt Cottrlogue, Seconil Editktrr, Office of Environmental Management
& Office of Technology Development, DOE/EM-0235.

EPA, 1989. Clrcnflx Technologles, Inc. Clrcnical Fixt tiorr/Stsblllzatiott, EPA RREL, series
inciudes Technologv Evaluation, Vol. I, EPAI540l5-89l0lla,PB9l-127696, and Technology
Evaluation, Vol. I I, EPA/540/5 - 89 I 0 | lb, PB90 -27 4 127 .

EPA, 1989. Ha4con Solldttlcolton, EPA RREL, serics includes Technology Evaluation, Vol. l,
EPA/54015-89/001a, PB89-1588!0;l'echnology Evaluation, Vol. II, EPA/54015-89/001b, PB89-
158828; Applications Analysis, EPA/540/A5-89/001; and Technology Dcmonstration Summary,
EPA/540/S5-89/001.

EPA, 1989. IIlT/GeoCon In-Situ Stahiliutiotr, EPA RREL, series includes'Iechnology
Evaluation, Yol.l,EPN540/5-891004a; Technology' Evaluation, Vol. '., EPN540lS-Bgl004b,
PB89-194179; Technology Evaluation, Vol. Iil, EPN540/5-891004c, pB90-269069; Technology
Evafuation, Vol. IV, EPN540l5-591004d,P890-269077; Applications Analysis,EPNS40lAS---
891004; Technology Demonstration Surnlnary, BPA/540/S5-89/004; Technology Demonstration
Surnmary Update Report, EPA/540/S5-891004a; and Demonstration Bulletin, EPA/540/il45-891004.

EPA' 1989. SITE Progrnm Dennustrutlon Tesl Inlernallonnl lloste Technologlcs In Sltu
slabilizatlorr/solitl[icatlon llluleuh, Florlda,Technology Evaluation Report, EpA RREL,
Cincinnati, OH, EPA/540/5-89/004a.

EPA, 1989. Solidltech, Inc. SollrliJicallott,EPA RREL, series includes Technology Evaluation,
Vol. I, EPA/54015-89/005a; Technology Evaluation, Vol. II, EPAl540l5-59/005b;irB90-t 91768;
Applications Analysis, EPA/540/A5-89/005; Technology Demonstration Summary, EpA/540/S5-
89/005 ; and Demonstracion But letin, Ep Al 5 401M5 -ggl005,

EPA, 1989. Stoblllzoilon/Soliditication of CERCLA ond RCRA lyastes: Physlcal Tests, Chenilcol
Tcstlrlg I'rocedures, fechnologlt Screening, und Fleld Acllvltles,EPA, CERL, Cincinnati, OI.I,
EPA/625t6-89/022. ,

EPA, 1990. Interunlionul ll/o1\ Tegluologles/Geo-Con In Slnr Stubttlzattott/Solltlllicatlon,
Applications Report, EPA, ORD, Wash ington, DC, Ep Al S 40 | A5 -89 /004,

EPA, 1993. Solltlillcutlon/Stahilizallon and Its Appllcatlon to lltoste Moterials, Technical
llesource l)ocurnent, EPA, OltD, Washington, DC, EpA/530lfu-93t012.

EPA,1993' Solklficallott/Slablliution of Organlcs and Inorganlcs, Engineerlng Bulletig, BpA,
ORD, Cincinnati, OH, EP Al 54015-9210 | 5.

ryI:A, 1994 ltt-Slur Vltrltlcotlon Geosafc Corporatlon, EPA RREL, Demonstration Buletin,
EPA/540/MR-94/s20.

WA,lD5,ReLueilfutilwltZ& &u!!la$_A!-euu!t!D-e.tetpJ!qLW!Jyq$!tlus.nuuttlAL
AUtltlctliorr,[ede,r-alllelxpdja{en l]slr-o_olsgier-Bp..undob-le,-Bpp_srJ,.npNS.ptXOAppi,

EPA,-l99lJlw-A[uugeaut!-!!r,tc!!ws U-ntLgfit-StlLtrulau-atreltualosles:-Stgseste_d
Opeulatal-Gll4ellues-!u!\4!qtteLa-s-"t.-lr!-t!lo-Tru$ft2qf CotttnLt|u.twtapihte..Ae;i=iit
Actiyllle$,-ElLA-q$1UER,!11415.39.1k2710-0J,

E_!>A, l99l:7 echnologlt Altertrqlv? for lhc Reneillnilon of Sotls Contnnlnoletl ,t'lth As, C4, Cr,
IIg, tutd I,b, Engineering Bulletin, EPA540/R-97/008.
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4. I 0 Solidification/Stabilization (In Situ)

Site Information:

El'A SITE Demo: Hialeah, EI=
litr'A Deme; Cessafe_Tpst_Site,_\UA; HanfordNuclear-Resery4iqn,.!V_A
DOE Dem-o I Llarrfotd.Re-"er:yatisn, WA
ElADrmp:-D ou glastyille.IA
&rssns Chqni-saUElI4-Enlgrprircs-lupedund Srta,-G-ralld Lsdgg,Ml (interim report)
ParseolOhemisgllDlM EnterlrlsesArp-arfund-$iLe,-Gralrd Le-gige,_MI (final report)

Points of Conlact:

Technology Specific Web Sltes:

Vcndor Infornation:

Federal Rernediation Technologies Roundtable, 1995. Rernedlailon Cose Studles: Thernrcl
Desorptiotr, Soll llashing, anil Itr Situ Vitrilicatiort, EPA/542IR-95/005.

r ln Silu Vitrifieatiellat_the Parsons CltqnrcallE lM Enterprjscs_Super_firi{Srte_Gnnd Ledgs.
Miqhigan (interim 1e-ssls)

Federal Remediation Technologies Roundtable, 1997. Renrciliallon Case Strilles: Blorentediillon
and Vitrijication, EP A1542/R-9'l 1008.

. ltSitu v-itrr{isatia!-at the- Pars-ons QheruisallE-lM-Entsrpriees $upe-rfun<l $ite, Q"rand
I=,edgq-Mrehrgan

. In Srtu \4rlufiqadett-U*S-_Drpgrlnent of Enargy"_llanfgld_Site-Brchland, Washingtau-Qak
Ridgs Natianallaboralqry-IilAc-?;-andllanous-eomuelcja! Siles.

Rumer, R. and J.K., Mitchell (eds.), 1995, Assessmenl ol Bnrrier Contsinnrcnt Technologles - n
Comprehensive Trealmenlfor Envlronmental Remedlallon Applicntions, Intenrational
Containment Technolog5l Workgroup, Baltimore.

Wiles, C.C., 1991. Treolment ol Hazanlons lYnsle wllh Sottrttficatlott/Slabllfttttlort,EPA Report
EPAt600/D-91t06t.

Page 5 of6

ite. Riclrland. WA: Oak R
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4. I 0 Solidifi cation/Stabiliz-ation (ln S itu) Page 6 of6

A-list ,o-f reld.o-tspl&r. -i.trg h. Sitr-Pbyiisalrcheinisaf-$oiullcalne.{r-t is available frorn the Vendor Infonnation System for Innovative
Treatrnent Technologies (VlS_l:$) developed by U.S. Environmental prorection Agency (EpA),

Health and Safety:

ffiffi

@@@WWffi
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4.1 7 Chemical Extraction

TypisaI Solvent Extraclion
Ptoqets

Page I

4,L7 Chemical Extraction
(Er Situ Soll Rcncdlrtlon Tcrbnology)

Chemical extraction does not destroy wastes but is a means of separating hazrrdous contaminants
from soils, sludges, and :edinrents, thereby reducilrg the volume of the hazardous waste that must
be treated. 'Ihe technology uses an Extracting chemical and diffcrs from soil washing, which
generally uses watcr or water rvith wash-i:nproving additives. Commercial-scale units are in
operation. 'Ihey vary in regard to the Chemical etnployed, type of equipnrsnt used, and mode of
operation.

Physical separation steps are ofterr used before chemical extraction to gradc the soil into coarse and
fine fractions, with the assurnption that the fines contain most of the contarninatlon, Physical
sepaation can also enhance the kinetics of extraction by separatirtg out particulats heavy rnetals, if
these are prescnt in ths soil.

) Acitl Extraction

Acid can also be used as thc extractant. Acid extraction uses hydrochloric acid to extract heavy s
nletal contaminants front soils. In this process, soils arc first scrcensd to rernove coarge solids.
Hydrochloric acid is then introduced into the soil in the cxtraction unit, The residerrce time in thc
unit varies depending on the soil type, contaminants, and contaminant concentrations, but generally
rangcs bctween l0 and 40 rninutes. Thc soil-extractant rnixturc is continuously pumped out of tlro
rnixing tauk, and the soil and extractant arc separated using hydrocyclones.

When extraction is cornpletc, thc solids are transfcned to tlre rirrsc systen). '[lc soils are rinsed witlr
water to rernove entraincd acid and metals. l'he extraction solution and rinsc watcrs arc regenerated

of5 I
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, Sedinlent, and

Waste contaminated soil and cxtraclant are lnixed in an extractor, dissolving the contaminants.
extracted solution is then placed in a separator, rvhere the contaminants and extrac'cant are

for treatment and further use.

. l7 Chemical Extraction

Figur-e'l--U;
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4. I 7 Chenrical Extraction

Synonyms:

. Applicability:

Lirritations:

Dnta Nccds;

Page2 of5

using cornercially avaitable precipitants, such as sodium hydroxide, lime, or other proprietary
fonnulations, along rvith a flocculent that removes the meiais and reformi the acid. Tlic heavy
metals are concentrated in a- fonn potentially suitable for recovery. During the final step, the ;oils
are dewatered and mixed with lirne and feftilizer to neutralize any residua-l acid.

) Solvetil Extraction

Solvent extraction is a common form of chernical extraction using organic solvent as the extractant,
It is comrnonly used in combination with other technologies, sucii asiolidification/stabilizntion,
incineration, or soil washing, depending upon site,specific conditions. Solvent exhaction atso can
be used as a stand alone technology in some instances. Organically bound metats can be extracted
along with the target or-ganic conlaminants, thereby creating residuals rvith special handling 

- -
requirements. Traces of solvent may rcmain rvithin lhe treaied soil maffix, so the toxicity o?thc
solvent is an important consideration. The treated media are usually retumed to the site after having
met Best Demonstrated Available Technology (DDA t) and other itandards.

The duration of operations and maintenance for chemical extraction is medium-tenn.

I
I.
I
I
I
I
T

t
I
I
I

Solvent exlraction has been shown to be effective in heating sediments, studges, and soils
containing primarily organic contaminants such as pcBs, voCs, halogenateJ solvents, and
petroleum wastes. 'fhe process has been shown to be applicable for tlrJsepaiation of the organi"
contaminants in paint wastes, synthetic nrbber process-wastes, coal tar waites, dritting mud"s, wood-
treating wastes, separation sludges, pesticide/insecticide wastes, and petroleum refine-ry oiiyi"urto.

Acid extraction is suitable to treat sedinents, sludges, and soils conlaminatcd by heavy mctals,

DSERTS Codes: Nl6 (Acid Extraction)
Nl7 (Solvent Extraction)

Factors that may limit the applicability and effectiveness of the process include:

. 99Te soil types ard rnoisture content levels rvill odversety impact proccss performance.c Higher clay content may rcduce extraction cfficiency and-rcquire longer conlact times.r Organically bound metals can be extracted along with the taryet orgaiic potturants, wtrictr
rcstricts handling of the residuals.

o The presence of detergents and emulsifiers can unfavorably inflrrence the extraction
pcrfonnance.

o 'l-races of solvent rnay rclnain in the treated solids; the toxicity of the solvent is an irnportant
consideration.

r Solvent extraclion is generally least effective on very high motecular weight organic and
very hydrophilic subsrances,

r After acid cxtraction, any residual acid in treatecl soil necrjs to be ncutralized.r Capital costs can be relatively high and the technology may be moro economical at larger
silcs.

r Meeting highly stringent heavy metals criteria (e.g,, passing the California wET tcst) mayprove uneconomical.

A dclailed discussion of tlresc.data elcmcnts is providcrt in SUbtCltlOrL2.Z, | (Data l(equircrncnls forSoil, sedirnenl, a_nd Sludge). It ls important to detcnnine wlrertrer riass tiansier ot .q,,iiirriirni'*iii'
be controlling. The controlling factor is critical to the design of the trnit antl to the adtrr,ninnilon ofvrhether the tcchnology is appropriate for the waste,

I lrttp://www, [rtr', gov/ma trix2l section4 I 4 -l T,htntl Ut9t}l



4.17 Chemical Extraction PaBe 3 of 5

Soil properties that should be detennined include particle size; pH; partition coefficient; cation
exchange capacity; organic content; TCLP; moisture content; and thc presencc of metals, volatiles,
clays, and complex rvaste mixtures.

Performance Data: The perfonnance data cunently available are mostly from Resource Conservation Compauy (RCC).

The ability of RCC's full-scale B.E.S.T.TM process to separate oily feedstock into product fractions
was evaluated by EPA at the General Refrning Superfund site near Savannah, Georgig in February
1987. The treated soils liorn this rrnit were backfilled to ,he site, product oil was recycled as n fuel
oil blend, and the recovered water was pH-adjusted and transponed to a local industrial wastewater
tr€atment facilify.

ffiffiffis
Cost estimates for this technology range from $l l0 to $440 per mctric ton ($100 to $400 per ton),
depending on the volume ofsoil treated.

ffiffinq
California Base Closurc Environmental Committee (CBCEC), 1994. Treatnrcnt Technologlcs
Appllcallons Motrkfor Bcse Closure Acllvlties, Revlslun /, Tcchnology Matching Process Action
Team, November, 1994.

DOE,April1995.TcchnologltCulalogue,secondEdltior,OfficeofLnvironmentalManagement
& Oflice of Techirology Dcveloprnent, DOE/EM-0235.

EPA, 1988. Evnluotlon of lhe R.E.S,T,Ti( Solvent Extracllotr Sludge Trcsttneul TcctmologSl
Twenty- Itour II ou r Test, EP N 60012-88lA5 |

EPA, 1988. Technology Screenlng Gulilelor Trealnenl of CERCLA Soils and Slrtttges Appendk,
B,I: Cheuilcol Extractlon, EPA, Washington, DC, EPA154012-881004.

EPA, 1989. Innovilltlc Technologlt: 1i,1i,5,7',T1lt Solvent Extracllon proccss,oswER Dircctivc
9200.5-253F5.

EPA, 1990. CF Sysleus Orgonlcs Exlracilon Process New Deilforil Ilurbor, LlA, Appllcntbns
Atrulysls Reporl, Superfund lnnovativc Technology Evaluation, Washington, DC, EPA/540/45.
901002. Available from NTIS, Springficld, VA, OrderNo. PBgl-1t33845.

L;.PA, 1990. CF Syslents Corp, Solvenl Extractlon, EPr\ I(I(EL, series inclutlcs Tcchnology
Evaluation Vol.l,540/5-90/001;l'echnology Evaluarion Vol. ll,lll'Als40ls-90/002a, pBib-
186503;Application Analysis, EPAl540lA5-901002;and 'Iechnology Dernonstration Sumrnary.
Et,At540ts5r)0t002.

El'4,1990. Solvent Extractlon Trcutmenl, Engincering llullctin, EPA, OI]RR and OIID,
Wash ington, DC, EP hl 54012-90 !0 11,

EI>A, 1993. Terra Klcetr Sulven! Extracllon 'I'ccltttologlt'Ibrra Kleen Resltonse Groap, IncrrEPA
RI( f lL, Dcn onstration Bullctin, IIPA/540/M It -94 | 521 .

f"cdcral ftctncdiation 'l'cchnologlcs l(oundtable, 1998. Rctuullnllon Cnse Slnilles: Iix Sltu S,tll
'I'reulmenl'l'ccltttologies (Blorcurcdhtlott, Solvcnl Dxlracllon,'l'liunnl Dcsorpllun),EPAiS42ll\-
98/011.

. SoJycrtln-t_rsc.tipjt-aillle-$pars-v-qlu-rlslg ll.qnge ltadsfrltalien, Alaska

Cost:

Referenccs:
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4.17 Chemical Extraction

Site Informalion:

. E PA R e t n-q,ve lAeti ou:lab a rd -\{archorr s e PQBo, oK. EPA Rpno-vdSetisu$tau&rd Pestislde5.i_te No,.1, AZ
oEPA_RerUedial4etlrogI'allqe_f o_Wosd_PreSemng,_Se. EPA Rernqyal.Asliqn; PBMinterpdses, MI. EPA_ R pm oyal 4 s t isnl Z_h! cgnerRe fi,n i n g_Com pa4y
. EPA-DemolMidwest, ealiforuia, A_ustralia. EPA LcmslclandlahtmcL&irer_Site-L. EPASlIEDemor &e_searcLEasility.-Edisqn,lg. United_Qreosgling-Conp9,S. D Q E_ p il ot:sc_al e &s t. I d ah d:l atio n a-! _Engirrcpungl-abarctory. S UP ER FUND RellpdlaiAelrqn, AEorybpdRe_fincry eq. BIA_,Sllt E Dsns;Xavll_Au &01_iorr_NsrtIjsla-nd J{pj,. San Die gq, eA
rEPARemqualSslioru__qereralRe&ungC_=qnp_aly-QA
.E['AllenoyalAellsn-Vjneland_Cjemica!_C_qrnpany,-liJ
. EPA ltpmoval-Aqtion; Avter,Irbsn, VA
o EPA & Navy_Demo: EPA Lab, Nj
e EPA Deno; Douglasgville, PA
o DPA Demo
o Star 8nterprigg, Pof_Atlhqr, TX
. EPA l)cmo:-Nqw Bed&rd llarbp-r, MA & QiQomor Site, ME
o Sparrcvohn Long Rangc Radar Station. AK
a

Points of Conlact:

1'echnology Speclfic Web Siles:

Page 4 of5

Raghavan, R., D.H. Dietz" and E. Coles, 1988. Cleanhtg Estcavatetl S:tlt Ilshtg Extractlon Agents:
A stote-of-the-4rt Revlew, EPA Releases control Branch, Edison, NJ, EpA Report EpA 6004-
891034.

i{,glt :g gy pi,n'rn a nrqq,p,i sijte p .., .,, .,, . : 
j

Vcndor Informallon:

A list ol'vcndors offcring lix Sitrr Phy.Sical/Cbclnical Soil 1'rc1lmcnt is availabte frorn the Vendor Infonnation Systcm for lrrnovative
I'rcatrncnl 'l'echnologics (VlSl'l'l) developcd by U,S, linvironmcntal Protection Agcncy (EPA),

i:t lp://www. Iitr.gov/ma lfix2l section4l 4 *l7.htrnl ll19t0l



4. I 7 Chemical Extraction

Health and Safety:

rffi.fiffi

Page 5 of5
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4.1 8 Chemical Reductior/Oxidation

Descriptlon:

l:igurc 4-18:
'l'ypical Chcrnical
Ilcduction/Oxid,rtion Proccss

Sy:lonyms:

Agrplirabllity:

l,inrilatlonr:

4.18 Chemical Red u ction/Oxidatio:r
(Er Sirn Sort Remcdiltlon -t'Flrnologv)

Reduction/oxidation (Rcdox) reacticlns chcrnicatly convert hazardous conlanrinants to
nonhazrrdotts or less toxic cotnpounds lhat arc lnorc stabtc, less rnobile, and/or inert, lledox
rcactions involve tlte transfcr ofcleclrons from onc colrrpourrd lo anottrcr. Specifically, ons reactant

Page I of3 I

I
I
I
T

T

T

l
I
T

T

I
I
I
t
I
I
t
t

is oxidized (loses clcctrons) and^one isreduccd (gains clcctrons), 'llre oxidiiing agcnis rno*f 
- --'

comm.rnly used for trcatmcnt of hazardous contarninanls are ot onc, hydrogen peioxi4e,
hypochloritcs, chlorine, and chlorinc dioxidc. Chernical redox is a full-scnic, well-established
tcchnology uscd for disinfcction of drinking rvater and waslovatcr, nnd it is a colnmorr treatment
for cyattide wasles. Enhanccd syslctns arc now bcing used lnorc frcqucntly to treat conlarninants in
soils.

Chcrnical rcduction/oxidation is a short- to mcdiunr-tcnn tcchnology.

ilntffixilfimH
DSIIIITS Corle: N | 3 (Clremical t(eduction/Oxidation).

ffi
'lltc targct cortatninattt group for chcrnical rcdox is inorganics.'l'lrc tcchnology can bc used but
tnay bc lcss cffcctivc ngainst notrltalogcnalcd VoCo and SVoCs, fucl hyclrocirrbu,rr, ott i p.riiri,t.r,

ryrF ffirfir#

Factors tlrat rnay lirnit thc applicability and effcctivencsg oftlre proccss includo:

Technology Dcscription
ioil, Scdimcnt, and Sludge

li.s..&xSlt,-ft'y*csrc --
14.18 Chcmical
lReduction/Oxidation

ilReduction/oxiaotion ch.rnic s conraminanrsloio-rfii;iffiffiffi
lF:lToundt tltatare tnore stable, lcss utobile, and/or-inert. The oxidizing ag,cnts tnost commonly
llqsed 6re ozone, hydrogen pcroxide, hypoclgorites, chlorine. and chlorinc dioxidc^

lrt{ p ://rvrvw. frtr. go v/rna lrix2 I sectio rr4 I 4 18. htm I Ul9t0l
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4. I 8 Chemical Reduction/Oxidation

Data Needs:

Performance Data:

lleferences:

Sile Inforntntlon:

Page 2 of3

Incomplete oxidation or fonnation of intermediate contaminants may occur depending upon

the contaminants and oxidizing agents used.

The process is not cost-effective for high contaminant concentrations because ofthe large

amounts of oxidizing agent required.
oii and grease in thJmidia should be minimized to optimize process efficiency.

A detailed discussion of these data elements is provided in SubS-9,cliO,n 2.2.1 (Data Requirements for

Soil, Sediment, and Sludge). Treatability tests should be conducted to identiS palalneters such as

watel alkaline nletals, an-d-humus content in the soils; the prcsence of multiple phases; and total

organic halides that could affect processing time and cost.

Chemical redox is a full-scale, well-established technolory used for disinfection of drinking water

and wastewater, and it is a common treatment for cyanide (oxidation) and chromittnl (reduction of
Cr (VI) to Cr (lll) prior ro precipitation) rvastes. Enhanced systerns arc now being used ntore

frequently to lreat hazardous rvastes in soils.

Estimated costs range from $190 to $660 per cubic rneter ($150 to $500 per cubic yard).

Additional cost information can be found in the Hazardous, Toxic, and Radioactive Wastes

(HTRW) Hisrorical Cost Analysis System (HCAS) developed by Environmental Historical Cost

Committee of Interagency Cost Estimation Group.

Califcrnia Basc Closure Environrnental Committee (CBCEC), 1994. Trcntnrent Technologles

Appllcnllons ltlnlrixfor tsasc Closare Activltles, Revtslol I, Technology Matching Process Action

Team, November,1994.

El>A,1993. Lnwrence Llvernnre Nnllonol Lnhorntory Superfinil Slle' Project Summary,

EPA/540/SR-931516.

EPA, 1991. Clrcnilcnl Oxidnlion Trealnrcnl, Engineering Bulletin, EPA, OEITR and ORD,
Washington, DC, EPA/530 l2'9 | lA25'

Mayer, G., W. Bellamy, N. Zienrba, and I..A. Otis, l5-17 May 1990. "Conceptual Cost
Evaluation of Votatile Organlc Compound Trcatment by Advanced Ozone Oxidntlon,"
Seconrl Forunt on innovalive llazarclous lYasle Tieattnent Technologies: Domestic and
Internalional, Philadu'lphia, PA, F.PA, Washington' DC, EPA Report BPA/2'90I0t0.

USAEC, 1997."Calalyzed I'Iy<lrogcn Pcroxklc'Ircattnent oI214r 6-Trlnltrotolucne in Soils" in

Innovulive Technoiogy Denronslrolion, Evalustion ond'li'ansfer Aclivllies, FY 96 Annual Rcporl,

Rcporr No. SFIM-AEC-ET'CR'970 I 3, pp. 77'78.

USAEC, 1997, "ltcmediation of Chenlcal Agent Contamlnatcd Solls Uslng Peroxysulfatcil irr

lnnovotive Technologt Dentonslrallon, Evaluulion and'franster /cth,illcs, FY 96 Annual Reporl,

Reporl No. SFIM-AEC-E f-CR'9'i0 13, pp' 93'94'
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4. I 8 Chemical Reduction/Oxidation Page 3 of3 T

Ir BPA l)emo: C Site, FL
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I)oints of Contact:

Technology Specilic Web Siic:

{
t.
ii

ffiffigffiJfflffi

Vendor lnformation:

A list of vendqts-of&ring EX SiluP[ySic-ali_C]re$LcglSojl Trgalment is available from the Vendor Infonnatiolt System for Innovativc
Treatment 1'echnologies (VlS-![) developed by U.S. Environnrcntal Protection Agcncy (EPA).

Ilealth and Safcty:
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4.20 Separation

Description:

F igvre 4 -2Q: Typipal Sravity
Separation Systctn

http://www, frtr. gov/matrix2/sectio n4 I 4 
-20,l'intl
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Ex situ ieparation can be perfonned by rnany process€s, Cravity separation and sieving/physical
scparation are two well-developed processes that have long been primary tnethods for treating
municipal wastcwaters. Magnctic separation, on the othcr hand, is a ntuch newer separation process

that is still being tested.

Y Gravtty Sepsrotlort

Gravity scparatiorr is a soli<Vliquid scparation process, whiclr relics on a density differenco between
thc phascs. Iiquiprnent size and cffcctivcness ofgravity separation depends on the solids settling

'rclocity, which is a function of the particles size, density difference, fluid viscosity, and paflicle
conccnlration (hirrdcrcd settling). Gravity separation is also uscd for rernoving irnrni$cible oil
phascs, and for classification whcre particles ofdifferent sizes are scparatcd. lt is oftcn preccdcd by
coagulation and flocculation to increase particle size, thereby allowing rcmoval of finc particles.

Y Ittugnettc Separatlon

Magnetic scparation is used to cxtract slightly tnagnctic radioactive particlcs from host matcrir"ls
such as watcr, soil, or air. All uraniuttr and plutonium cornpounds aLc slightly magnetlc whilc most
host materials are nonmagnctic, 'l'he process opcrates by passing contarninatcd fluid or slurry
through a Inagnetircd volurne. 'l'lrc rnagnetiiucd volurne contains a magnetic rnatrix rnatcrial suclr as
steel wool that extracts the slightly rnagnetic contantination particles from the slurry.

Y olevlttg/t'ltyslcol Scporallot,
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4.20 Separation
(Er Silo Soil Remedirlion Technology)

@ffiffiffiwffi

I

Teclrnolosy ll Description

ioil, Scdinrent. and Sludge

l. 5 E r Si tq lllr y_sj gailClgltt i c a I Tr_c a t ttt-Q tt
{.20 Separation ieparation techniques concenlrat€ contaminated solids througlt physical and chemical tneans.

I'hcse proccsscs scck to detach contaminants from their mediurn (i.e., the soil, sand, and/or
rinding rnaterial tirat contains thent).

Ut9t01
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4.20 Separation

Synonyms:

Applicability:

Limitations:

I
I 

Data Nceds:

Perforrnance Data:

Cost:

Page 2 of 4

Sieving and physical separation processes use different size sieves and screens to effectively
concenlrate iontaminanls into smaller volumes. Physical separation is based on the fact that most

organic and inorganic contaminants tend to bind, either chemically or physically, to the fine (i.e''

cliy and silt) fraition of a soil. The clay and silt soil particles are, in tum, physically bound to the

coi..et sand and gravet particles by compaction and adhesion. Thus, separating tho fine clay and

silt particles from the coarser sand and gravel soil pafiicles would effectivel,v concentrate the

c.oniaminants into a smaller volume of soil that could then be further treated or disposed.

,
a

The target contaminant groups for ex situ separation processes are SVOCs, fuels, and inorganics

(including radionuclides). The technologies can be used on selected VOCs and pesticides. Magnetic

ieparation is specifically used on heav,v metals, radionuclides, and magnetic radioactive particles,

such as uranium and plutoniurn compounds.

Physical separation often precedes chemical extraction treatment based on the assumption that most
of the contamination is tied to the finer soil fraction, which alone tnay need to be treated.

Separation is also useful when ireavy metal bontarninants occur as pafiiculates (e.g., il small-arms
ranges). One advantage ofphysical separation progesses is that high throughputs can be achieved

with relatively small equipment.

Factors that may limit the applicability these processes include:

. Fligh clay and moisture content will increase treatment cost'

. Gravity separation processes rely on a difference in the solids and liquid phase densities.

Specific gravity of particles will effect scttling rate and process efficiency. Additionally,
settling velotity is deperrdent on the viscosity of the suspending fluid, which must be known
lo estimate process efficicncy and to size cquipment,

o Special measures rnay be rcquired to mitigate odor problems, resulting from organic sludge
that undergoes septic conCitions.

ffiffilrffitrffi
A detaifed discussion of data elements is provided in Subseeli0n2..2,1.(Data Requirements for Soil,
Sediment, and Sludge), In addition, particle size distribution; soil typc, physical form, handling
propertics, and moisturc content; contaminant type and concenttation; texture; and organic content
need to be investigated,

ffiffi
Gravity separation ancl sieving/physical separation are full-scale, well-established technologies
used mostly for trcatment of wastewater and contatninated soil, sediment, and sludge. Magnetic
separation is a prornising new technique used to remove radioactive contatninants frorn soils. It has

recently been tested at the bench-scale level at DOE sites.

' trrfitf;ffififfi

NA

Additional cost infonnation can be found in the I'lazardous, Toxic, and Radioactive Wasteg

011'RW) llistorical Cost Analysis System Q-fCAS) dcveloped by Environtncntal Historical Cost
Committce of Interagency Cost Estilnation Group.

ffiffi
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4.20 Separation

Ile[erences:

Site Information:

.Los-@ANL)

. .DOEJen-qr INEl,lD. ELA _DcmolLqx_M_ountain M hqlit_e_-CA

Poinls of Contact:

'Ieclrnology Specific Web Sites:

ii,": ': ",:.

.;1;;1:1)1iii".

llealth and Safetyl

h t t p : //w ww. fr t r. go v/nt a trix2 | secti ott4 I 4 -20,hlml
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Battelle Mernorial Institute, 1995. Reopt. V3,I,by Battelle lviernorial Institute for DOE under

Contract DE/AC06I76RLO I 830.

Coyne Prenger, 1995. Htgh Grodient l{rynetie Sepsrotiotr (HGI{S), Los Alamos National
Laboratory (LAN L), L ALP -9 4 -264.

DOE, April 1995. Technologlt Catalogue, Second Edltiott,Office of Environmental lvtanagemcnt

& Offrce of Technology Development, DOEiEM-0235.
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Feed Well
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4.21 Soil Washing Page I of4

4.21Soil Washing
(Er Situ Soil Rcmcdhlion Techtrologlf)
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Descriplion:

Figure 4-21: l'ypical $oil
Waslring Procgss

Soil washing is a water-based process for scrubbing soils ex situ to rernove contarninants. Thc
process relnoves conlarninants frorn soils in'one of two ways: 

.
o By dissolving or suspending them in the wash solution (which can be sustained by chernical

manipulation of pI'I for a period of time).
r By concentrating them into a smallcr volume of soil through pafticle size separation, gravity

separation, and attrition scrubbing, (similar to thosc techniques used in sand and gravel
operations),

Soil u'ashing systems incorporating most of the removal techniqucs offcr thc grentest prolnise for
application to soils contaminatcd with a wide variety of heavy melal, radionuclides, and organic
contaminants. Commercialization of the process, however, is not yet extensive.

'l-he concept of reducing soil conlamination through the use of particle size separation is based on
the finding that rnost organic and inorganic contarninants tend to bind, either chcrnically or
physicrlly,,So clay, silt, and organic soil particles. The silt and clay, in tum, are attached to sand and
gravel particles by physical processes, prirnarily cornpaction and adhcsion. Washing proccsses that
separate thc fine (stnall) clay and silt particlcs from the coarecr sand and gravel soil palliclcs
cffectively scparate and conccntrate thc contaminants into a smallcr volurne of soil that can bc
further lrcatcd or disposed of. Cravity scparation is effective for removing high or low specific
gravity particles such as heavy rnetal-containing cotnpounds (lead, radiurn oxide, etc.). Arritlon
scrubbing rernoves adherent conlarninant films from coarser particlcs. l{owcvcr, attrition washing
can incrcasc thc fines in soils processed. lhc clean, larger fraction can be returncd to tlrc site for
continued use.

Technology Description

Soil, Sediment, and Sludge

].S.--Ex,5 i t r r P h ys i c a l/ C I re n i c-al T rea lru 9 n L ( a s-s u dn C sx-q ay a { i o !!)

{.21 SoilWashing
I

llsystcm on the basis of parlicle sizc. The wash water may be augnrented with a basic leaching
llagent, surfaclant, pH adjustment, or chelating agent to help remove organics and heavy metals.

h tt p ://www. frt r. go v/rn a trix} | secti on4 | 4 2l,html llt9l0l



4.21 Soil Washing

Synonynrs:

Applicability:

Limltations:

Data Necds:

I'crformance l)ata:

Page? of 4

Cornplex mixture of contaminants in the soil (such as a mixture of metals, nonvolalile organics, and
SVOCs) and heterogeneous contaminant cornpositions throughout the soil tnixture rnake it difiicult
to formulate a single suitable rvashing solution that will consistently and reliably removc all of the
different types ofcontaminants. for these cases, sequential washing, using different rvash

fonnulations and/or different soil to wash fluid ratios, lnay be required.

Soil rvashing is generally considered a rnedia transfer technology. Thc contaminated water
generated froln soil rvashing are treated with the technology(s) suitable for the contarninants.

The duration of soil ivashing is typically short- to mediurn-tenn. '

W
DSERTS Codc: Nl5 (Soil Washing).

ffiffi
The target contaminant groups for soil washing are SVOCs, fuels, and heavy rnetals. The
technology can be used on selected VOCs and pesticides. Thc technology offers the ability for
recovery of mctals and can clean a wide range of organic and inorganic contatninants firom coarse-
grained soils.

FiEEMffif,
Factors that may limit the applicability and effectiveness of the process include:

o Cornplex waste miitures (e.g., nretals with organics) make formulating rvashing fluid
dif{icult.

r lJigh humic content in soil nray require prctreatment.
. The aqueous strearn will require trealment at demobiliintion.
. Additional treatment steps may be required to address hazardous lcvels of washing solvent

rcrnaining in the trcated residuals. I
. It Inay be difficult to rernove organics adsorbed onto clay-size particles.

A detailed discussion of these data elements is provided in Sub$gtj.an_2,2-J (Data Requircrnents for
Soif , Sedirnent, and Sludgc). l'article size distribution (0.?.4 to 2 mm optirnum range); soi! type,
physical fonn, harrdling properaies, and lnoisture content; contaminant type and conceniration;
texturc; organic conlent; cation cxchan ge capacily; pi-l and buffering capacity. A colnplete bench
scale trcatability study sltould ahvays bc completed before applying this technology as a rcmedial
solution.

At thc prcscnt tirne, soil washing is used extensively in Europe but has lrad lirnited use in thc
United Statcs. During 1986-t989, the teohnology was ong of ths selectcd source control remedies at
eight Superfulrd sites.

Soil waslting providcs a cost cffective and environlnentally proactive alternative to stabilization and
lanclfilling,'l'wo pilot scale detnonslrations were carricd out at Fort Polk, l.ouisiana in 1996,'l'hese
ernploycd comrnercially availablc urtit processes - physical separaiion/acid leaching systcms. The
system ernploycd acctic acid as thc leaclring agcnl, and thc othcr, hydrochloric acid, Input soil lrad
a fead content of approxirnatcly 3500 ng/kg, Thc hydrochloric acid system was lnost cffectivc.
Proccsscd soil had total lcad concentration of 200 nglkgand TCLP leveis for lead of
apprcrxitnately 2 nglL. The througlt put rate was approxirnatcly 6 tons pcr hour. Choice of acid
lcaching agent is a function ofspecific soil clrernistry and dcgree ofsoluhility required.
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4.21 Soil Washing - Page 3 of4

ffiffiffim
Tlie average cost for use ofihis technology, including excavation, is approximately $170 per ion,

depending on site specific conditions and the target waste quantity and concentration.

ffiffiK
Batteile, 1997. Phl'slcal Sepnration and Acld Leaching: A Denrcnslrstlon olSnoll-Anns Range

Remediotlon at Fort Polk, Loaislona. Finat report prepared for Naval Facilities Engineering

Scrvice Center (NFESC) and U.S. Army Environmenlal Center under contract with NFESC, Port

Hueneme, CA.

Battelle, 1997. Pttysical Seporofion ond Acld Lerching: A Dennnstrntion of Smnll-Anns Runge

Renredlallon at Forl Polk, Loulslanu.lmplerrentation Guidance l{andbook. Prepared for Naval

Facilities Engineering Service Center (NFESC) and U.S. Army Environmental Center under
contract with NFESC, Pofl llueneme, CA,

BDM, 1997. Denonstrslion ol Physlcal Sepnrolion/Lcacltlrtg Mclhotls lor th Remedlollon of
Ilenvy ltletals-Contmfinoted Solls il Snwtl-Arnts Ronge Flnal ltryorl. Prepared for U.S. Anny
Environrnental Center (USAEC) and Naval.Facilities Engineering Service Centcr trnder contract

with USAEC, Aberdeen Proving Ground, MD.

BDM, t997. Demonstruilon of Physlcnl Separollorllerchfug Methotlslor the Rcnrcdlatlon ol
Ileuy Melols-Conlnnilnnted Solls il Snnll-Arna Rnnge lltorlilwlde Search Report, Prepared for
U.S. Army llnvironmenlal Center (USAEC) and Naval Facilities Engineering Service Ccnter under

contracl with USAEC, Aberdeen Froving Cround, MD.

California Basc Closure Environmental Comrnitlee (CBCEC), 1994. Treolntenl Technologles
Appllcatlons ttlilrkfor Dnse Closure Acfitlllcs, Rctlshn /, Technology Matching Process Action
Team, November, 1994.

EPA, 1989. Inuovafive Technologl': Soll llloshlng, OSWER Directive 9200.5'250FS.

EP A, 1989. Solls ll/oshlng Technologlcs for: Conryrehenslve Envlronnenlul R esponse,

Conryensillon, ond Lfublllly Acl, Resource Conscnnilon anil Recovery Acl, I.eoklttg
Underground Slorage Tanks, Silc Renrclluliott.

llPA, 1990, Soll ll/ashlng Trcolntcnl,lingincering Bullctin, IiPA, O[:)RR, Washittglon, DC'
ItPAl54012-90/017. Availablc fiom NTIS, SpLingfield, VA, Ordcr No. Pl]91-228056.

EPA, 1991, Illotrol ,9oll llltsltlttg S1'slen, EPA RRDI., series includes 'Iechnology Evnluation Vol.
l, DI'A/540/5-91/003a,1\1192-l15310; Technology livaluation Vol. ll, l'arl A, EPA/540/5-911003b,

I>1t92-l15328;'lcchnology livaluation Vol,'ll,l'art B, ti,PAl54015'91,003c, Pl]92-l15336;
Appf icarions Analysis, ItPAl540lA5-911003; 'l'cchnology Dcrnonstration Sumrnary, llPA/s40/S5-
9l 1003: and l)crnonslration Ilullctin, EP Al540lM5-9 | 1003.

liPA,1992, A Ctllzen's Guhle to Soll ll/trsltlttg, nPn, OSWlllt, Washington,DC,F.PAl542lI:-
921003.

ErA,l9c)2. Bcrgnmnn USA Soll/Scillmanl llnshlng,|yslem,llPA RREL, Dcnronstration llulletin,
t\'A1540/Mll-921075.

EPA, 1993. Ilcscorp,Soll ll/ttshlrtli Stslent llntlcr.y i?nluprlses Slte llrlce Envlronnrcnlnl Servlccs,
lnc,, EP A RllEl,, l)cmonstration Bullelin, EPA/s40/lvllt.931503.

EPA, 1993, Rlogenesl,s Soll ll'nshltrg Technology,llPA RRlil.,, scrics inclirckrs Dcmonstralion
Iluf letin, El,Al540lMlt-911510; Innovativc'fechnology llvaluation Report, llPAl540/ll-93/5l0; and

I cost:
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4.21 Soil Washing

Site Inforrnation:

. Ft. Polk, Ld
r Tu'in e.rties4AP, New Blgblsn, M-N-
o E_I'A D,emo-LSanta Maflg.-qd
r A-l-rry S-4giuavt !l ay-9olfrrned Di sp!$-ql-EgSifi ty.r\'t[
.D_eE-.Dems-rC_lcj,rrsatrllshnual!,.exlse=$e
. EPA& DO4-ttenrq;-MsJllLglau,jVell8lange & Glen-!-ttdea-$itss-Nl
.EP_rtl)euslasi:o.ule.Igjt!.lndu$da!_D_btric_t_Cgrsda
. r1 uuy-D-eltei-lasntrt-enle-4-nlyp-erst'.94. I) Oi-D-ensilcrnal d-Si!c,.QlI
,liIiAJ)emqA.!.ask_a_B,altery_&Lterprt&e.Sup,e.rfudSiLc,AK
. EfAD-erno;-l&s(iil
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Site Technology Capsule, EPA/540/SR-93/5 I 0.

EPA.1997. Best fi{anssenenLlueliees$nfnil!'or SpilTtestuetllJ?ellaaleries:6sSge;led
Qp-ercliells!-alliddlttts-telze,yeLgrets"lnedlsluuslct of0otriswiau.t-t-s-Dtlriryekslr'UE
$ctiulie.s,EPA_O._S'gE_&!I,1/_5.3_0.1&97Oq7=

Federal Remediation Technologies Roundtable, 1995. Rcnelinllott Csse Stadies: 'fhunol
Desorption, Soil lltashhtg, and In Situ Vitrifcotiort, EPA/s42lR-95/005.

. $qilWaslilng-at-tbl King o-flrussia Technical Corpor,alion Supetfurtd Site' Whs-loU

Ig:y tp.h-i p, l'l E_tI. I9t.' ey

Raghavarr, R., D.I{. Dietz end E. Coles, 1988. Cloanlug Evtuuluil Sall Uslttg Ltlrncllnn lgents:
A State-of-the-Ar( Revletr EPA Report EPA 600/2-89/034-
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4.24 Solidilication/Stabilization(Ex Situ)

Ilcscriplion:

lt, wfu,ni :l

W,TJ
l:igurc 4-24:'l ypical l:x Situ
Solidification/ stabi lizrtion
l)nrtc,t$ lrf ow Diag,r.aut

4.24 Solidification/Stabitization
(El liitr Soil RcEcdirtioa Tchnology)

As for in situ solidificalion/stabilization (S/S) (sec'l'cclurology_!'lefilo-L|q.,4,!0), ex situ S/S
contalninanlg arc physically bound or cncloscd rvithin a stabiliz;:d mass (solidification), or chcrrricul
reacliolrs arc intluccrt bctwecn the stabilizilrg agcnt and contiuninanls lo rcduce their mcbility
(stabilization). Iix situ S/S, horvcvcr, typically rcquires disposal of thc resultant matcrials. Under
CIlRCl,n nratcrial can bc rclrlaccd on sitc.

1l -.e arc nrany inrroyations in llrc stabiliz.ation and solidilication tecltnology. Mosl of thc
inr,,.vations arc nrodrficatiorrs ofproven proccsscs and arc dircctcd to cncnpsulalion or
ilnmobiliz.ing llrc harrrrful constiluerrls antl involvc proccssing of tlrc rvaslc or conlaninaled soil.
Nine distinct innovative proccsscs or groups of proccssrs include: (l) biturninizalion, (2) cnrulsificd
asplraf t, (l) rnodificd sulfur cclnclrt, (4) polyctlrylcnc cxlrusion, (5) ltozttrl.anlPortlond ccrncnt, (6)
radioactivc wastc solidificatioir, (7) sludgc stabilization. (8)solublc plrosphalcs, and (9)
vitri ticatiol/moltcn glass.

'l'ypical cx silu S/S is a slrort- to rncdiunr-tcrnr technology.

Y Illtunilntzatton

In llrc bilunriniz,lrtinlr proccss, rviteics arc elnbcddcd in lttoltcn triturucrr alrd cncopsulatcd whclt thg
biturnen coolr. 'l lrc proscss cotrtltiltcs ltcntcd bitrrrrtcn and a conccnlrtlc of llrc rvnstc, tnnicrial,
usually in slurry fonn, in a ltcalcd cxtrudcr cont''titting scrcws lhat rnix thc bitunrcn and waste.
lVater is cvaporatcd fiorn tlre rnixlure lo about 0.5% rnoisturs.'llrc finsl pioduct ir a hontogcnouc
rrrixlurc ofcxlludcd solids and bilurnqrr.
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Er Silu I ll rcolncnl (assu nt ing crca-v-aliug

are physically bound or enclosed within u stabilized tnass (solidification), or
reactions are induccd bctrvecn thg stabilizing agent and contanrinants to reducc lhcir
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4.24 Solidification/Stabilization @x Situ) Page 2 of6

Y EnwtsiJied Asphalt

,{sphalt ernulsions arevety fine droplets ofasphalt dispersed in rvater that are stabilized by
chenical emulsiffing agents. The emulsions are available as either cationic or anionic emulsions.
The emulsified asphalt proc€ss involves adding emulsified asphalts having the appropriate charge
to hydrophilic liquid or semiliquid rvaslcs al ambient temperature. After mixing, the emulsion
breaks, the rvater in the rvaste is released, and the organic phase forms a continuous matrix of
hydrophobic asphalt around the wastc solids. In some cases, additional neutralizing agents, such as
lime or rypsum, may be required. After given sufficrent time to set and cure, lhe resulting solid
asphalt ltas the rvaste uniformly distributed throughout it and is irnpermeable to watcr.

7 uoailrd sn[ur Cencnt

Modified sulfur cement is a cornmercially-available thermoplastic rnaterial. It is easily rnelted (t27r
lo l49o C (26C' to 300o F)) and lhen mixed rvith thc waste to fonn a homogenous motten sluny
whfth is discharged to suitable containers for cooling, slorage, and disposal. A variety of comnron
mixing devices, such as, paddle mixers and pug mills, can be used. The relatively low tempcrr,tures
used limi! emissions of sulfur dioxide and hydrogen sulfide lo allowable lhreshold values.

Y Potyethytene E-rtruslut

The polyethylene extrusion process involves lhe mixing of polyethylene binders and dry rvaste
materials using a hcated cylinder conlaining a mixinfransporl screw. The heated, honrogenous
mixrure cxits the cylinder through an output dic into a mold, where it cools and solidifies.
Polyelhylene's properties produce a very slable, solidificd product. Thc process has been testcd on o,

nilrate salt waslcs al plant-scale, establishirig its viability, and on various otlrer rvirstcs at the bench .
and pilot scale.

7 Paznlan/Poillanil Cenenl

PozznlanlPotlland cemenl process consisls prirnarily of silicates from pozzolanic-based niatcrials
like fly ash, kiln dust, pumice, or blast fitmacc slag and cement-based matcrials likc Portlund
cemenl. Thcse matcrials chemically react rvith waler lo form a solid cemcnlious matrix which
improvcs the handling and physical charactcristics of thc rvastc. Thcy also raise lhe pl I of thc watcr
rvhich may help prccipatale and irnmobiliz.e somc lreavy rnelal conlaminanls. Poz.zolanic antl
cement-based binding agents are typically appropriale for inorganic conlaminanls.'[hs
effectivcness ofthis binding agcnt rvilh organiu contarninants varies.

Y R ut I oactlve ll'asle,9 olltllllca I lo tt

ln radioaclivc tvastc soliclification (Orouting/Otltcr) lrcalrnenl, solidificntion additives arc use6 lo
folm a unibnn and stable matrix lo cncapsula(e radioactivc wastc nratcrinls. Assernblics includc
pumps for liquids or slunies, conveyors for sludges or sollds, stcrage silos, weigh fccders, piping,
nrixcrs and clisposal or slorag,e.

Y Shrlge Stnhlllzatlou

'fhe slrrdge stabilizltion proccss is thc addition of a reagcnt, cithcr slags or cclncnlitious ltatcrinls,
to siudgc lo lrarrsfonn lhc lnatcrial so that tlrc hazardous constilucnts orn in lhcir lcnst nrobltc or
toxic form, Sludgcs rvhich lcach heavy mclals or olher conlaminants arc oflcn stabilizcd to
immobilizc the hazrrdour conEtitu0nls.

b,fotrrhte I'hosphntcs

'Ile solublc pltosphalcs pBr"r, involvcs tlrc addirion of various fornrs of phospharc and alkuli for
control of pll as well ns for formation of colnplcx rnctal nrolcculcs ot'low.solubility to inrrnobllizo

htt gr://wwrv, f ilt',gov/rnitlrix2l section4 I 4 -.24,|$nl lil9t0l



Synonyms:

Applicability:

Linilations:

DSERTS Codc:

4.24 S olidi{rcation/Stabi lization (Ex Situ) Page 3 of6

(insotubilize) the metals over a wide pH range. Unlike most other stabilization processes, soluble
phosphate processes do not convert the waste into a hardened, rnonolithic mass. One application of
soluble phosphates and lime is in stabilizing f1y ash by immobilizing the lead and cadmiun in the
ash.

Y Vn[ic ati o ty'I*Iolte n G I oss

'. 
,:'Hifxx:?"TJ:H'fliJT,:,ffiffi::L',:'J:'1ffi::ti*::'l;i',J!'mr[:i'"Tl:fr[ iiiflo"'
tenrperatures destroy auy organic constituents rvith very ferv byproducts. Materials, such as heavy
rnetals and radionuclides, are actually incorporated intc the glass structure rvhich is, generally, a

relativeiy strong, durable material lhat is rcsistant to leaching. In addition to solids, the waste
materials can be liquids, wet or dry &udges, or conrbustible materials. Borosllicate and soda-linte
are the principal glass fonncrs and provide the basic matrix of the vitrified product.

ffiEnffiEfl
tr4l3 (Vitrification)
N I I (Solidifi cation/Stabilization)

ffiffi
The target contaminant group for ex situ S/S is inorganics, including radionuclides. tr{ost S/S
tcchnologies have litnited effectiveness against organics and pesticides, except vitrification which
destroys most organic contaminants.

trffi-'trffirffiffi
Factors that rnay limit the applicability and effectivcness of the ploccss include:

r Environmental conditions rnay affect the long-tenn immobilization of contaminants.
r Sonte processcs result in a significant increase in volurne (up to double the original

volume).
o Cerlain wastes are inconrpatible with differcnt plocesses, Trcatability studies are gcncrally

required.
o Organics are generally not imrnobilized. rr Long-tcnn effectiveness has not been demonStratcd for many corrtarninanUprocess

cornbinations.

I)ata Nccds: A dctailed discussion of lhcsc data elcrnents is provided in Subsectio[ 2,?,1 (Data llcquircments for
Soil, Scdilncnt, and Sludgc). Soil paratncters that must be detennincd include particlc sizc,
Atlcrbcrg, lilnits, rnoisture content, nretal concclrlrations, sulfale contcnt, organic conterrt, density,
permeability, unconfittcd contpressive slrcngth, leachability, rnicroslructurc analysis, and physical
and clrcrnical durability.

I'crfirrlrtancc I)ala: 'l1rc pcrformalrcc of cx situ S/S is depcndent on the type of S/S process used.

DOD has dcmonstrated lhe Polycthylenc Encapsulatlon of Radionuclides and l{eavy Mctals
(PEF.M) proccss at the bcnclt scale. 'l'he proccss is a wastc Lreatrnent and stabilization technology
for higlr-lcvel rnixed wasle. Spccific targctcd contarrrinants includc radionuclidcs (c.g,, ccsium,
slrontiutn, and cobalt), and toxic nrctals (c.g., chtorniuut, lead, and cachniuln). Scalc.up frorn
bcnch-scalc tcsts ltas demonstratcd thc fcasibility lo process wasto 0t approxinrately 2,000 lb/hr.
'fhe scalc-u1t fcasibility tcsts have succcssfully dcmonstratcd thc potcntial to cncapsulate at least 60
wlo/o nilrnle salt in polyethylcnc, Polycthylcnc wasta fonns have bccn demonstrated to cxcecd
Nuclear l{cgulatory Cotntnission, EI'A, and Dcpartrncnl of Transportrrliorr rvas(c fonn criteria,
Wastc lbtrns containing up to sevcral thousand pprn of toxic-lnclal contaminants have passed thc
El'A's I-CLP.
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4.24 Sol idifi cation/Stabilization (Ex Situ)

Cost:

References:

Page 4 of 6

DOE also demonstrated the arc mclter vitrification process, rvhich is capable of melting soil and
metSls, pyrolizing or oxidizing residual organics, melting structural meials from rneltei'slag (silica
ard metal oxides),.and partitioning transuranic (TRU) rvaste into stag phase, Durability tesis wirh
the resultant slag showed-an approximately order of magnitude reduJtion in leachabilily rvhen
compared with highlevel borosrlicate glass.

ffiffiftffiffi
Ex situ solidification/stabilization processes are among the most rnature remediation technotogies.
Representative overall costs from more than a dozen vendors indicate an approximate cost oflnder
$l | 0 per metric ton ($ 100 per ton), including excal.ation.

Battelle Memorial Institute, 1995. ReOpL V3.I,by Battelle Memoriat Institute for DOE under
Conlract DUAC06/76RI-O I 830.

Bricka, R.M., et al., 1988. An Evilutrllon of Stobttizntion/Solfulificotlon of F{uhltzed Bed
Inclnerafion Ash (K018 and Khst), usAE-wEs rechnical Report Et -gli-24.

California Base Closure Etrvironmental Cornmitlce (CBCIIC), 1994, Trcilmenl Technologles
Appllctttlons Mnlrlxlor Base Closure Activilies, Ilevislon 1, Technotogy Matching proceis Action
Team, November, | 994.

D^OE' 
_1223. 'I'echnologyName: Potyethylene Encapsulation",'l'echnotogy Infonrration profile

(Rev, 2) for ProTeclr, DOE ProT'ech Dotobose, T'I'p lieference No. BH-32 D0l .

?qE' l9:j. Technologt Colllogne, Second Edltlol, Office of Environmenlal lvlanagement and
Office of Technology Development, DOE/EM-0235.

EPA, | 989. cheryIb reclmologles, Inc, chenical Flutrtton/stoblllzntlotr,llpA RREL,
1'eclrnology Evaluation Vol. I, EPA/54A6-8910lla,PB9l-127696; and't"echnology Evaluation
Vol, ll, EP Al 540/ 5 -89 /01 lb, PB90-27 4 lZ7.

EPA' 1989. Ilarcon Solltlficotlon, EPA RREL, series includes Technology Evatuation Vol. I,
EPAt540t5-89l00ta, pB89-1188!g; Tcchnology Evatuation Vot. II, EIAA40/5-89/001b, pBCb-
158828; Applications Analysis, EPAl540lA5-89/001; ancl'lbchnotogy Dernonstration Summary,
EPA/540/S5-89/00 I .

EPA' | 089. Sollillech, Inc, Solfulltlcollon,ElA RIIEL, series inctudes Tcclrnology Evallation Vol.
I, EPA/540/5S-891005a Technology llvaluation Vol.ll, EPA/540/sS-89/00Sb, pdqO-r9i768i' '-"
Applications Analysis, EPAl540lA5-89/005; Technotogy Demonstration Sumrnary,EpA/S401SS-
89/005; and Demonstrarion Bulletin, EP NS40lMS-Sgl60S.

EPA, 1989, Sttrblllzntlon/Solklficntlon of CERCLA cnil RCRA tt/astes - physlcnl T'ests,
!!ctylcnl restlrrg ltrocelures,'fecltnology scrccttlng anil li'lelil Actlvllles, EpA, oRo, 

'
washingron, Dc, EI' A162516-89 /022.

EPA, 1992. Slllcatc Tccllyyolgt:t Corporntlon Sotltlllcntlott/Stoblllzrlt9n tf organtc/Ittorganlc
Cotttuntln(nls, EPA RREL, I)ernonstraliorr llullcrin, EPA/540/tvtR -9zlTl0: Api;l;.oti,iru inaivrir,
EP A / 5 40 / AR-92t0 | 0, PB93 - l7 294 L

EPA, 1993, SolltlffIcullott/Slnblllzrttlongnil I* Appllcatton to llroste l{nterlals,Technical
Ilcsource l)ocumcnt, llPA, ORD, Washington, DC, Epnls30 /R-93/012,

liIA,1993. Solldlllcntlott/Stn!!tllrltg: y{Orgonlcs aul Inorgnnlcs, Engincering Bulcrin, EpA,
ORD, Cincinnati, Ol'f , F!, Al 540/3-92/01 S.
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4.24 Solidification/Stabilization (Ex Situ)

Site Information:

' [,I]A SITE Dp_tne llobins r1-[:8, Ma!-g-o,-C,A
e EP A SITE Derno: Scltna lte-srure-trcaling S.plmq,-CA
o EPA SITE.I)pltp llorlable Equlp,Salvagc Cq. Clackama.g,-O3
o Na vy Denr o; No-vgl-Cqll $ t. B a!lql-i-o-L 9!r, I"lorl I Iu e ngD-,e,-CA
. Irrrperial Ojl Co.1Cham,riq,1.gJ1.c,tn-iealC-q.-$up,sifuttd.Sitc Mojganville, NJ
. Srnall Arrns l{ange, Naval A-ir Stttioll Maypot-l,-LL
r p4vis;!{ontltiUI_AIIB

' DOi t)prnpt Solt_f.ake-Qily l(cssqlel!-QsDtc!:
r I) o- J D c nLo; Albary- Nl-c t a! | urgy--B.escatc-lr Q-cltel -( )I!. El.A&-D-QE-D-eulo;-qo-r.0p-alieJllD--qy-plspitreil--&--lttlpgra!Lorliaqj]Lty,-MI
r NEL Dsrnsl N1\$ NerhJsla.nd,hslallatiel l-lestqraliqn (lli) Sitp-l-1, CA.
r ll nv itqc alc o,f 

-U-! 
alt,,.! rr-s. - S4|,!-Lakc -C!y.-Uto h

r DOE's Porlsrnoulh Caseous Diffusion l'}lant, X-23 lll Uttil, [i[9.!o11--Oll

.

I'oints of Contact:

FXA, \9-94-ltwsurtiue:gte-llgts4tsgea^feslwlpg4l.elid,ifipstiltt6tubilizsld04Jsl.-4.EPA
9=S-w E R 5 42 ts -eA!-00.L

H.A, 1993 ,_Bc-stlTtrttsgeLuctt! Puellses_(ltiIk) Irtr-&d! Irtslu,eilTeclutalpeles;'tttgSc$lell-
QpeurtuLu!-GlulslitLesJo-Lreva,t Cross-tnedia Tril$lcr oISonlltni,tillllLpJJriag-Qlewr:UE
lstf rrtrie$ EPA-QSIU-ER.E sAl530/&97l002

EPA, 1997. Tecltttologlt Altematlvesfor the Renediatlon otsoils Contaninuled wilh As, CtI, Cr,
Hg, ond Pb, Enginecring Bulletin, EPA540/R-97/008.

Federal Remediation Technologies Roundtable, 1997. Renrcttiution Cnse Sludles; Soll Vopor

Exlractlon ond Other In Silu Technologles, EP Al 5421R-97/009.

. [u_Lit!_Enl-ran_ce-d [o_r!_M!rrlg-a!lhe U,S-Dtp-a$nen!.0-f Euargy:! Porlstnouth Ga$qous

Diffirsioq lllant, X:23-IB Uni!, Piketon" thi,o-

Federal Remediation Tcchnologies Roundtable, 1998, Rcnedlalion Cose Sludles: Debrb nnd
Surface Cleouing Technologies, ond Other l|Iiscellorteous Technokryle';,EPN542lR'981017 '

. Polyeftylgng.Macrog[capjulation a! Euutqcir,e--of-!lhh,-lils,,Sa].!l.o!9-qj!y,Ulab

USAEC, 1997. "Plasnra Arc'Iechnology llvaluatiotr" in Innovative Technologgt Demotrlralion,
Evaluotion ond Transfer Activities, fY 96 lnnual Reporl, Report No. SIIIM-/tEC-ET-CI{-97013,
pp. 107-1 10.

Wittle, J.K., et.al., 1995. Graphlte Eleclrode DC Arc Technologlt Programtor Burlcd ll/osle
Treatntenl, Electro-Pyrolysis, Inc. Waync, I)cnn.
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4.24 Solidification/Stabilization (Ex Siru)

Technology Specific Web Sites:

Page 6 of6

Vendor Information:

Ajislo-f-,vendors o&lng E:r-$itu Plysrsalehemisal$qilTreahglrl is available from the Vendor lnformation $ystem for Innovative
Treatment Technologies (vl-SIIT) developed by u.S. Environmentat Prorection Agency (EpA).

Wffi
Health and Safety:

ffiffiffiffiWffiffi
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4.44 Hydrofracturing

(ln Sltu Ground Wrter Rcmedlrtlon Technotogy)
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4.44 Hydrofracturing Page l of4

Typical Scquencc of
Otlcratious for
Cieating I lyclraulic
Fracturcs

bioremedi ation and/or i rnprove extraction effi ci ency. Fractures
promote more uniform delivery of treatment fluids and accelerated
extraction of mobilized contaminants. Typical applications are linked
with soil vapor extraction, in situ bioreni6diation, and purnp-and+reat
systems.

The li'acturing process begins with the injection of water into a sealed
borehole until the prcssurc of the water exceeds the overburcten
prcssure and- a fracture is created, A slurry composed of a coarse-
grained sand and guar gurn gcl or a similar subititute is then iniectecl
as the fracture glows away from- the well. After purnping, the s?nd
grain.s hold the fracture open wHile an enzyme aitditive Eicaks clown
the viscous fluid. Tha thinnc^d fluiil is puniped from thc fracture,
forming a permeable subsurface channcl suitable for dclivery or
rccovery of a vapor or liquid.

The hydraulic fracturing process can be used in conjunction with soil

enhancement)
nJectlon ot pressunzed watef through wells cracks low permeabffi
nd over-consolidated sediments. cracks are filled with porous mecii
hat serve as substrates.for bioremediation or to improve purnping

bttlt:/ I www. fi tr.gov/ma trix2l scctian4 / 4 _44,btml t2t20t00
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4.44 Hydrofracturing PageZ of4

yapor extraction technology to enhance recovery. Hydraulically-
induced fractures are used to deliver fluids, substrates and nutrients
for in situ bioremediation applications.

ffirme
Synonyms: DSERTS Code: F17 (Hydrofracturing - enhancement)

SfiEffiffi
Applicability: Hydrofracturing is applicable to a rvide range of contaminant groups

wiih no particular target group.

r*ffitrrnffifl
Limitations: Factors that may limit the applicability and effectivcness of the

process include:

o The technology should not be used in bedrock susceptibie to
seismic activity.

o Investigation of possible underground utilities, structures, or
trapped free product is required.

. The potential exists to open new pathways leading to tlre
unwanted spread of contalninants (e.g., DNAPLs).

o Pockets of low permeability may still remain after using this
technology.

o 'Ihere is an inability to control the final location or size of the
fractures that are created.

r Fracfures are anticipated to collapse due to over burden
pressure.

ffiffirffiilH
Data Nee<ls: A detailed disc'ussion of these clata elements is provided in Subsection

?,.2.1, (Data Requirements for Ground Water, Surfacc Water, alxl-
Leachate).

FffitrfiElffi
Perlbrmance Data: The technology has had widespread use in the petroleum and watcr-

wcll construction industries but is an innovative method for
remediating hazardous waste sitds.

@ffiMCost: The cost per fracture is estimated to be $ I ,000 to $ I ,500, based on
creating four Jo six fractures ller day. Tlris cost (including erluipment
rcntal, opcration, and monitoring) is small compared to tl-re Bcdefits of
enhanced remediation and the reduccd number of wells needed to
cornplcte the remediation, A number of factors affect the estimated
co.sts of crcating hydraulic fractures at a site. These factors include
physical site conditions such as site accessibility and degree of soil
consolidation; dcgrcc of soil saturation; and gc<igraphicr-rl location,
which affects availability of serviccs and supplies. The first two
factors also all'cct thc cffcctivencss of hydraulic fracturing.

J'hc costs prescntcd in this analysis are bascd on conditions founcl at
thc Xcrox Oak llrook sitc, A full-scalc denronstration was not

I r t t ;r : //w wrv . fr tr . gov I natri x2 I sccli on4 | 4 4 4,hhttl t2t20t00



4.44 Llydrofracturing

References:

conducted for this technology. Because operating costs rvere not
independently monitored during the pilot-scale cleuronstrations at the
Xerox Oak Brook and Dayton sitcs, all costs presented in this section
were provided by Xerox and University of Cincinnati Center Hill.

ffi
EPA, l99l . Feasibility of Hydrculic Fraeturing of Soil to hnprove
Ile m e dial A ct io tt s, 8Pfu600/S2 -9 | | Ol2.

EPA, I 993. Hydraalie Fracturing Tech no logr, EPA/600/R -93 / 505.

EPA,_1993. trIydraulic Fracturing of Contaninated Soil, sertes
includes Demonstration Bulletin, EP N S40|MR-93/505 ; fechnology
Evaluation and Applications Analysis Combined, EPA/540/R -gl/j6S:
and'fechnology Demonstration Summary, EPA/540/SR-931505.

EP A, | 9 9 4 . IrtJ Uy neuAd i s t i o n T e c h tr o I gry-g !g! !!! I gp- p_ tt_Uy4aIroaniii,@ ,F,TNi4TI'i }g4/6fs.

rnp4,t297.4!qtu!i!.gL&teE!ed.E4!tg!t9e!!tentsfor:FoitVapor
Exn action,EPA OSWER,EPN5,ElR.97ldfr . 

-

Federal Remediation Technologies Roundtabl e, 1997. Remediatio,t
Case Studies: Soil Vapor Extrtrction ancl Other Iu Situ
T'echno logies., EP N 542/R-97 / 009.

. $r-ctau.l-le-qldf:telrrlqdq llrq_cl_uriug3t_lhq U_,$_. _pcp_a1tlngq!.of
En_e;gy-s!p1ls11o_11!LGaseo_qq,D,rf[usrp:ri]tiirrt,_Qlrio;

P_epq(me_r-r!_qf nq@;_ann*e!411t]Ll.d_At$_ircr,*'"

Fiubbert, M.K and D.G. Willis,1957. ',Mechanics of Hydraulic
Fracturiug." Pctroleum TTansactiorts AIME, Vol. 210, ilp. l 53
through 168.

Murdoch, l-.C.,1990. "A Ficltl Tcst of llydraulic Fracturins ln
Gfacial rlll," in Procg/lrlss of the llesearch syntposiurrr, ohio, EpA
Rcport, EP N 600 /9 -90/ 006.

Murdoch, L,C., 1993. "Ilydraulic Fracturlnu of Soil Durins
Laboratory Expcrinlents, lrart I: Methods ind Obscrvati6rrs;
lart II : Propa-gatiol-; lqt II I :'I'hcorcticat Analysis",
Geotcchniqye,Yol.43, No. 2, Institution of Civil Eitgineers, London,
p1t.255 to 287 ,

university of cincinnati (uc), 1991. "werrk plan for llydraullc
Fracturiug at the Xcrox oak llrook sitc in oak Brook, illirrois".

Wolf, A, and i-.C. Murcloch, 1992. "'fhc Effect of S:rnd-Irillerl
flydraulic lrracturcs on subsurface Alr lrlorv: sumrnnry of s\/E
Irield rcsts conductcd at fhe centcr IIill llescarch lraciilty", UC
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4.44 Hydrofi'acturing

F?ffNTEfiT

Site Information:

. Xerlrx_Eqlihly_Qgk _EIgqk Itr UST site. Dayton, OH
o DOE's Portsmouth Gg$gglq lifttsioq![irn!. CtH

Ftm5il?trllM

Points of Contact:

Technology Specific Web Sites:

Page 4 of 4

nyfffrffiIfiH

Vendor Information:

A_list g{ve4dors qffering il s:$ Phys_iqellc_henr-qalw0tprlle4tgigs! is available from rhe
Vendor Infonnation System. for Innovative Trealment Technologies (VIS[[) devcloped by
U.S. Environmental Protection Agency (EPA).

gfifiiifirt iraTyi5iffifl|

fiiEBrfiffifiil

Ilealth and Safefy:

To be addecl

ffiffiIrrfflm
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4.46 Passive/Reactive Treatrnent Walls
(ln Situ Ground lVrlcr Rcmcdhtlon Tcehnotogl)

A permcablc rcaction wall is
contaminant plume, allowing thc water portion of the plume to
passivcly move through the rvall. Thcse barriers allorv thc passage of
water whilc prolribiting thc movenrcnt of contantinants by ernploying
such agents as z*ro-valcnt mctals, chclators (ligands selccted for thcir
sp'.:cificity for a givcn rnctal), sorbcnls, microbcs, and others.

'l'hr.. contsrlinants will cithcr be degraded or retained in a concentratcd
ftrnrr by the barricr rnatcrial. The wall could provitlc pcnnancnl
co;rtainmcnt lbr rclativcly bcnign re.siclucs or providc a dccrcased
volurr'e of ihc morc toxic contanrinants for subscquont trcatmcnl.

\ Itunnel aul Gale

Modificatiorts to lltc basic ;lassivc lrcatntcrtt walls nray involvc a
funncl-and-galc systcnr or un iron trcatnrcnt wall. 'Ihe lunncl-and-gatc
systcnr fbr irt situ trcattnent of conlarnirtatcd plurncs consists of low
hyrfraulic conductivity (e.9,113-6 crn/s) cutolf walls (thc funncl) with
a gatc that contairrs in situ lcaclion zonas. Ground watcr prirnarily
flows through higlr conductivity gaps (ihc gntcs).'l'hc typc of cutoff
walls rnosl likely to bc uscd in lhs cun'cnt practice rtro slurry walls or
shcct pilcs, Innovativc nrcthods such as rlccp soil rnixing nnd jct
grouting arc also bcing considcrcd for funnel walls.

Trcatnrcnt Wall
(Cross-Scction)

.l
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atcr, Surlacc water, a

passage ot'water w
rion or rcmoval of contaminants.

lrltlr ://ww w. li'tr. gov/nratrix2/scclior14 1 4 
-!(1.ltt "nl 12t20t00



t
I
I
I
I
I
t
l
I
I
I
I
T

I
I
I
T

t
I h t tp : //www. I it r. go v/nr n t ri x 2/scct i or A / 9 4 p -33 | 7, gi f t2t20t()0



4.46 Passive Treatment Walls

Iiynonymn

Applicability:

l,irnitallons:

Page 2 of5

I lron Treatment lYall

An iron treatrnent wall consists of iron granules or other iron bearing
minerals for the treatment of chlorinated contaminants such as TCE,
DCE, and VC. As the iron is oxidized, a. chlorine atom is removed
from the compound by one or more reductive dechlorination
mechanisnrs, using electrons supplied by the oxidation of iron . The
iron granules are dissolved by the process, but the rnetal disappears so
slowly that the remediation barriers can be expected to renrain
effective for many years, possibly even decadss.

Barrier and post-closurc monitoring tests are being condrrcted by the
USAF, U.S. Navy, and DOE in field-scale demonstration plots and
are being designed for actual contaminated sites. The range of
materials available for augn,enting existing banier practice is broad.
Two typcs of barriers have becn thc focus of initial efforts of this
program, i.c., permcablc reactive barriers and in-place biorcactors.

Passive treatment walls are generally intendcd for long-tenn operation
to control migration of contaminants in ground watcr.

Emmll
Penncable rcactivc barricr; In placc bioreaction; In-situ chemical
filters.
DSBRTS Code: Fl6 (Passive Trcalnrent Walls)

ffrrsnrFfin
'fargct contarninant groups for passivc lrcatment rvalls arc VOCs,
SVOCS, and inorganics.'flrc ter:hnology can be nscd, but mry be less
cffcctivc, in trcating solne fucl hydrocarbons.

lfiF.{mrluH
f:actors that nray limit thc appiicability and clfectivencss of thc
proccss incluilc:

o f)assivc trcatmcnt rvalls may losc thcir rcactivc capacity,
rcc;uiring rcplacclncnt of th-c rcactivc nrediulrr.

o I'assivc trcatmcnt wall pcnncability rnay decrcasc duc to
;lrccipi'ltion of mctal salts

e l)cpth and width of barricr.
o Lirnitcd to a subsurfacc lithol<lgy that has a contirrrlus acluitard

at a.dcpth that is rvithirr thc vcrtical lirnits of trcnchirrg
cquipnrcnt.

o Volurnc cost of'trcalnrcrrt mc<lium.
r lliological activity or chcrrrical prccipitation Insy lirnit tlrc

pcnncability ol'tlrc passive trcatrnclrt rvall.
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4.46 Pa-ssive Treatment Walls Page 3 of5

Data Needs: A detailed discussion olthese data elements is prcrvided in S_U,bgq4tiq!
2.2.2. (Daa Requirements for Ground Water, Surface Water, and
Leachate).

Data needs include irydraul ic gradient; contaminant characteristics
(depth, areal extent, type, and concentration); depth to ground water,
including range of anticipated fluctuations; depth to impermeable
banier key-in; site stratigraphy; ground rvater hydrology; rvater
quality, flow rate, and dircction; soil permeability; and buffering
capacity.

ilsffiraffi
Performance Data: Data has been developed by the USAF, the University of Waterloo,

and Envirornetal J echnologies, Inc.

Several full-scale and demonstration scale walls have been installed
for rernediation of ground rvater contaminated rvith chlorinated
aliphatic hydro:arbons.l'hese sites include Lowry AFB rnd Moffett
Field NAS. Several more sites are cunently being cvaluated or have
passive treatment walls scheduled for installation.

fMf;HFffi
Cost: Complete cost data are still not available because rnost sites lrave bcerr

dcmonstration scale and nray have bcen overdcsigned for a safety
margin, Horvever, cosls are decreasing as the price of reactivc iron
rne,Jia declines and cost pcr unit of contaminant rcmovcd is a function
of thc concentrations in ground water.

EiMTtFfiE
Refercnces l California Base Closurc Envirorunentsl Conrnrittcc (CBCIIC), I 994.

Trcatnenl Tedtnolo.gfes Applicalions Mutri^" for Bnse Closurc
Aelivities, Revision /, 'fcchnology Matching Proccss Action l'cam,
Novcmbsr, 1994.

llPA, | 99 5, I n S i m R e m c rl i n I i lt U _Teql U.t {tl 1t 911 $ t 11 | 11 s _8 gp.ttt: ! :.
'I'rcntnent lVslls, Officc of Solid ,W_astc arrd Em.crgcncy Rc.sponsc,
Pt, A/5401K:9410!t4.

El'n, I 997 . Pe nn c n h l c It c nctiyq S u b; y rI!1c.c, Il q r r lq ys fo f -l h e
I n te x:epl i o rt u n d re nu: il i l t i o tt tf C l r l n ti n l tc d I lyd t'11 ct1 q h 12 11-ut1 1l
Chromiun(11) Plumgs in Gronud ll/ulel F.PA/600/f -97/008,

DOIi, 1993. T'cchrticcrl Nnnc: lJarrlers anil PoshClosurc
lll tttt ifttrin g,'l'cclrnology In lbnnalion ltrofi lc (licv. 2), DOE l,rotcch
Dirlabasc, 'l'l'l' No. Al,-l2l l -25,

DOf i, I994.T'echnologt Culnloyrrr, !'irst lldition. Fcbrunry.

Fcdcrirl Ilcrncdialion Tcchnologies lloundtablc, | 998. Ilcm edlntion
Cn s e S I u il i c s : I n n ovil | ive G rou n d x,nlc r Trea I m c n I Te e h n o I ogi tt s,
Et>A/542/ll-981015,

I tl l1t : / I w w w, li't r, gov I n au i x2 I sc cli o n4 | 4 
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4.46 Passive Treatment Walls

Sitc Informatron:

r lq.Do,lli Cqryqglio,lt, lAr l.gwry.{ir fglcc Ilas"c,_QQ
. $qlr1gr, tvo(f S4nitqry_Lrudltll SiLq,_NH
r Mof.fclt Ficld.Nn S, C_4

o l3rqwn's fl.qtlgly flrcqklng Sitp, O-U-!' P 
rr

r Canadian Forccs l3_{q-c, (lqnfidit

Page 4 of5

tslup- qtd_Trsat_qqd Lemrsqbie-&93sliye-&ryLetleJlcq!
C;ttarninatdCround*aterattlleEgrnqgrjltgllil,Ilc..Sj!9,we@-
Penrieable tleactive Barrier to Treat Contaminated
GotFiirvacrEMq@feteialaf-rfi al<l,Iaqutl-qlnVieu:
Califoriria
in Sii[ Permeable Reactive Barrier for Treatment of
Coitamffi -edGiouiriiiv-ateilttfi eE$-goast]iuiidSupport
f e-n iblJlFib e tii-ei t>', N o rt n Grel fi q

Hansen, W., et al.,1992. "Blrriers and Post-Closurc Monitorlng",
Briefing Chart, Los Alamos National l,aboratory, Los Alamos, NM,
'lTP No. AL-1212-?5.

USAF, 1997. Design Gulauncelor Applicaticn of Pernrcuhle
Barriers to Renrciiate Dissolved Chloriuated Solvents, prcpared by
Battelle under contract to Environics Dir':ctorate, Annstrong
Laboratory.

Vidic, R.D. and F.G. Pohland. "'fechnology Evaluation li,cport:
'l'reatmcnt Walls", CWTTAC Series TE-96'0I.
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l}ordqp Aqu i fcr,_Qaqi-rila
Air liorce l)cnto l'lill r\l;8. UT
l-<r.s A I anr<r.s -N ii iijnai t-atrri r atily
l;onnr:r Inlcrs-il, lrtc. Sitc, Sunny-Wlg, C4
M o t llt ( I;c{_eryrl- {ql1 ci d, Mqqpt4ln.V i c rv, CA
l'he U.S. Coast Cuarrl ofi Ccntcr, Elizabcllt City, NC

@@
l'oints of Contact:

'l'cchnology Spcclfic Wcb Sllcs:

lrttp ://www. lilr,govlrnntrixZ/scction 41 4 1N6,hxnl t2120t00



4.46 Passive Treatmerrt Walls Page 5 of5

,i***tfF'.fi "6.1.iffifr9' ,

=:=
Vendor Informntion:

A li sJ q t vcn do rs o l'feqi_ngl ggr tu lb$tSAflqbglirq3!_WaterTrea]lll_ej{ i s avai l abl e from th e
vJndorln-fffiation svitem6r innovativeTrcatmGntTffinol@les (y$Ufi developed by
U.S. Environmental Protection Agency (EPA).

Health and Safety:

ffiffiffiffiffiffi

h t t p : //w ww, fi 1 r, go v/m a tri x2 I s ecti o n4 | 4 
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4.57 Deep Well Injection

4.57 Deep WeIl Injection
(Ground \Yrter Conttinment Rcmedlation Techaologl)

A typical injection well cc'nsists ofconffi
scvcral thousand fcet down frorn the surfacc tcvtit irito highly saline,
permeab.le injection zoncs that arc confined vcrtically bylnflcrmea6te
strata. The outcrmost pipe or s_ulface casing, extends beiow ihe base
of any underground souic-es of drinking wd-ter (USDW) and is
cementcclback to the surfacc to prevent contamination'of the usDw.
Dircctly insidc thc surfacc.casing is a long string casing that citends
to and sornetimcs into thc injcction zons.I'his c-asing iinltca in with
ccnrcnt al! thc way back to the surface in ordcr to sell off thc iniected
waste from thc fonnations abovc thc injection zonc ba,lk to thr: "
surfacs. Thc casing provides a scal bctwccn thc wastes in thc inicction
zonc ancl thc upper lbnnations. 'l'hc wastc is irrjcctcd through tlic
injejtion tubirrg.ins.ide thc long string casing eithcr througli
pcrforations in thc long string br in the opciihole below ihe bottorn of
thc lorrg string. 'l'hc space be[wcen thc stiirrg casing ancl the iiicction-
!ubc, callc<l tlrc annulus, is fillcd witll an incrt, prcisurizcd fluid" and
is scalcd at thc bottorn. by a rcrnovablc packer-frc'enting injec6a
wa.stewater frorn backing up into thc arinulus.

Page I of4
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; liurlace Water,

uU|Jp weil trusuuuil ls a llqurq wasle otSpOSAl tecnnoloqv. I hls
lltcrnativc uses injcction wells t9 plncc ireatcd or untriatecl liquic!

"rste into geologic formations thdt havc no potential to allow'
i giati on o f contam inun tglll-lo po tent i al p o tible rvater aqr.ri fers.
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-1.57 Deep Well Injection

Synonyms:

Applicability:

Limitations:

Data Nceds:

Perfnrmance Data:

Itttlul I w ww, Ihr.govlrnalrixZl section4/ 4 _57,hlni

Subsurface injection, Underground injection, Class I injection wells.

ill+,Rqffiffi
The target contaminant groups for deep r';ell injection are VOCs,
SVOCs, fuels, explosives, and pesticides. However, existing
pennitted deep well injection facilities are limited to a narrow range
of specific wastes. Success at expanding existing permits to manage
hazardous wastes seelns unlikely.

@ffi@
Factors that ma1, lirnit the applicability and effectiveness of these
processes include:

r Injecti0n will not be used for hazardous waste disposal in any
areas wherc seismic activity could potentially occur.

r Injected wastes must be cornpatible with the mecharrical
cornponents of the injection well system and the natural
formation water. The waste generator may be required to
perform physical, chemical, biological, or thennal treatment for
removal of various contaminants or constituents from the waste
to modiS the plrysical and chemical character of the waste to
assure compatibility.

r High concentrations of suspended solids (typically >2 pprn) can
lead to plugging of the injection interval.

. Corosive rnedia may react with the injection well conrponents,
with injection zone formation, or with confining strata with
very undesirable results. Wastes should be neutralized.

. Fligh iron concentrations rnay result in fouling when conditions
alter the valence state and convert soluble to insoluble spccies.

r Organic carbon may serve as an energy source for indigenous
or injected bacteria resulting in rapid population growth and
subsequent fouling.

o Waste streams containing organic contaminants above their
solubility lirnits may rerluire pretreatment before injection into
a well.

r Site assessmcnt and aquifer characterization are required to
detennine suitability of site for rvastewater injcction.

o Extcnsivc assesslnents lnust be conrpleted prior to receiving
approval liorn rcgulatory authority. 

-

qE&unffi
A detailcd discussion of data elements is provided in $u!'section2,2,2
(Data R.equircmcnts for Ground Water, Surface Wate{ aiiii L6riAiiaiet

il@@uH
Injection wells havc been used for the disposal of industrial and
hazardous wastes since thc 1950s, so the Cquipmcnt and methodology
arc rcadily available and wcll known; howivei ths use of them tocl#
is continuing undcr vcry strict regulatory control.

Page2 of4 ,l
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4.57 Deep Well Injection

Cost:

References:

Page 3 of4

NA

ffirrfttE
EPA, 1985. Report to Congress on Injection of Hazardous ll/asle,
EPA, Office of Drinking Water, EPA/9-85-003.

Reeder et a1., 1977 . Review snd Assessnrcnt of Deep lYell Injection
of Hazardous ll'aste, Volume I, EPA/60012-771029a.

Warner and J.H.Leh41977. An Introduction to the Technologr r$
S u h s u rla c e lV astew al e r Inj e c t i o r t, BP Al 600 / 2-7 7 I 240.t
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ffi![ilH
Site Information:

r DOI Demo Bureau of Mines Tuscaloosa Research Centerr$I,

mil!il?fiiH

Points of Contact:

Technology Specific Web Sitcs:

NA

ffiil|?@
Vendor Information:

A list of vendorq offe.q!_ng_Wa!.qr QqntaipmenlTrg4bqgd is available from the Vendor
inf.:rmatioii Sy-stemToi innovitlne freatrneirtE;hnologies (YISIIT) developed by U,S.
Environmental Proteotion Agency (EPA).

W
Ilealth and Safcty:

To be added

rfiffiffsffi
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4.48 Constructed Wetlands Page I of5

4.48 Constructed Wetlands
@r Sltu Ground lVrter Remedletlon Technology)

Although the technology incorporates principal components of
wetland ecosystems, including organic soils, microbial fauna, algae,
and vascular plants, microbial activity is responsible for most of the
remediation,W

'l'ypi cal Con struc-ted
petlandE Syltqm

Influent waters with high metal concentrations and low pH flow
through the aerobic and anaerobic zones of the wetland ecosysiem.
Mctals are removed through ion exchange, adsorption, absorption,
and precipitation with gcochemical and microbial oxidation and
reduction. Ion exchango occurs as metals in the water contact humic
or other organic substances in the wetland. Wetlands constructed for
this purposc often have little or no soil instead they have struw,
manure or compost. Oxidation and reduction reactions catalyzedby
bactcria that occur in the aerobic and anaerobic zoncs, rcspcctively,
play a major role in precipitating metals as hydroxides and sullides.
Prccipitated and adsorbed metals settle in quiesccnt ponds or are
filtered out as water percolates through thc medium or thc plants.

Influcnt water with explosive residues or othcr contaminants flows
through and beneath the gravel surface of a gravel.based wetland. I'hc

atet) t,
pll

ical and biological processes inherent in an arlificial wetland
tem to accumulate and remove rnetals, explosives, androther

from influent waters. The process can use a filtration or

h t t p : //w ww. frlr. go v/rn a tr ix2 I section4 I 4 4 8.html 12120t00
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4,48 Constructed Wetlands

Synonyms:

Applicability:

Limitations:

Data Nceds:

Itcrfornrancc Data:

Pagt:2 of 5

wetland, using emergent plants, is a coupled anaerobic-aerobic
system. The anaerobic cell uses plants in concert with natural
microbes to degrade the contaminant. The aerobic, also known as the
reeiprocating, cell further irrproves water quality through continued
exposure to the plants and the movement of water between cell
compartments.

Wetland treatment is a long-term technology intended to opererte
continously for years.

f'ffiIfiilil
NA

ftrE!ffiffiH
Constructed wetlands have most'commonly been used in v,'astewater
treatment for controlling organic matter; nuhients, such as nitn.,gen
and phosphorus; and suspended sediments. 'Ihe wetlands process is
also suitable for controllingirace metals, and other t<lxic materials.
Additionally, the treatment has been used to treat acid rnine drainage
generated by metal or coal mining activities. These wastes typically
contain high metals concentrations and arc acidic. The process can be
adapted to treat neutral and basic tailings solutions.

HiHilnffiffi
The wetlands rernediation technology must be adjusted to account for
differences in geology, terrain, trace metal composition, and climate
in the metal mining regions of the western United States.

The following factors may limit the applicability and effectiveness of
the process:

r The long-term effectiveness of constructed wetlands is not well
known. Wetland aging may be a problon which may contribute
to a decrease in contaminant removal rates over time.

o Thc cost of building an artificial wetland varies considerably
from project and may not be financially viable for many sit6s.

ffffiifiiltlfi
A detailed disctission of data clements is provided in gglgqclion2.2.2
(Data Requiremcnts for Ground Water, Surface Waterpnf,l--AcmGt:
Ihis technology.was accepted into the Emcrging Technology Program
in 1988; the project was completed in 1991. The purpose of the
project was to build, operate, i'nonitor, and assess the effectiveness of
a constnrcted wetlands in treating ;r portion of aoid mine drainage
from the Big Five Tunnel site near Idaho Springs, Colorado. I'he
Final Report (EPN540lR-93/523) is available from NTIti (Order No.
PB93 -2339 I 4). The Summary (EPA/540/Sf,t, .93 I 523) and Bul letin
(EPAl540lF-921001) are available from EPA.

Study results indicated that heavy metal removal efficiency can
approach the removal efficienoy of chemical precipitation tr,eatment
plants. Some of the optimurn results frorn thc 3 years of operation are
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4.48 Constructed Wetlands Page 3 of5

listed below.

r pH was raised from 2.9 to 6.5.

" Dissolved aluminum, cadmium, chromium, copper, andzinc
concentrations were reduced by 99 percent or more.

r Iron was reduced by 99 percent.
o Lead was reduced by 94 pereent or more.
o Nickel was reduced by 84 percent or more.
o Manganese removal was relatively low, with reduction betwean

9 and4y'' percent.
r Biotoxicity to fathead minnows and water fleas was reduced by

factors of 4 to 20.

Because wetland removal proc€sses are primarily microbial, the
technology can be developed with traditional process engineering
approaches. Laboratory studies can indicate whether remediation is
possible, while bench-scale experiments can determine the proper
loading and reactor design. Using this approach, five laboratory
prooiof:principle studies and three bench-scale studies have been
perfonned, and at least four successful demonstration reactors have
been built to remove heavy metals from different types of water.

A final project goal was to develop a rnanual that discusses design and
operating criteria fur constructing a fuh-scale wctland to treat acid
mine discharges.l'he "Wetland Designs for Mining Opcrations"
manual is available from the National Teclmical Infonnation Service.

Based on the results from the SITE Emerging Technology Prograrn,
this technology rvas selected to participate in the SITE Demonstration
Technology Program. Under the Dcmonstration Program, EPA is
evaluating the eflbctiveness of biogeochemical processcs at the
Burlcigh Tunncl mine site, near Silvcr Plume, Colorado.'frcatment of
Burleigh Tunnel discharge is part of the rcmedy for the Clear
Creek/Central City Superfund sitc. Construction of a piltrt..scale
system bcgan in summcr 1993 and was completed in Octob.cr 1993.
Iior more infonnation on this projcct, rcfer to the Colorado
Departrncnt of llcalth prolile in the Demonstration Program section
(ongoing projects).

The USAEC is demonstrating a gravel based wetland system at Milan
Anny Ammunition Plant through thc ESTCP. The gravel-based
systcm has bccn effcctive at dcgrading TN'I and R.DX, with a total
nitrobody conccntration of 10,000 ppb. Analyses indicato degradation
cluc to thc rise and fall of daughter products. 'I'N'l' is rcduccd to less
than2 ppb. The dcmonstration had bccn opcrational sincc Jurre 1996,
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4.48 Constructtd Wetlands

Cost:

Rcferences:

Studies at Milan Army Ammunition Plant conducted b-v USAEC and
Tennessee Valley nufirority (TVA) indicate that plants-with
nitroreductase, in concert with microbei, can degradt. explosive
resiJues. It is estimated that amortizing the capital costsbf rvetland
treatment ov.er-a l0 year period results in a cost of $1.36/Kgal; over a
30 years period, the cost is $0.45lKgal.

s*?efift!ffi
EPA, I 993. Constructed Wetlands-Based Treatment, EPA,/ 540/R-
93t523. ,

qPA, l9-95. Colorstio School of Mines proJile in the Emerging
Technology Progrum.

{ef1vg J.P:, ]98'l: Constructcd lr'etlands for Treatment of NPS
Pollutiort, NFESC.

Page 4 of5

FIS]Ffiil
Site Information:

o Bsfl eig[r ]uruel Silyqrllunp, -qQc EtA Demo Burleigfu-l"t4ne],_qQ. F-iE lrive ltn*i, CO- D

o Beal-C1qgk, Oqk [idge,'I]i '. Neyal4npbrbjp_U$s$e_ in _!i !t I e Creek, -Vi rgini a

Effimmrq

Points of Contact:

Tcchnology Specific Web Sites;

mf'r'tlll'i
Vcndor Informntlon:

A list of vcndors ollcring lix Srtu lliologir:al Watcr'frcatrncnt is availablc frorn thc Vsndor
Inlbrntation $ystern fcrr Innovativc'l'rcatment'l'echnologics (VISI'l-l') developed by U.S.
Ilnvironmental Protectio n Agency (gPA).
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llealth and Safety:

To be added

Page 5 of5
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t 4.49 Adsorptior/ Absorption

r\beogplion System

Page I of4

4.49 Adsorption/Absorption
(Er Sltu Ground ll'rter Remedlrtion Tcchnotogr)

ion mechanisms are as eithcr
adsorption, chcmi sorption, or electroslatic adsorption.,Veak
molecular forces, gnch as Van der Waals forces, provide the driving
force for physical adsorption, rvhile a chentical reaction forms a
chcrnical bond betwccn the compound and thc surface of the solid in
chcrnisorption. Electrostatic adsorption involves the adsorption of

ypical ions through Coulombic forces, and is normally referrcd to as ion
exchange, which is addrcsscd separately in the ion exclrangc nrodules.
In liquids, infcractions bctwcen the solute and thc solvent also plny an
important rolc in establishing thc degree of ndsorption,

'l'hc rnost cornnron adsorbcnt is granulatcd activated carbon (GAC)
('l'cchnology Profilc No,.4,51). Othcr natural and synthetic adsorbents
includc: activatcd alumina, foragc spongc, lignin adsorption, sorption
clays, anrl synihctic rcsirts.

7 Aclivoleil Aluuinn

Activatcd alumina is a fittcr nrcdia made by trcating aluminum ore so
tha" it bccomes porous and highly adsorptivc. Aclivatcd aluminn will
rcmovc vari ety ol' contnminlnls, including cxcrssivc fl uoride, arsenic,
and sclcniurn. 'fhc mcdium ru;uircs periodic clcaning with an
appropriate rcgcncrRnt srtch rts alum or acid in ordcr lo lcnrain
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ron, solutes concentrate at tlre surlacc of a
reducing their conccntration in thc bulk liquid plrase.
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4.49 Adsorption/ .P. bsorption

Synonyms:

Applicabllify:

effective.

b Forage Spouge

Forage sponge is an open-celled cellulose sponge incorporating an

amin"e-cdntai-ning cheiating polyrtrer that selectii'elyabsor,bs-dissolved
heat'y metals. TS'e polyrnei is intimately bonded tothe cellulose so as

to minimize physical separation fiorn the supporting matrix. The
functional erbubs in the polymer (i.e. amine and carboxyl groups)
provide selEctivc affinity foi'heavy metals in both cntionic and
inionic states, preferentially forming complexes with transition-group
heavy metals.

Y Lign in Adsorlttion/S orplive Clay

Lignin adsorption/sorptive clays are used to treat aqueous.waste
striams with'organic,inorganic and heavy metals contamination' The
waste stream is treated due to the molecular adhesion of the
contaminants to an adsorptive surface.

7 Synthetic l(eslirs

Synthetic resins are more expensive than GAC, but can be <iesigned to
a6hieve higher degrees ofseiectivity and adsorption capaciry' for
certain compounds than activated carbon. Resins are typic-ally ,
regenerated using acids, bases, or organic sc'rents, instead of thermal
methods, so they are better suited for thermally unstable compounds
such ew explosives, ancl are resistant to deactivation due to the
adsorption of dissolved solids. Additionally, resins tend to be ntore
resistint to abra.oion than activated carbon, increasing their service
lifc.

@
Liquid phase adsoqrtion.

HM
Thc target contaminants groups for adsorption/absorption processcs
arc most organic conlaminants and sclected inorganic cotttaminants
frorn liquid and gas streams. Activated alurnina can relnove fluoride
and hcavy rnctali,'fhe foragcr sponge is spccifically used to rem<lvc
hcavy rnctals. Lignin adsorption/sorptive clays treat organic,
inorganic and heavy metals contamination within aqueous waste
strcams. Synthctic resirts arc bsttcr suitcd for thcrmally unstable
compounds such as explosives than GAC, due to the resins,' non-
thcnrral rcgencration rcquiremcnts.
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4.49 Adsorptioru Absorption Page 3 of4

Faciors that may limit the applicability and effectiveness of these
processes include:

o Water-soluble compounds and small rnolecules are not
adsorbed well.

r Costs are high if used as the primary treatment on rvaste
strearns with high c,ontaminant concentration lev is'

c Not applicable to sites having high levels of oily substances.
o Not piactical where the content of the absorbable hazardous

subsiance is so high that very frequent replacement of the
absorbent unit is necessary.

r Contaminated rnedia often require tteatment/disposal as

hazardous wastes, if they can't be regenerated'
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Limitations:

ffififfi
Data Needs: A detaiied discussion of data elernents is provided in Subsection2.2.2

(Data Requirements for Ground Water, Surfacs Water, and Leachate).

!Ff.r!l[!rrl[||
Pcrforman ceDnta; Adsorption/absorption processes have a long history of use as

treahnent for municipal, industrial, and hazardous waste streams. The
concrpts, theory, and engineering aspects of thg technologies are rvell
developed. They are proven technologies with documented
pertbnnance data.

ffiuFi
Cost: The cost to treat heavy metal contaminated ground water over a one

year period with the Forager Sponge technology is estimated at
$340/1000 gallons, assuming the sponges are not regenerated and are
replaced upon saturation; or $238/1000 gallons, assuming the sponges
are regenerated trvice providing for three useful treatment cyclcs.
Ccsts for other adsorbent processes are not available.

@@
Ilcferences: Battelle Memorial Institute, 1995. "Reopt V3.l User

Documcntation", for I)OE under contract DElAC06/76RLO 1830.

Rainer, N., I 995. "Forager Sponge, 1'ech,'lology Descriptlott",
Dynaphone, Inc.

Watcr Quality Association,1994. "Treating thc Water Wc Drinl<,
Wfrcn nnd Where Wc Drlnk 1t.",l(aterRevlew lbchnical llrief,
Vol. 9, No.4.

amtmt
Sitc Information:
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$qpelfiqld Site: R99_ky_M_ogU!qt! 4rq9n4!, qU !Z_qO
S qpglfu11dltlg: Vqlly_Wqo4P_rc!9lyrng, _Lqg, Irtdolk, 9A
S!!pertqrld!!!!i_M_o1ql_l&c_ef ,!q!s_l!g_Tllry,MI
Sup_e_rf 'uqdSrleilgdtaltAr_serlqP_gghqrl,]$t

s:rfimf,llnl

Points of Contact:

Technolog5r Specific lVeb Site:

@
Vendor Information:

dllqlo{ veadqls qffe! nLEx $Lq pbyglqqughglqryq!_]y3lgr tg4ltnqr{ is available frorn the
%ndoifiIbrmaiion3ystem ror nnovaffilogirs-&LslTT) cleveloped by
U.S. Environmcntal Protection Agency (EPA).

Ilcalth and Safcty:

3ir,fflfts@g
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4.52lon Exchange

Synonyms:

Applicability:

Page I of4

4.52lon Exchange
(Er Sltu Grourd Wrtcr Remedhtlon Terhnology)

Ion exchange removes ions fiom the aqueous phase by the exchange
of cations or anions between the contaminants and the cxchange
medium. Ion exchange materials may consist of resins made from
synthetic organic materials that contain ionic functional groups to
which exchangeable ions are attached. Thcy also may be inorganic
and natural polymeric materiais. After the resin capacity has been
exhausted, resins can be regencrated for re-usc.

The duration of ion exchange technology is typically short- to
medium-ternr depending on the factors discussed in Data Needs.

E@fr
NA

@
Ion exchange can remove dissolved rnetals and radionuclides from
aqueous solutions, Other cornpounds that have bcen treaterl includs
nitratc, arnmonia nitrogcn, and silicate.
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removgs lons ronl me aqueous
ions on the exchange medium.
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4.52Lon Exchange

Limitations:

Data Nceds:

Performance Data:

Factors that may affect the applicability and effectiveness of this
process include:

. Oil and grease in the ground water may clog the exchange resin'

. Suspend-ed solids conient greater than l0 ppm may cause resin
blinding.

o The pFi of the influent water may affect the ion exchange resin
selection,

r Oxidants in ground water may damage the ion exchangeresin'
c Wastewater is generated during the regeneration step and will

require additional treatment and disposal.

n@
A detailed discussion of fliese data elements is provided in lubsectio.I
2.2.2 (Data Rec;uirements for Ground Water, Surface Water, and
Leachate).

Factors affecting the design of an ion exchange system include the
presence of oil and grease, contaminant concentration, exchange
capacity of theresin, suspended solids, metals, oxidant content,
inorganic ions in ground water; and pH of the glound water.

mftmqilE
DOE has developed compact processing units (CPUs), or "modular
waste treatment units," which are relatively small mobile equiprnent
modules. They perform unit chemical process operations. The CPUs
allow rapid deployment of technologies for the treatment o1

radioactive wastes in underground storage tanks. The modules would
be manufactured off-site by commercial vendors and moved into
place using trucks or special transports. The concept of having
itandardized modules is based on the notion that various radioactive
waste treatment subsysterns could be standardizedto match the CPU
hardware package, leading to rnore rapid, cost-effective deployment.
The cost benefrts arerealized even wlten multiple units are deployed
to achieve greater processing rates. The modular design concept will
also allow for reuse of CFU components for diftbrent unit processes
or process deployments.

The ion-exchange CPU will pump undiluted liquid tank vvaste from
an underground storagc tank or receive liquid waste ffom a waste
retrieval system for treatment, DOE Northwest Laboratories
dcvcloped the CPU concept in FY9l. Development of a cesium ion-
exchangc CPU technology is scheduled for 1996. A radioactive waste
treatment dernonstration is scheduled for FY97,

Another DOE technology, the resorcinol-formaldehyde ion exchange
(RoFIX) rcsin, is bcing developed for prototype demonstration at the
Flanford sitc in ry97. ReFIX resin is applicable to high-level
wastestreams containing cesium-supernate salt soluLions.
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4.52 Ion Exchange

Cost;

References:

Sitc Information:

E_tAllempj(e:r1lv! _c_C_-ee!b,e!LqAlQorp.,_tM
Armv Dcmo USACE-WES. MS

ffianffig

Page 3 of4

The cost for a typical ion exchange system ranges from $0.08 to $0.21
per l,000liters ($0.30 to $0.80 per 1,000 gallons) treated. Key cost
factors include:

o Pretreatment requirernents.
o Discharge requirements and resin utilization.
o Regenerant used and effioiency.

ffiIIntE
California Base Closure Environmental Committee (CBCEC), 1994.
Treatment Technologies Applications Matrix lor Base Closure
Activities, Revision f, Technology Matching Process Action Team,
November, 1994.

DOE, 1993. Technology Name: Cesium Removal by Compact
Processing Units tor Radiosctive *Yoste Treatntent, Technology
Information Profile (Rev. 2) for ProTech, DOE ProTech Database,
TTP Reference No.: P.L-321221.

DOE, 1993. Technologt Name: Resorcino!-Farntaldelryde lon
Es:change Resinfor Elutable lon Exchange in ihe Compact
Portable Units (CPUs) Proposed at llonford, Technology
Information Profile (Rev. 2) for Pro'fech, DOE ProTech Database,
Tl'P Reference No.: SR-1320-02.

DOE, 1994. Technologt Cotologue, First Edition. February.

EPA, 1990. Innovutive and Alternntive Teehnologt Assessment
Manual, EPA, Office of Water Prograrn Operations, EPN430|9-78/ooe' 

wffiqm*

Points of Contact:

I'cchnology Specific Wcb Sites:
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4.52lon Exchange

Vendor Informltion:

Page 4of4

o

o

4 tis! otve=naors.o cal*water.Treahnerllis ai'ailable from the
Vendor Information System for Innovative Treatment Technologies (yISITD developed by
U.S. Environmental Protection Agency (EPA).

Health and $afety:

DIFFFIB'FEIN@Eo

@ffiffiffiffiffi

rdilr.!ffi
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4.53 Precipitation Page I of6

nants rnto an r

id, facilitating the contaminant's subsequent removal from the
iquici phase by sedimentation or filtration. 'fhe process us.rally uses
rH adjustment, addition of a ch,emical precipitant, antl flocculation.

Precipitation of metals has long been the pritnary method of trea
metal-iaden industrial wastewaters. As a result of the success of
metals precipitation in such applications, the technology is being
considered and selected for use in remediating ground water
containing heavy metals, including their radioactive isotopes. In
ground water treatment applications, the metal precipitation process is
often used as a pretreatrnent for other treatment technologies (such as
chemical oxidation or air stripping) where the presence of metals
would interfere with the other treatment progesses.

Metals precipitation from contaminated water involves the conversion
of soluble heavy rnetal salts to insoluble salts that will precipitate. The
precipitate can then be removed frorn the treatecl water by physical
methods such as clarification (settling) and/or filtration. The process
usually uses pH adjustment, addition of a chemical precipitant, and
flocculation. Typically, rnetals precipitate frnm the solution as
hydroxides, sulfides, or carbonates, Thc solubilities of the specific
metal contaminants and the requircd cleanup standarcls will dictate the
process used. In some cases, process design will allow for thc
generation of sludges that can be sent to recyclers for metal recovery.
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4 .53 F recipitation I C aagulation/Flo ccul atio n
(Er Sltu Ground Wrter R.mcdlrtlon Tochnology)

W
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Precipitation Process
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4.53 Precipitation

Synonyms:

App!!eability:

Limitntions:

Page 2 of6

) Coagulanls and Flocculotiott

In the precipitation process, chemical preeipitants, coagulants, and
flocc,rlantation are used to increase particle size through aggregation.
The precipitation process can generate very fine particles that are held
in suspension by electrostatic surface charges. These charges causa
clouds of counter-ions to form around the particles, giving rise to
repulsive forces that prerrent aggregation and reduce the effectiveness
of subsequent solid-liquid separation processes. Therefore, chemical
coagulants are often added to overcome the repulsive forces of the
particles. The three main types of coagulants are inorganic
electrolytes (such as alum,lime, fenic chloride, and ferrous sulfate),
organic polymers, and synthetic polyelectrolylcs with anionic or
cationic functional groups. The addition of coagulants is followed by
low-sheer mixing in a flocculator to prornote contact between the
particles, allorving particle growth through the sedimentation
phenomenon called fl occulant settling.

Flocculant settling refers to a rather dilute suspension of particles that
coalesce, or flocculate, during the sedimentation operation. As
coalescence or flocculation occurs, the particles increase in mass and
settle at a faster rate. The amount of flocculation that occurs depends
on the opportunity for contact, vrhich varies with the overflow rate,
the depth of the basin, the velocity gradients in the system, the
concentration of particles, and the rangc of particles sizes. The effects
of these variables can only be accomplished by sedimentation tests.

HW
NA.

ffilslffirE
Precipitation is used mainly to convert dissolved ionic species into
solid-phase particulates that c,an be rernoved from the aqueous phase
by coagulation and filtration, Remedial application of this technology
usually involve removal of dissolved toxic metals and radionuclides.
Depending on the process <lesign, sludgcs may be amenable to metal
rwovery.

ffisililm
Disadvantages of metals precipitation may include:

o As with aily pump and treat process, if the source of
contamination is not removed (as in metals absorbed to soil),
treatment of the gound water nray be superfluous.

o The presence of rnultiple metal species lnay lead to rernoval
difficulties as a result of amphoteris natures of differcnt
compounds (i,e., optimization on one mctal species may
prevent removal of another).

. As discharge standards becorne rnore stringent, further
lreatment may be required.

o Metal hydroxide sludges must pass TCLP prior to land

http ;//www,fiLr.gov lmatrix?l section4 | 4 
-53.html
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4.53 Precipitation Page 3 of6

disposal.
. Soiuble hexavalent chrome requires extra treatment prior to

coagulaation and fl occulation.
. Reagent addition must be carefirlly controlled to preclude

unacceptab,le conc€ntrations in treatment effl uent.
. Efficacy of the system relies on adequate solids separation

techniques (e. g., clari fi cation, fl o cculation, and/or ti ltration).
. Procesi rnay generate toxic sludge requiring proper disposal.
r Process can be costly, depending on reagents used, required

system controls, and required operator involvement in systenr
operation.

o Dissolved salts are added to the treated water as a result of pH
adjustment.

r Polymer may need to be added to the water to achieve adequate
settling of solids.

e Treated water will often require pH adjustment.
o Metals held in solution by complexing agents (e.g., cyanide or

EDTA) are diffrcult to precipitate.

DataNeeds:Adetai|eddiscussiono,,n","ffintsisprovicle<lin$r!qeltrion
2,2,2 (DataRequirements for Ground Water, Surface Water, and -

Leachate).

Bench-scale treatability tests should be conducted to determine
operating parameters and characteristics [i.e,, rcagent type and
dosage, optimum pH, retention time, flow rate, temperature, mixing
requirements, flocculent (polvmer) selection, suspended solids,
precipitate settling and filtration rates, and sludge volume and
characteristics].

@
Performance Data; Precinitation of heavy metals as the metul hydroxidcs or sulfides has

beer, practiccd as the prime method of treatment for heavy metals in
industrial wastewater for many years. lr4ore rccently, precipitatiorr
(usually as the metal hydroxides) has bccn uscd in the elcctronics und
olcctroplating industries as a pretreatrncnt technology for wastcwater
discharge to a publicly owncd treatment works (POTW). Metals
prccipitation is widely uscti to meet NPDE$ lerquirem€nts for the
treatrnent of heavy metal-containing wastcwatcrs.

Because of its succcss in meeting rcquircntcnts for discharge of
trcated wastewater, metals precipitation is rccognizal as a proven
process for use in remedial activities such as ground watcr treatrnont.
Prccipitation (cornbincd with scdimcntation, anrVor fl occulation and
Iiltration) is bccoming the most widcly sclected mgans for heavy
mctals rcmoval from ground water in pump and trcat opclations.
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4.53 Precipitation

Cost:

Rcfcrcnccs:

The primary capital cost factor is design flow rate. Capital costs for
75- and 25O-liters-per-minute (20-gpm and 65-gpm) packaged metals
precipitation syst,:rns are approximately $85,000 and $ I 15,000,
respectively.

The primary factori affecting operating costs are labor and chernical
costs. Operating costs (excluding sludge disposal) are typically in a
range from $0.08 to $0.18 per 1,000 liters ($0.30 to $0.70 per 1,000
gallons) of ground water containing up to 100 rng/L of metals.

For budgetary purposes, sludge disposal may be estimated tJlncrease
operating costs by approximately $0.13 per 1,000 liters ($0.50 per
1,000 gallons) of ground water treated. Actual sludge disposal costs
(including fixation and transpofiation) have been estimated at
ap :i' ximately $330 per metric ton ($300 per ton) of sludge.

Corrts for performing a laboratory trcatability study for metals
precipitation may range from $5,000 to $20,C100. Depending on the
degree of uncertainty or other requirements, a pilot or field
detnonstration may be needed. Associated costs may range from
$50,000 to $250,000 (depending on scale, analytical requirements,
and duration).

Additional cost information can be found in the Hazardous,foxic,
and Radioactive Wastes (flTRW) Flistorical Cost Analysis System
(HCAS) developed by Environnrental Historical Cost Comrnittee of
Intcragency Cost Estimation Group.

Gotoffi
mrifilrfir

Balaso, C.A., et al., 1986. "Soluble Sulfidc Prccipltatlon Strrdy",
Arthur D. Little, Inc., Final Report to USATFIAMA, Report No.
AMXTH-TE-CR-87I06.

Battelle Menrorial institute, 1995. "RcOpt. V3.1", by Battclle
Mcmoriaf Institute for DOE undcr Contract DfllAC06|76RLO 1830.

Bricka, R. Mark, 1988. "lnvcsllgatlon anrl flvaluatlon of thc
Pcrformancc of Solidiflcd Ccllttlose snd Starch Xantlratc llcavy
Mctal Slrrdgcs", USACE-WES'l'schnical lteport EL-88-5.

IlPr\, 1980, Conlrol tnd Trcatmenl Technologtor the Metal
Fi n i s h I n g I n d u st ry : S u lti d e I' re c ip il tt il o r t, EP Al 625 | 8-8(t / 0A3.

EPA, I t)9(1, Innovatlve anl Altcrnalive Technologlt /sscssment
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Fedcraf ftcnrcdiation Tcchnotogics lloundtable, | 998. Remedlotiorr
Ctse Stuilles: Innovalive Grouncltwter Trenlntenl Technologles,
EIrAt542/R-98/0t5.
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4.53 Precipitation

Site Infornlation:

o Ef.Lpsnro g4lqlg4lg_Uraniuqr Mlqglite ]}
" c-qnEltiI?urn f,-!-l N,ew lEnp,tlti. 0,! rin s &l!s_q_A_c_l d_Prt_E tc_pj. W_ur!h_?p_Lg.ud.frll -lYtUtlusp,_MEr EPA llcmoval Action Crorvn Platine. MO

' @egulqttQr,'Ilpe.cd atlen/Dlqqqlyg.d Air Elqtaigq qry!

[eqsjga@@-qesE! sv-qlquq s !etio!' A-QC -l-'

ls!-arya qib:Jlqqde

l.lEESA, 1993. Precipitation of lltetalsfrom Ground lVater. NEESA
Document Number fO.Z-0st.6, Naval Energy and Envirorunental
Support Activity, Port Hueneme, CA.

Tchobanogious. G. and F.L. Burton, 1991. "lVastervater
Engineer[tg - Treatnten! Disposal and Reusc," Third Edition.
Metcalf & Eddy,lnc.
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I'oints of Contact:

' l' eclzirclogy S pccific \Vcb fi itcs :

En8def,

Vcndor Informatiolt:

A !!st of vs-nrlqry q[!br!tg lit $!!rLl]-!tyd"cnl{Q-lrcr}-'--ea! W{tlgi-{:ry4ltrlqtt! is availablc from thc
Vcndor.tnTonnaiioii Sysicm for Innovative 'l'rcaltnqrt l'cclutologics (YI$ll][ dcvclopcd by
U.S. Ilnvironlttcntal Protection Agcncy (flPA).
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4.53 Precipitation

o

Health and Safety:

Page 6 of6
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4.40 Direetional Wells

Synonytns:

'[,'ypica.l 
?iagranr of 14 gsr4*arc used lbr clirectional boring inclucles wireline coring rigs,

Sjtu.Air Slrjppile with hydlnulic thrust systerns, electric coie penetromctcrs, steerin-g
Ilorizgntal We[s riacking hardwar6, soni" Oiiiiirtg, unO fur6 *i-i1g r'itirnr--""

I'lydraulically activated thrust cquipmcnt capable of cxerting more
than 40 tons of thrust is uscd to push the dircctional boring heads into
thc earth. Directional control is obtained by propcr positioning of the
face of the nonsymmetric boring head. Slow rotation of thc boring
head will cut and compact the geologic matcrial into thc borehole
wall. T'hrusting a boring head that is not rotating wil '1usc a
dircctional change. The machincry is capable of initiating a borcholc,
stccring clown.to a desired horizo,ntal depth, continuing at that depth,
anrJ then stecring back to the surfacc at a downrange location.

Page I of4

4.40 Directional Wells
(ln Sltu Ground lY!l€r Remcdlrllon Technology)

ues are used to position wells horizontally, or at an
anglc, to reach contaminants not a<;cessible by direct vertical drilling.
Directional drilling may be used to cnhancc other in-situ or in-well
tcchnologies such as ground watcr pumping, biovcnting, SVE, soil
flushing, and in-well air stripping.

Ilorizontal S'clls.
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to reach contaminants not accessible by direct vertical drilling.
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4.40 Directional Wells

Applicabitity:

Limitations:

Data Needs:

Performance Data:

Page2 of4

Directional well technology is applicable to the cornplete range of
contaminant groups with no particular target group. It is particularly
useful when existing structures interfere with placement of vertical
wells.

ffifFfiffi
Factors that may limit the applicability and effectivc'ness of the
process include:

. The potential exists for the wells to collapse.
c Specialized equipment is required.
r Wells are difficult to position preoisely.
r Installation of horizontal wells is typieally costly.
o Cunently, the technology is limited to depths of less than 50

feet.

It+,ltlltlflllfil
A detailed disc,ussion of these data elements is provided in g_g,bssg11g1

2.2.2. (Data Requirements for Ground Water, Surface Water, and
Leachate).

x@
Testing was performed as part of the Mixed Waste Landfill hilegrated
Demonstration at Sandia Nationc,l Laboratories, Albuquerque, NM.
Several directional holes rvere drilled; a depth of l2 meters (40 feet)
was achieved with a maximum horizontal extent of 174 meters (570
feet).

A DOE field demonstration at the Savannah River site was performed
in FY90 for in situ air stripping (ISAS), a mass transfer process that
uses horizontal injection and vacuum extraction wells to remediate
sites contaminatcd wrth VCCs within the vadose zone and soil/ground
water in the saturated zone. Air is injected into the saturated zone
through horizontal injection wells placed below the water table. As
the air passes through the contanrinant plume, it volatilizes the
chemical coustitucnts. This process performs best in homogenecus
soil oonditions, while hetcrogeneities such as formations, fractures,
clay layers, and partial clay lenses hinder performance. Clay layers
often have high contaminant concentrations, whilc stratigraphy can
causc prefercntial flow paths and limit the process efficienCy. ISAS
has been shown to be effective v;hen some intcrbedded, thin, and/or
discontinuous clays are present. A full-scale demonstration, including
4o/o methane enhancement as a biorernediation nutrient in the iniectidn
well, was conducted during FYgz,with results to be available in
FY93. Better underground transport modeling ancl biorenrediation
rnodcling arc needed. The technology was also used successfully in
the DOE VOCs in the Non-Arid Solis Intcgratcd Demonstratiori in
Savannah River, South Carolina. Testing of dircctional boring for
monitoring equipment installation was performcd in zur actual
contaminationzonc during the surnlncr of 1992.
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4.40 Directional Wells

Cost:

References:

Site Information:

" D-oLDeuo S-eyrutgJr3lysr-$ite,-gg

Page3 of 4

Estimated costs are about $60 to S250 per meter ($20 to $75 per foot)
for hydraulic bi-directional thrust drilling. Sonic drilling can be as
much as $330 per meter ($100 per foot).

EEHMTfiffi
DOE, 1991 . Horizontal Hyhrid Directiond Boring,F.Y9? Technical
Task Plan, TT'P Reference No.: AL-2U23-J2.

n
DOE, I 99 1. SftS In tegrated Denonstration : Directional D ri llirlg,
FY92 Technical Task Plan, TTP ReferenceNo.: SR-l2l l-01"

DOE, 1992. Directional Sonic Drilling, FY93 Technical Task Plan,
TTP Reference No.: AL-23 I l-05.

DOE, 1993. Directional Boring and I'hrusting with Hybrid
U n d e r g r o un d Ut i I ily In d a s t ry E q u i p nte nt, P r oT ech Database, TTP
References: AL22l I -16 and AL22l | -03.

DOE, 1994. Technologt Catalogua, First Edition, February.

DOE, 1993. Technologt Name: Slant-Angl,t Sonic Drilling,
Technologt Information Prolile (Rev. 2), DOE ProTecli Database,
TTP Reference No.: l\L2310-05

EPA, 1994. Mutusl: Alternative ll[ethodsfor Fluid Delivery cnd
Recovery, Prepared by: Murdoch, L., and Wilson, D"D. EPA/625/R-
94t003.

WA,l29L4tslytg46ql9e_tedEu!ryleellt.eJtt,s[at-$_qlYJp-qr
nxtriirio_u"EP4€[-V.ER;E-F7VS_D"/f 5j106-t,

Kaback, D., and Oakley, D,1996. "Horizontal Environmental Wells
in the United States: A Catalogue," Colorado Ceqter for
Environrnental Managernent (CCEM).

Vy'ilson, D.D., and Kaback, D.S., 1993. "Industry Srrrvey for
llorizont-al W_ells", Westinghouse Savannah River Company (DOE),
Aiken, SC. WSRC-TR-93-5 I l.

Wilson, D.D,, 1996. "Use of llorizontal Drilling In llnvirommental
Rernediation: A Horlzontal Well Case Study", Water Well Joumal,
Febnrary.

Wilson, D.D,1996., "Horizontal Wcll Dcvelopment Made Easy',,
Water Well Journal, October.
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4.40 DirectionalWells

Points of Contact:

Technology Specific Web Sites:

Health and Safefy:

Page 4 of4
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Vendor Information:

A Lislpf wa4o:q stenggln SjtrlBby$!qv_eb91q!gg!,1[3!9{rr9at!0qnt is available frorn the
vdilveTreatm enTTechno lo gi es (Vl$J]- l) devel o p ed by

U.S. Environmental Protection Agency (EPA).
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4.58 Ground Water Pumping

llgulg_1_16:
TypicalQ'_pu4d_![4!eq
luirtping-Sys!eru

Possible objectives of ground water pumping include removal of
dissolved contaminants from the subsurface, and containment of
contaminated ground water to prevent migration.

4.58 Ground Water Pumping
(Ground Wrter Contalnment Remedlatlon Technology)

Page I of 12

The first step of .rny remediation project consists of defining the
remedial action objectives to be accomplished at tlre site. Tiris
involves gathering enough background site information and field data
to make assessmcnts of remedial requirements and possible r:leanup
levels. The first determination is whether cleanup or containment ri,ill
be the most appropriate remedial action. If cleanup is chosen, the
level of cleanup.must be detennined. If containnrent is chosen, ground
water pumping is used as a hydraulic barrier to prevent off-site 

-

migration of contaminant plumes.

The next conrponent consists of thc design and implementation of the
ground water pumpingsystem bas-ed on data evaluated in setting the
goals and objectirres. Thc criteria for well design, pumping system,
and treatment are dependcnt on the physical site characteristics anri
contarninant type. Actual trealment may include the dcsign of a train
of processes such as gravity segregation, air strippers, caibon systems
tailored to remove specific contaminante.

ater,

water pumprng is a component of many
which are sonle of the most commonly used ground water
n technologies at contaminated sites.
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4.58 Cround Water Purnping Page? of 12

Another component of any ground water extraction system is a
ground water monitoring program to veriff its effectiveness.
Monitoring the remedial with wells and piezometers allows the
operator to make iterative adjustments to the system in response to
changes in subsurface conditions caused by the rernediation.

The final component is determining ttre tennination requirements.
Tennination requirements are based on the cleanup objectives defined
in the initial stage of the remedial process. The tern,ination criteria are
also dependent on the specific site aspects revealed during remedial
operations.

Although pumping foi containment implies no treahnent the
following treatments usually follow pumping in pump and treat
systems. These are briefly described below and in detail in technology
profiles 4.47 through 4.55:

4.47 Bioreators:
Contamlnantt-rn extracted ground water are put into contact with
microorganisms in attached or suspended growth biological reactors.
In suspended systems, such as activated sludge, contaminated ground
water is circulated in an aeration basin. In attached systems, such as
rotating biological contractors and trickling fi lters, microorganisms
are established on an irrert supporl matrix.

4.48 Constructed wetlands:
TG constructexi weiiind's-Uased treatment technology uses natural
geochemical and biological processes inherent in an artificial rvetland
ecosystem to accumulate and remove metals and other contaminants
frorn influent waters.

4J9 ndr o_{pt!e r/Abqrption:
In liquid adsorption, solutes concentrate at the surf?rce of a sorbeut,
there,by reducing their concentration in the bulk liquid phase. The
most common adsorbent is granulated activated carbon (GAC) (se,e
Technology Profile No. 4.51). Other natural and synthetic adsorbents
include: foruge sponge,lignin adsorption, sorption clays, and
synthetic rcsins.

410 al{8{ippltsi
Volatile organlc_s are partitioned from ground rvater by increasing the
surface area of the contaminated water exposed to air.. Aeration
methods include packed towers, diffused aeration, tray aeration, and
spray aeration,

4,51GranulatedActiva!q_d-_C-'4-fu rr(-.c4Q)1r!qrrtd-lb.a9_q.-C'ar!,-qn
ad-sq.rr{igd
Cround rvater is pumped through a series of canisters or columns
containing activated carbon to which dissolved organic contaminants
adsorb. Periodic rcplacemcnt or regeneration of saiurated carbon is
rcquired.
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4.58 Ground Water Pumping

+.Z:* qoqharyut
Iol exchange removes ions from the aqueous phase by the exchange
of cations or anions between the contaminants and thi exchange
medium. Ion exchange materials rnay consist of resins rnade fom
synthetic grganic materials that contain ionic functional groups to
whjch exchangeable ions are attached. They also may belnoiganic
and natural polymeric materials..After the resin capabity has been
exhausted, resins can be regenerated for re-use.

4# Precipitation/Coasul atiqrl/I-lgggglglg!:
This process transforms dissolved contaminants into an insoluble
solid, facilitating the contaminantrs subsequent removal from the
liqlidphase by sedimentation or filtration, The process usually uses
pH adjustment, addition of a chemical precipitant, and flocculltion.

4.s+ sppeglian'
separation processes seek to detach contaminants from their mediurn
(i.e., ground_water and/or binding material that contain them). Bx sihr
separation olyqs-te stream can be performed by many processes: (l)
di sti I lation, (2) fi llrati on/ultrafi ltraii on/microfi itrati on, (l) freere
erystallization, (+fmembrane pervaporation and (5) r6viis" osmosis.

" 4.5*s_$pqi*!sr_I1geatien:
wastewater is distributed over the top of the filter bed through which
wastewater is trickled. The orgarric cbntaminants in wastewater are
degraded by the microorganisms attached to the filter medium.

I Surfnctant Enhanced Recovery

The application of surfactants micelles or steam to the ground water
can facilitate the ground water pumping process by incieasing the
mobility and solubility of the contaminants sorbed to the soil-matrix.
This material can also facilitate the entrainment of hydrophobic
contaminants to allow removal and assures that mulii-phise
contaminants can be effectively removed. Thu ' it can increase the
contaminant mass removal per pore volume of ground water flushing
through the contaminated zone.

Thc implementation of surfactant-enhanccd recovery rcquires the
inje.ction of surfactants into a contaminated aquifcr. Typicar systems
utilize a purnp to extract ground water at som6 distanie awayhom the
injection point. The extracted ground water is treated ex sitri to
separate thcinjected surfactants frorn the contaminants and ground
water. In order to be cost-effective, the design of the surfactint-
enhanced rccovery systenl is critical. Once tlc surfactants have
separat-ed fio_m thb giouncl rvater they can be rdinle"teA inio tfre
subsurface, contaminants must bc sepalated llornthe ground water
and treatcd prior to discharge of the extracted grouncl iater.

I Drandorvn Puntping

Page 3 of 12
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4.58 Ground Water Pumping

Synonyms:

Applicability:

Pump drawdown nonaqueous-phase liquid (NAPL) recovery systems
are designed to pump Nepl and ground water from recovgry wells or
trenches. Pumping removes watefand lowers the water table near the
extraction area toireate a cone of depression. The cone of depression
in the vicinity of the extraction well produces a gravity head that
pushes flow bf NAPL toward the u'eli and increa.ses the thickness of
the NAPL layer in the well. Each foot of ground water depression
provides a driving hcad equivalent to a pressure difference of'0.45 psi.
In most cases, the production of a cone of depression will increase
NAPL recovery rates.

Pumping may be accomplished with one or two pumps. In the single-
pump configuration, one pump withdraws both water and NAPL. The
dual-pump configuration uses one pump located below the water table
to removo water and a second located in the NAPL layer to recover
NAPL. A single-pump system reduces capital and operating costs and
allows simpler control systems and ope,ration, but produces a stream
of mixed water and NAPL that must then be separated.

r,frffffi1fi|
Pump and treat.
DSERTS Code: Ql (Waste Removal - Liquids)

Effi
The first step'in determining whether ground water pumping is an
appropriate remedial technology is to conduct a site characterization
investigation. Site characteristics, such as hydraulic conductivity, will
determine the range of remedial options. possible. Chernical propertips
of the site and plume need to be determined to characterize transport
of the contaminant and evaluate the feasibility of ground water
purnping. To detcrmine if ground water puntping is appropriate for a
site, one needs to know the history of the contaminatiolt evettt, the
properties ofthe subsurface, and the biological and chen,ical
contaminant characteristics. Identifying the chemical and physical site
characteristics, locating the ground water contaminant plume in three
dimensions, and detennining aquifcr and soil properties are necessary
in designing an effective ground water pumping strategy.

Surfactant-enhanced rccovery are most applicable for contarninated
sites with enhanced light, nonaqueous-phase liquids (LNAPLs) and
dcnsc, nonaqueous-phasc liquids (DNAPLs).

Drarvdown pumping is effcctive for NAPL recovery when the aquifer
has moderatc to high hydraulic conductivity and a thick layer of lorv-
viscosity NAPL. An aquifer with high hydraulic conductivity gives
less flow rcsistance of l.lAl'L into the well. A thick layer of NAPL
allows the purnping system to collcct a high proportion of NAPL in
rclation to thc arnount of ground watcr. For best operation, the NAPL
thickness should bs sufficient to cornpletely cover the purnp suction
p0rt.

Page 4 of 12 I
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4.58 Ground Water Pumping

Limitations:

Page 5 of 12

Drawdown pumping is a commercially available technology that can
be easily implernented with conventional pumps in wells or trenches.
System installation costs are low to moderate, but the cost per amount
of NAPL recovered varies greatly.

FffiTfi@
The following factors may limit the applicability and effectiveness of
ground water pumping as part of the remedial process:

o The potentially long time necessary to achieve the remediation
goal

. Systerrr designs fail to contain the contaminant as predicted,
allowing the plume to migrate and failure of the pumping
equipment.

o Residual saturation of the contaminant in thc soil pores cannot
be removed by ground water purnping. Corr nminants tend to be
sorbed in the soil matrix. Ground water pumping is not
applicable to contaminants with high residual saturation,
contaminants with high sorption capabilities, and homogeneous

aquifers u,ith hydraulic conductivity less than l0-5 cm/sec.

o The cost of permitting procuring and operating treatment
systems is high. Additional cost may also be attributed to the
disposal of spend carbon and other treatment residuals and
wastes.

r Biofouling of the extraction wells and associated treatment
stream is a common problern which can severely affect system
performance. The potential for this problem should be
evaluated prior to the installation,

The following factors may limit the applicability and effectiveness of
surfactant-enhanced recovery:

o Subsurface heterogeneities, as with most ground water
remediation technologies, present challenges to the successful
inrplementation of surfactant-enhanced recovery

o Potential toxic effects of residual surlhctants in the subsurface

o Off-site migration of contarninants due to thc increase solubility
achieved with surfactant injection Obtaining regulatory
approval to inject surfactants into an aquifer.

The following factors rnay limit the applicability and effectivcness of
clrawclown purnping:

o Drawdown pumping generally produces large volumes of watcr

ltttp: I I ww w.fi1r.gov I mutrix2l section4 I 4 
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Data Needs:

Pcrformance Data: tlOE has developed and testcd many pump and treat technologies for
hazardous waste removal over thc past twenty years. Performance
data on some of the most recent DOE sites can be in the Technology
Application Analyses and site information below.

@
Cost: Cost data varics from site to site for ground water pump and lrcet

technology. Itcccnt cost data on a few of DOE's sites can be found
below in the links to the Technology Application Analyses and in the
site information.

Additional cost infonnation can bc found in the Hazardous, Toxic,
and Radioactivc Wastcs (HTI(W) I'listorical Cost Analysis System
(HCAS) dcvcloped by Environmental l-listorical Cost Comrnittcc of
Intcragcncy Cort Estimation Gror"rp.

cotow

in the process of recovering the free product.

o The production of a cone depression in the water table can
smear the free product or trap the fliel in the saturated zone
when the watei table retums to its original level.

ffilE
Coilecting as much background site data as possible, obtaining
accurate information on the type of contaminants present, and
determining the hydrogeological nature of the site are essential.
Contaminant intbrmation needed consists of: l) source
charactenzation, including the volume released, the area infiltrated,
and duration of release; 2) concentratiun distribution of contaminants
and naturally occurring chemicals in the ground water and soil; and 3)
proc€sses afTecting plume development, such as chemical and
biological reactions-influencing contaminant mobility. Hydrogeologic
information include determining the size of the contaminated aquifer,
depth to water table, hydraulic conductivity of the surrounding aquifcr
material, impermeable units and confining layers, ground water flow
direction and velocity, rechatge and discharge areas, seasoual
variations of ground water conditions, and local ground water use.
Methods for determining aquifer properties include a slug test, puntp
test, and a borehole flowmcter test, The pump test mnsists of
pumping one well and meae:rring fhe watcr level response of
sunounding wells. A slug test measures the rate at which water level
in one well returns to its initial state aftcr inducing a rapid rvater level
change by inhoducing or with drawing a volume of water. The
borehoie flowmeter test measures flow direction and rate in a
borehole.

wqEHE|
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*Effifffir
Points of Contact:

Tcchnology Spccific Web Sitcs:

M
Vendor Information:

A liqt,qlyeglprqef€rue_\Lb!9r--Qqntgultl0gu!-Tt9{r!nql]!.is available from thc Vendor
Infoim.,,ion StiternEilnnovativc'freatment'l'echnologies (VISIIIIJ developed by U.S.
Envirorrmental Protectio n Agcncy (EPA).

W@
Ilcalth and SafctY:
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4.59 Slurry Walls Page I of5

4.59 Slurry Walls
(Ground Water Corhl.ment Remcdhalon'l'echnology)

urTv walls are to contain contaminated ground water, divert
contaminated ground water from the drinking vrater intake, divert
uncontaminated ground water flow, and/or providc a barrier for the
ground water treatment system.

These subsurfacc barriers consist ofa vertically excavated trench that
is filled with a slurry. The slurry hydraulically shores thc trench to
prevent collapse and forms a filter cake to reduce ground water flow.
Slurry walls often are uscd where the waste mass is too large for
treatmcnt and where soluble and mobile constituents pose an
imrninent threat to a source of drinking water.

Slurry walls are a full-scale tcchnology that have been used for
dccades as long-tenn solutions for controlling seepage. They arc oflcn
used in conjunction with capping. The technology has demonstrated
its effectivcness in containing greater than 95%o of the uncontarninatcd
ground water; however, in contaminated ground water applications,
specific contaminant types may dcgrade the slurry wall i6mponents
and reducc the long-term effcctivcncss.

Most slurry rvalls are constructccl of a soil, bentonite, and water

'ound Water, liurlace Water,

consrst ot vertlcally excavated
Iled with slurry. The slurry', usually a mixture of bentonite and
atcr, hydraulically shores the trench to prevent collapse and retards

nd water flow,
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4.59 Slurry Walls

Synonyms:

Applicability:

Limitations:

mixture. The bentonite slurry is used primarity fo,r wall stabilization
durine trench excavation, A soil-bentonite backfill material is then

;il;"fi into ttt" trench (displacing the slurry) to-create the cutoff wall.
ii[iir "fi[i. 

r"rp"iit]on'provid'e a baniei with low.permeability and

chemical resistance at low cost. Other wall compositions, such as

cement/b entonite, pozzolanlb entottite, attapul gi te, o rgani call y
;;aifi.,l bentoniie, or slurry'/geomembran-e composite, may beused if
;;;i;rt*;rural strength iirlquired or if chemical incompatibilities
Eetween benton ite. and si te con'?ami nants exisl.

Slurrv walls are typically placed at depths up to 30 meters (100 feet)

and aie eenerallvO.6 to 1.2 meters (2 to 4 feet) in thickness'
ffi;ihi"d Oepitrs over 30 m (100 R) are implemegtable using clam

rt"ii Ur"t"t eicavation, but the cost perunit area of wall inoreases by
about a factor of three. The most effe-ctive applicat.ion of th-e slytry
*uli ior site remediation or pollution control is to base (or key) the

siurry wall 0.6 to 0.9 rneteri(2 to 3 feet) into a.low permealility layer

such'as clay or bedrock, as sliown in the preceding figure'.This
iievinc-ini provides foi an effective foundation with rninimum
lealiasEpotehtial, An altemate configuration for slttrry rvall

inriutlition is a "hanging" wall in which the wall projects into the

sround water table tJblock the rnovement of lower densify or floating
Eonluminants such as oils, fuels, or gases. Hanging walls are used less

frequently than keyed-in walls.

ffiEffiflbffi
Verti cal cutoff walls; Hydrodynamic ban iers ; Slurry Trenches'
DSERTS Cocle: lZ (Shirry Walls,{Jnderground Barriers)

' ffmffim
slurry walls contain the ground water itself, thus treating no particular
tarsei group of corttaminants, They are used to contain contamiirate<l

grJun{*ufer, divert contaminated ground water fromdrinking water

fiitukr, divert uncontaminated ground water flow, and/or provide a
barrier for the ground water treatment system.

W
Factors that rnay limit the applicability and effectiveness of the
process include:

r Most of the approaches involvc a large amount of lteavy
construction.

o 'fhc technology only contains contaminants within a specific
alea,

. Soil-bentonite backfills are not able to withstand attack by
strong aoids, bases, salt solutions,and some organic chemicals.
Othefslurrymixturd3 can be developed to resist specific
chemicals.

o There is the potential fbr the sltrrry rvalls to clegrade or
deteriorate over time'

o Use of this technology does not gttarantec that further
remediation in the future may not be necessary,
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4.59 Slurry Walls

Data Needs:

Performance Data: '

Cost:

Page 3 of5

HiEf,ffi?/llg
A detailed discussion of these data eletnents is provided in $&lgctisq
2.2.2. (DataRequirements for Ground Water, Surface Water, and
Leachate).

The following factors, at a rninimum, must be assessed prior to
designing ef$ctive soil-bentonite slurry walls: lnaximum allorvable
penieability, anticipated hydraulic gradients, required wall stren gth,
ivailability-and graile of b6ntonite to be used, boundaries of
contamination, Compatibility of wastes and contaminants in contact
with slurry wall rnaferials, characteristics (i.e., depth, penneability,
and continuity) of substrate into which the wall is to be keyed,
chuacteristic-s-of backfill material (e.g., fines content), and site tenain
and physical layout.

gruffirrgf,
Slurry walls have been used for decades, qg lhe equipment and_

methbdology are readily available and well known; however, the
process of designing the proper mix of wall materials to contain
specifie contatninants is less well developed. Excavation alrd
b-ackfilling of the trench is critical and requires experienced
contractors.

ffillH
Costs likely to be incurred in the deslgrr and installation of a standard
soil-bentonite wall in soft to medium soil range from $540 to $750
per square meter ($5 to $7 per square foot) (1991 dollars). These costs
do not include variable costs required for chemical analyses,
feasibility, or compatibility testing. Testing costs depend heavily on
site-specific factors.

Factors that have the most significant impact on the final cost of soil-
bentonitc slurry wall installation include:

o Type,activity, and distribution of contaminants.
r Depth, length, and width of wall.
o Geological and hydrological characteristics.
r Distance from source of materials and equipment.
r Requirements for vrall protection and maintenancc.
o 'fype of slurry and backflrll used.
o Other site-specific requirements as identified in the initial site

assessment (e.g., presence of contatninants or debris).
. Planning, permitting, regulatoty interaction, and site

restoration.

Additional cost information can be found in the Hazardous, Toxic,
and Radioactive Wastes (li'lltw) Llistorical Cost Analysis System
(HCAS) developed by Environmental Ilistorical Cost Conrmittee of
Intcragcncy Cost Estimation Group.
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4.59 Slurry Walls

Site Information:

Points of Contact:

Technology Specific Web Site:

Ilcalth and Safcty:
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Vendor Information:

A list olfe1rdors offerine In Situ Phyjtgglg!9lqigq!_lyater Treatment is available fiom the
Vendor Information System. for Innovative T'reatment Technologies (VISITI) developed by
U.S. Environmental Protection Agency (EPA).
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4.30 Landfill Cap
(Soll Contrlnnrent Remedlrtlon'fcchnology)

Caps can minimize exposure on the surface of the waste
facility.
Prevent vcrtical infiltration of water into wastes that would
create corrtaminatecl lcachate.

o Contain waste while treatment is being applicd.
o Control gas ernissions from underlying wastc.
o Create a land surface that can support vegetati<ln anrVor be used

for other purposes.

Landfill Capping is the most conilnon fonn of remediation because it
is gcncrally less expensive than other technologies and effectively
mauages the humarr and ecological risks associatc.d with a remediation
srtc,

The design of landfill caps is site specilic and depcnds <ln the intended
functions of the systcm. Landfill Caps can range from a olrc-layer
systcm of vcgetated soil to a complcx multi-laycr systeut of soils and
gcosynthctics. In gencral, lcss complcx systcms arc rcquircd in dry
clirnates and lnore cornplcx system$ are rcquircd in wet climates. The
matsrial used in the construction of landfill caps include low-
pormeability and highllenneability soils and low-pcnneability
geosyntheti c products. T'he low-permeabil ity materi als divcrt vrater

o

a
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4.30 Landfill Cap

and prevent is passage into the waste. The high-permeability
mat6rials carry bateiaway that percolates into the cap. Other
materials rnay be used to increase slope stability.

The most critical componetrts of a landfill cap are the barrier layer and
the drainage layer. The barrier layer can be low-permeability soil
(clay) andTor gccsynthetic clay liners (GCLs). A flexible
leoniembrane liner is placed on top of the barrier layer.
Geomernbranes are usially suppliCd in large rolls and are available in
several thickness (20 to 140 dii), rvidths (15 to 100 ft), and lengths
(180 to 840 ft). The candidate li.st of polymers commonly-us-ed is
l'engthy, which includes polyvinyl chloride (tVC),polyethylenes of
variou-s densities, reinfoi'ced chlorosulfonated polyethylene (CSPE-
R), polypropylene, ethylene interpolyner alloy (E_lA), anc!rnany
n6wcorirers. Soils used as banier materials generally are clays that are

compacted to a hydraulic concluctivity no greater than I * !9-6 -

cm/sec. Compacted soil barriers are gcnerally installed in 6-inch
minimum lifts to achieve a thickness of 2 feet or more. A composite
barrier uses both soil and a geomembrane, taking advantage of the
properties of each. The geomembrane is essentially irnpermeable, but,
if if develops a leak, the soil component prevents significant leakage
int,o the underlying waste.

For facilities on top of putrescible wastcs, the collection and control
of methane and carbon dioxide, potent greenhouse gases, must bc part
of facility design and operation.

7 Asphalt/Concrete Cap

The rnost effective single-iayer caps ale composed of concrcte or
bituminous asphalt. It is used to fornr a surfaco barricr between
lantlfill and the environment. An asphalt concrete cap would rcduce
leaching through the landfill into an adjacent aquifer.

> RCITA Subtille C Cap

Thc RCRA C multilayered landfill cap is a baseline design that is
euggcsted for use in RCRA hazardous waste applications. 'Ihese caps
generally consist of an upper vsgetative (topsoil) layer, a drainagc
laycr, and a low pcrmeability laycr which consists of a synthetic liner
ovcr 2 fcet of compacted clay. The compacted clay liners are effcotivc
if they rctain a certain moisture content but are susceptible to cracking
if the clay matcrial is dcsiccatcd. As a result altcmate cap designs arc
usually considcred for arid snvironmcnts,

> IICIIA Subritle D Cult

I{CI{A Subtitlc D rcquircrnents arc for nonJrazardous waste landfills.
Thc dcsign of a landlill cover for a RCITA Subtitlc D lhcility is
gcncrally a function ol'lltc bottorn lincr systetn or natural subsoils
prescnt. 'fhe cover must meet thc f<rllowing specifications:
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4.30 Landfill Cap

Synonyms:

Applicability:

Limitations:

o the material must have a permeability no greater than I x l0-5
cm/s, or equivalent permeability of any bottorn liner or natural
subsoils present, whichever is less.

r The infiliration layer must contain at least 45 cm of earthen
material.

o The erosion control layer must be at least l5 cm of earthen
material capable of sustaining native plant growth.

Altemative design can be considered, but must be of equivalent
performance as the specifications outlined above. All covers should
be designed to prevent the "bathtub" effect. The bathtub effect occurs
when a more perrneable cover is placed over a less pemleable bottom
liirer or natural subsoil. The landfill then fills up like a bathtub.

FffiiftfrFlil
Cap; Landfill cover; Surface cover.

DSIIRTS Codes: I0 (Containment)
Il (Capping)

Landfill Caps may be temporary or final. Ternporary caps can be
installed before final closure to minirnize generation of leachate until
a better remedy is selected. They are usually used to minimize
infiltration when the underlying waste mass is undergoing settling. A
more stable base will thus be provided for the final cover, reducing
the cost of the post-closure maintenance. Landfill caps also may be
applied to waste masses that are so large that other treatment is
impractical. At mining sites for example, caps can be used to
minimize the infiltration of water to contarninated tailings piles and to
plovidc a suitablc base for the establislrment of vegetation. In
coniunction with water diversion and detention structures, landfrll
capi rnay be dcsigned to route surface water away ilom the waste area
while minimizing erosion.

IWUEil
Landfilling cloes not lessen toxiiity, mobility, or volume of hazardous
wastes, but does mitigatc rnigration. Landfill caps are most effectivc
whcre rnost of the underlying waste is abovc the water tablc. A cap,
by itself, cannot prcvent the horizontal flow of grouncl watcr through
the waste, only thc vertical cntry of watcr into thc waslc. IIr nrany
cascs landfill caps are used in conjunction with vcrtical walls to
minimirc horizontal flow and migration. Thc cffcctivc life of landfill
cornponcnts (including cap) can bc extendcd by long-tcrm inspcction
and maintcnancc. Vegctation, which has a tcndcrtcy for deep r<lot
penelration, must be eliminated frorn thc cap arca. In addition,
prccautions lnust bc takcn to assumc that thc intcgrity of lhc cap is not
compromised by land usc activities.

Page 3 of7
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4.3OLandftll Cap

Data Needs:

Performancc Data:

Cost:

A detaited discussion of these data elements is provided in Subsgctio!
2.2.1(DataRequirements for Soil, Sediment, and Sludge). Many
Iab=oratory tests are needed to ensure that the materials being,
considered for each of the landfrll cap components are suitable. Tests
to detennine the suitability of soil include grain size analysis,
Atterberg li mits, and compaction characteri st i cs. Land fi I I i nstability
can be solved by understanding interface friction propertieb belween
all naterial layers, natural or synthetic. The major engineering soil
properties thai rnust be defured are the shear strengtf apd hydraulic-conductivity. 

Shear strenglh may be detennined with the unconfined
compression tesl direct shear test, or triaxial compression_test.
Hydiaulic conductivity of soils may be measured in the laboratory by
th'e constant head penireability test or the falling head permeability
test. Field hydraulic conductivity tests on test pads are generally
recommendbd prior to actual cover construction to ensure that the
low-permeability requirements can actually be tnet under construction
conclitions.

L,aboratory tests are also needed to ensure that geosynthelic materials
will rneet the cap requirements, For example, geosynthetics in caps
may tre subjected to tensile stresses caused by subsidcncc and by the
gravitational tendency of a geomembrane or material adjacent to it to
slide or be pulled down slopes.

Since facility performance is a function of quality construction more
so than selection of materials, conslruction quality assurance of caps
are critical. EPA has gencrated a technical guidance docunrent on this
subject. Thc technica! guidance should be strictly followed during
dcsign and construciion.

@@
Previously installed caps are hard to monitor for perforinance.
Monitoring wcll systems or infiltration monitoring systems can
providc some informalion, but it is oftcn not possible to determine
rvhcther thc water or leachate originatcd as surfacc water or ground
watcr. Pcrlbnnance can be monitored much more effectivcly by
including pan lysirnctcr in future caps.

rrffi!ffiH[t
Landfill caps arc generally thc least expensive way to managc the
hunran hcalth and ccological risks effectivcly. Rough industry cost arc
SlT5Wacre for IICIIA Subtittc D, and $2251<lacre for RCITA Subtitle
C.

Additional cost inlbrination can bo found in thc I'laz.ardous, Toxic,
arrrl l(arlioaclivc Wastcs (fffRw) I'listorical Cost Analysis Systern
(l'ICAS) dcvclopul by Environrnental I'listorical Cost Committec of
I.ntcragcncy Cost Bstimation Group,

cotoffiffi

Page 4 of7 t
I
I
I
T

t
T

T

T

I
t
t
T

x

T

,T

I
I
tIttllt : I I w w vt frt r. go v/r n a t ri x 2 /s cc t i o n 4 I 4 

-30,htrl'l

@@

tzi20t00



lsrlo

I

e.I
I
T

I
I
I
I

I
t
T

I
t
I
t
I
I
t

4.30 Landfill Cap
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4.30 Landfill Cap
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Sitc lnformation:
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Points of Contact:

'l'cchnology Speciflc Wcb Sitcs:

Vcndor Information:
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4.30 Lanrlfill Cap

Ilealth and Safety:

PageT of?

4-!isl-ef]Leidqu,-q8,n!g-$!il Cqntain!g.enl}egJmed is available from the Vendor
Infonnamii SJstern tbiinnovatfue Treatment Technologies (YISIIT) develope.d by U.S.
Environmental Protection Agency (EPA).
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4.3L Landfill Cap Enhancennents
(Soll Contetnment Renedlafion Technology)

ription: The precipitation to the landfill cover is balanced by the combination
of following effects: run-off, cumulating in soil, evapotranspiration,
and percolation. F'or a given arnount of precipitation, in order to
reduce or eliminate percolation, the effects of run-off and/or
evapotranspiration need to be enhanced,

b llnter llarvesli,tg

Water harvesting uses runoff enhancement to manage landfill site
water balance. This enhancement can be achieved by simply covering
landfill cover surface with metal rain gntter placed parallcl to the
slope. The percentage of runoff increases when gutter coverage
increases. I{owever, too much coverage e 4A%) has little effect on
runoff enhancement.

Y Vegetative Cover

Vegetative cover reduces soil moisture via plant uptake and
evapotranspiration. Plant cover also lirnits soil erosion. Vegetative

I
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ta
) purpose of laildtlll c,over enhancenlellt ls to reouce or eltml
taminant migration (e.g. percolation). Water harvesting and

ive cover are two ways for landfill cover enhancemsnts. Watt
ing uses runoffenhancement to lnanags landfill site water
r. Vegetative cover reduces soil moisture via plaut uptake and

Enhancements
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4.31 Water Harvesting Vegetative Cover

Synonyms:

Applicability:

Linritations:

Data Needs:

Pcrformance Data:

Cost:

cover is more stable because it emphasizes use of natural materials
and cnnfigurations, rvhich implies longevity.

@
NA

Effiffi
Landfill cover enhancement is applicable for traditional landfills,
surface impoundment's, waste piles, sludges, and some mine tailings.
It rnay prove to be less costly than a conventional barrier becaus: it
uses sirnple structure or local resources. It is simple in design, easy to
install over an existing landfill cover, and easy to remove if other uses
for the land emerge in the future.

W
Factors that may limit the applicabilify and cffectiveness of these
processes include:

r Proper site cvaluation is required.
o Plant coverage is seasonal.
o To.o much gutter coverage,(.> 40Yo)has little effect on runoff

enhancement.
o

Effi
A detailed discussion of data elements is provided in Sub,s-gclign !.21
(Data Requirements for Soil, Sediment, and Sludge).

Landfillcoverenhancententtffi"*techn<,logythatisstill
being tested and demonstrated.

Naval Facilities Engireering Services Center initiated a demonstration
project at Marine Corp Base Havtaii to evaluate infiltration contrcl
cover design. Metal rain gutters were placed on the ground surface
and parallel to the slope. Ilemaining surface was seeded with 6 native
grasses and shrubs. After 9 months of operation, it was found that
plots with runoff enhancement had 2 to 5 timcs more runoff, and 2 to
3 times less percolation.

E@
The simple configuration of landfill cover enhancement should result
better containment with little increase in costs. These costs are
currcntly determined on a case-by-casc basis because of construction
rnaterial availability an<l design requirements at various site locations.
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4.31 Water l{arvesting Vegetative Cover Page 3 of4
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Site Information:
D
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HffiIIfiTifiH

Points of Contact:

Technology Specific Wcb Sitc:

Hfiilffi
Vendor Inf<lrmation:

A list of vendo1,g offe1i11g $_oil Cgntainryc4! f194!Ue!! is available from the Vendor
inforrnaaion Sysiem foi lnnovative'lleatment TeChnologies (VISITf) developed by U,S.
Ilnvironmental Protection Agency (EPA).
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4.31 Water Harvesting Vegetative Cover

Henlth and Safety:
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4,32 Excavationo Retrieval, and Off-Site Disposal
(Othcr Soll Remedlatloil Tcchnotogy)

@@ffiffiHW@

4 .32 Excav ation, Retrieval, antl Off- Site D i sposal Page I of5

F jgur,e-4:32.:Jyp:sal

Contaminated Soil
Excavatiorl Diagram

Contarninated material is removed and transported to permitted off-site
treatment and/or tlisposal facilities. Some pretreatment of the contaminated
media usually is required in order to meet land disposal restrictions.

Confined disposal facilities (CDFs) are engincered structure enclosed by
dikes and designed to retain dredged nraterials. A CDF may have a large cell
for material disposal, and adjoining cells for retention ancl decantation of
turbid, supernatant water. A variety of linings have been used to prevent
seepage through the dike walls. J"he most effective are clay or bentonite-
cement slunies, but sand, soil, and sediment linings have also been used.

Location and design are two important CDF consideration. Terms to consider
in the locatiorr of a CDF are the physical aspects (size, proximity to a
navigable waterway), the design/constnrction (geology/hydrology), and thc
environmental (cunent use of the area, environmental value, and
environmental cffects). The primary goal of a CDF design is minimization of
contaminant loss. Caps arc the most effective way to minimize contaminant
loss from CDFs, but selection of proper lincr rnaterial is also an important
control on CDFs. Finally, CDFs require continuorrs monitoring to ensure

i.7- O!,h e r-T r-c-atm a r t

Descrintion

il. Sediment. and Slu

.32Excavation,
l. and Off-Site

material is removed and transported to permitted off-site
and disposal facilities. Pretreatment may be required.
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4.32 Excavation, Retrieval, and Off-Site Disposal

Synonyms:

Applicability:

Limitations:

Data Nccds:

l'crformancc Data:

structural integrity.

Operation and maintenance duration lasts as long as the life of the facility.

DSERTS Corles:
ffi

E0 (Removal)
El (Waste Removal-Soils)
Rl (Waste Removal-Sludges)
S1 (Waste Removal-l.lon-soil Solids)

ffi{ffiffi
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Excavation ancl off-site disposal is applicable to the complete range of
contaminant groups with no particular target group. Excavation and off-site

by relocating the waste to a different (and presumably safer) site.

Fastors that may limit the applicability and effectiveness of tlte process

include:

o Generation of fugitive emissions may be a problem during operations.
o I'he distance from the contaminated site to the nearest disposal facility

with the required perrnit(s) will affect cost.
o Depth and composition of the media recluiring excavation must be

considered.
o Transportation of the soil through populated areas may affect

community acceptability.
r Disposal options llor certain wastc (e.g., mixed waste or transuranic

waste) may be limited. There is currently only one licensed disposal
facility for radioactive and mixed waste in the Unitcd States.

r Contaminants can potentially migrate from CDF from several
pathways, including effluent discharge to surface water, rainfall
surface runoff, leachate into ground watcr, volatilization to the
atmosphere, and dike uptake.

o CDIrs can develop odor problems as vrell as mosquito atrd inssct
problerns without proper design attd maintcnance.

WilE
A detailed discussion of these data elements is provided in Subseclion2,2.l
(Data Requircments for Soil, Scdiment, and Sludge).

The type of contaminatrt and its conccntration will impact off-sitc disposal
requirements. Soil characteri'ntion a.s dictated by land disposal restrictions
(LDRs) arc requircd. Most hazardous wastcs rrtust be treatcd to meet either
RCITA or non-RCRA treatmelrt standards prior to land disposal. Radioactivc
wastcs u'ould have to rncct disposal facility waste fornt rcquircments based

on waste classilication.

Excavatiorr and off-site disposal is a well proven and readily irnplcmentable
tcchnology. Prior to 1984, excavation and off-site disposal was thc tnost

http://www. frtr.gov/nratrix2lsection 4 I 4 
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4.32 Excavati o n, Retrievat, and Off-Site Di sp o sal

Cost:

Rcfercnces:

comrnon method for cleaning up hazardous waste sites. Excavation is the
initial component in all ex situ treatments.'

The rate of excavation depends on a number of factors, including the number

of loaders and trucks operating.'fhe excavation of 18,200 metric tons
(20,000 tons) of contaminated soil rvould typically require about 2 months.
Disposal of the contaminated media is dependent upon the availability of
adequate containers to transport the hazardous waste to a pernritted llacility.

CERCLA includes a statutory preference for treatment of contaminants, ancl

excavation and off-site disposal is now less acceptable than in the past. The
disposal of hazardous wastes is governed by RCRA (40 CFR Partsil6l'265),
and the U.S. Department of Transportation (DOT) regulates the transport of
hqzardous materials (49 CFR Parts 172-179,49 CFR Part 1387, and DO'I'-E
8876).

DOE has clemonstrated a cryogenic letrieval of buried waste system, which
uses liquid nitrogen (LN2) to t-reeze soil and buried waste to reduce the

spread of contamination while the buried material is retrieved with a series of
remotely operated tools. Other excavation/retrieval systems that DOF) is

currently developing include a remote excavation systele, a hydraulic impact
end effector, and a high pressure rvaterjet dislodging and conveyance end

effector using confined sluicing.

Cost estimates for excavation and disposal range from $300 to $510 per
metric ton ($270 to $460 per ton) depending on the nature of hazardous
materials and methods of excavation. These estimates include
excavation/rernoval, transportation, and clisposal at a RCitA permittcd
facility. Additional cost of treatment at disposal facility may also be required.
Excavation and off-site disposal is.a relatively simple process, with proven
procedures. It is a labor-intcnsive practice with little potential for ftlrther
autonration. Adclitional costs may include soil characterization and treatment
to meet land ban requirements.

Additional cost information can be found in the Flazardous, Toxic, and
Iladioactive Wastes (HTRW) I-listorical Cost Analysis System (HCAS)
developed by Environmental l-listorical Cost Cornrnittcc of Intcragency Cost
Estimation Group.

co,oW
ffiffi

Church, H.K., l98l . Exccl,olion l{andboo*, lvlc(iraw l.lill Book Co., New
York, NY.

DOE, 1995, Technology Q111o1ufue, Second Edltlott, Oflice of
Dnvironmental Management and Office of I'echnology Development,
DAE/EM-02,3s.
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EPA, 1991. Survey of Materials-Handling Technologies Used et HsTardous
|Yas te,Sr'/es, EPA, ORD, Washington, DC, EPA/ 5 40 | 2-9 | I 0 | 0.

EPA,1992. McColl Superfund Site Dennnstration of a Trial Excavatiott,
EPA RREL, series include Teclurology Evaluation EPA/S40/R-921415,
PB92-226 448 ; Applicat i ons Anal y s i s, EPA/5 40/AR-9210 I 5 ; an d Technolo gy
Demonstration. Summary, EP N 540lSR/-92l0 I 5.

EP A, 1997 . B eit Manugentes! Proctices-(BMEs)fut E-il :Itcqluett
ktchrtologies:SuggestedOoeratiottfl lG-uuleJirc;1o!rc-w&-Cp!8:lagda
Trqu;Iet-oleafuuutlq$s-p-uriugtls,srt-*UPActiu-i!ie-;",EPAO-S-!V-ER'
EPNs30tR-97L007.

Site Information:

. EPADsus-Carter Industrial, MI: S -Flsptincyi[4, KY

. EPA-D.rcu-olN,,MI, -QHJ-D, -V 
A -Ullc DOEInleBLrLtcrl_Demo; (!-Q Chemical and Mixed Wasteladf[L4lbuque"rjuo"-NMi-€)

MxedlMa-slc- L and frllat-Kirkland AEB.NI4
c D-O-E-Intqgratec! D*e.urs:-Iqrnald Env-i-lonnett1-al l'..rojcsi ei-nqirutati,..Qlil

Points of Contact:

Technology Specific Web Sites:

Vendor lnformntion:

A list of vcnclors offcring Soi[ Excavation, llqtrieval, attd O.lf-Sile D-isposal 'l rcatment is available frorn
thc Vcndor Inforntatiott Systern for Innovative'l.rcatmcnt'l'echnologies (,VIS,l1ili) dcvelopcd by IJ.S.
Environmctrtal Protection Agency (I:PA),
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ffififfiEffi
Health and Safety:

ffiaE
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4.36 Phytoremediation (of groundrvater)

Dcscription:

I;igurc 4-3(>'I'y pical ln
Situ I'hy[rrrculqdiatian
Systcrn

4.36 Phytoremediation
(In Sils Giognd lVrtcr Rcrnedistior l'cthlology)

Phytorcrnediation is a set of processcs ihat uses plants to clean contamination
in ground watcr and surface waler. '[he treatrnent of meials or othcr inorganic
contarnination has bccn cliscusscd in Sectiqn 4.5 (Phytorcmediation for fioil).
'fhere are several rvays plants can bc uscd lbr thc phytoremcdiation. 'l'hcse

rrrcchanisms includc cnhanccd rhizosphcre biodegradation, hydraulic control,
phyto-dcgradation and phyto-volatilization.

7 Enhancul Rltizosphere Iliorlcgradation

Enhanced rhizosphcre biodegradation takcs place in the soil surrounding
plant roots. Natural substanccs relcased by plant roots supply nutricnts to
nricroorganisrns, which cnlranccs thcir ability to biodegradc organic
contaminants. Plant roots also looscn lhc soil and then die, lcaving paths lbr
transport of watcr and acration. 'l'his proccss tcnds to pull watcr to thc
surfacc zonc and dry thc lowcr saturated zoncs.

7 llydraulic Conlrol

Dcpending on thc type of trccs, climate, and scason, trces can act as organic

Page I of5 I
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round Water, Surface Watcr, nnd t eachate

.9 In Situ IliologicalI'rcatmcn-t
ion is a set ofprocesscs that uses plants to rernove, transfer,

tabilizc and dcstroy organic/inorganic contamination in ground walr:r,
.36 I'hytoremediation
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4.36 Phytoremediation (of groundrvater)

Synonyms:

Applicabilitv:

Limilations:

pumps when their roo'rs reach down torvartis the rvater table and establish a

dense root mass that takes up large quantiiies of water.

7 Phyto-degradotian

Phyto-degradi..ion is the metabolism of contaminants rvithin plant tissues.
Plants produce enzymes, such as dehalogenase and oxygenase, that help
catalyzn degradation. Investigations are proceeding to determine if both
aromatic and chlorinated aliphatic compotmds are dmenable to phyto'
degradation.

7 P hyto-r,olttt il i:atio n

Phyto-volatilization occurs as plants take up rvater containing organic
conlaminants and release the contaminants into the air lkough their leaves.
Plants can also break dorvn organic contaminants and release breakdown
prodrrcts into air through lcaves.

Vegetation-enhanced biorenrediation.

I'hytoremcdiation can be uscd to clean up organic contaminants from surface
water, ground water, leachate, and municipal and industrial wastewaler.

Planls also produce enirymes, such as dehalogenase ond oxygenase, rvhich
help calaly zn dc gradation.

Thcre arc a rtumbcr of linritations to phytorcrnediation

. It is limitcd to shaliow soils, streams, and grottnd water.

. I'ligh concenlrations of hazrrdoris matcrlals can be toxic to plants.
r It involves the same rnass transfcr lirnitations as olhsr biotreatmcnts.
r Clinratic or scasonal conditions ntay intcrlbrc or inhibit plant growth,

slorv rcnrediation efforis, or increasc the lcrrgth of ',he trcatmcnt period.
r It can irarisfcr conlaminalion across tnedia, c.g., from soil to air.
r It is not cffcctivc for strongly sorbcd (c.g., PClls) and wcnkly sorl:ed

c<tntaminants.
o l'hytorcmcdiation will likcly rcquirc a largc surface area of lnnil for

rcmcdiation.
r 'l'lre toxicity anrl bioavailabi!ity of hiorlegraclation products is not

always known. Products may bc rnobiliz*d irtto ground wnter or
bioaccumulalcd in anirnals. Molc rcscnrch is ncedccl to dctcrminc tlrc
fnlc of various compounds in thc planl. mclobo!ic cyclc to cnsurc tlrnl
plant droppings and llrorJucts ttranuf,rcturcd by planls do not contribute
t<lxic or harmlirl cltcmicals irrto thc food chain or inqcnsc risk
exposurc to the gencral public.

Page 2 of5

lrttlr://rvwrv.frtr.gov/rnn lrix2l scclion4/'1 --16. hlntl I 8-Jan-0 I



4.36 Phytorerncdiation (of groundwater)

Data Neerls:

Performance Data;

Cost:

Ilcfcrcnccr:

ffiffi
A detailed discussion of these dala elements is provided in Subsection 2.2.?..

@ata Requirements for Ground Water, Surface Water, and Leachate).

In addition, detailed information is needed to deterrnine the kinds of soil used
for phytoremediation projects. Water movement, reductive oxygen
concentrations, root growth, and root slructure all affect the growth of plants
and should be considered when implementing phytoremediation.

ihe U.S. Air Force used poplar trees to contain a grolrnd water TCE plunte.
TCE was shown to be degraded in the tissues of thc poplar trees, The trees
pumped a sufficient amornt of water to produco a conc of depression
limiting the spread of the TCE plume.

ln lowa, EPA demonstratecl the usage of phytoremediation by planting poplar
trees along a stream bar* between a com fielO and the stream. These trees
acted as natural pumps to keep toxic herbicides, pesticides, and fertilizcrs out
of the strcams and ground water, After three years, while the nitrate
concentratiorr in ground water at the edge of the corn field was measured at
150 mglL, the ground water amcng the poplar trees along the stream bar*
had nitrate concentration of only 3 mglL.

USAEC is also leading the team of experts frorn EPA, Terrnessee Valley
Authority (TVA) and the Waterways Experimental Station (WES) to
successfully dcmonstrate phytoremediation of explosive contaminatcd sitcs
in Milan Army Ammunition Prrrnt in Milan,'lN.

m@ltr
Construction estimatcs lbr phytorcrncdiation arc $200lUacre and $20Klacre
for opcrations and maintenance.

Wffi
Boyajian, G. Il, and Devedjian, D.1.,., 1997. "Ithytorcmcdiation: It Grows
{rn You", Soil & Groundx,atcr Cluuult,l.'cbruary/March, pp. 22-26,

Crf ilbrnia llasc Closurc DnvironmcqlaI Cornnrittcc (CBCl:!()), |994.
I'realnrcnt I'ech nologies Applicatioits Matrlx for Ijrce Closure Activities,
Revlsion /,'l'cchnology Matching I'roccss Action'l'cam, Novcrnbcr, 1994.

lll'n, | 998. A Cilizcrr's Guiile lo.l'ltylsye-111e(istion, Tc,shnology.l]Aqt.,Slfe-cl,
Ill'n NCDPI, I.jlil Al 5 :12/ l; -98 I 0 | l,

l:il'A, 1996, A Cillzen's Guldc lo Illorcnrcdintiort, 'l'cchnology liact Shcct,
L]PA Nclif'1, El>,\/ 5421F -961001 .

Iil'}A, l9()6, 4 Clllreu':s Gltlde.to lrltitte.r,t$Le._dltil_i.en,llgphttqlBgy_[.gglfl,;cal,
El,A NCt.ll, I, El' N 542/ 11 ^9 61 0l 4.
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4.36 Phytoremediation (of groundwater) Page.4 of 5

EPL*l-996-BeeeulDselopngntsfaLhtEillt-Treglwent-oLM"etxl
e e u s u.i n al e-d 

-S 
o i t s-, EPA/5 42&96J008.

USAF,C, 1997. Phytorenrcdiation af Explosives in Groundwater Using
Construcled Wetlnnds in Innovative Technologt Demonstralion,
Evaluatiort and Transfer Activilies, FY 96 Annuol Report, Report No.
SFIM-AEC-ET-CR-9701 3, pp. I 55-l 56.

ffiffiffiq?rflf,

Site Inforrnation:

. Abeldqen MD

. Ogeleq,-UT {t

. U.S-Ak _Forqs_Eaqi lity, Fort_ Wsrtl,-TX

. MilanAnrrfAmmun ition Igrt-duSAEC), jDg
o DOE. Bear CrEek, Oak fudgeIali@altab.a&Iqry.-TN

g,ffilHtrg
e

a
Points of Contact:.t

Technology Specific Wcb Sitcs:

sfitrffir,llF

Vcndor Informnlion:

A f ist of vgrdors offering In Situ Biological llreatntcnt is availabls from tlrc Vcndor Int"ormation Systern

l6r Innovarivc'l'rcatmcnt'l'echnologics (VISI'l'-l) dcvcloped by U.S. llnvironntental Protcction Agency
(lil'A).

fiH{qFUq

llcalth and $nfclY:

'l'o bc addcd
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4.36 PhytoremCiation (of groundrvater)
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Dcscription:

4.5 Phytoremediation

Figurc 4-5;
fypical In Situ
Ilhyloretnq-dia!ian
Svslcm

Page I of5

4.5 Phytoremediation
(ln Srlu Soil Remrdirtion Tcchnology)

Phytoremediation is a process that uses plants to remove, transfer, stabilize,
and destroy contaminants in soil and sediment, The mechanisms ot'
phytorernediation include enhanced rhizosphcre biodegradation, phyto-
extraction (also called phyto-accumulation), phyto-dcgradation, and phyto-
stabilization

Y Enhanced Rhizosphere Biodegrnilnlion

Iinhanccd rhizosphcre biodcgradation takcs placc in ths soil inuncdiatcly
surrounding plant roots. Natural substances relcascd by plant roots supply
nulricltts to miciroorganisms, r'rhich cnhances thcir biological activitics. P!ant
roots also looscn the soil and then die, leaving paths for transport of water
and acration. 'l'his process tcnds to pull water to thc surface zone and dry the
lowcr soturated zonc:s,

Y' Phyto-nccilnwlilion

Phyto-acculnulation is the uptake of contaminants by plant roots and the
translocation/accumulation (phytoextraotion) of contaminants into plant

Descrintion

il, Sediment, and

l- I n-S i t u-B-i e lq ei c alTfes! mpll
toremediation is a process that uses plants to remove, transfer, stabilize,
destroy contaminants in soil and sediment. Contaminants may be either

,5 Phytoremediation

htt gr://www .frlr.gov I nlritrixZl section4 | 4 
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4.5 Phvtoremediation

Synonyms:

Applicability:

Limitations:

Page2 of 5

shoots and leaves.

7 Phyto-degradstiorr

Phyto-degradation is the metabolism of contaminants within plant tissues.
Plants produce enzymes, such as dehalogenase and oxygenase, that help
catalyze degradation. Investigations are proceeding to determine if both
aromatic and chlorinated aliphatic compounds are amenable to phyto-
degradation.

7 Phyto-stabilizstion

Phyto-stabilization is the phenomenon ofproduction of chemical compounds
by plant to immobilize contaminants at the interface of roots and soil.

ffiffi
Vegetation-enlnnced bioremediation,

ffi
Phytoremediation may be applicable for the remediation of metals,
pesticides, solvents, explosives, crude oil, PAHs, and landfill leachates.

Some plant species have the ability to store metals in their roots. They can be
transplanted to sites to filter metals from wastewater. As the roots become
saturated with metal contaminants, they can be harvested.

Hyper-accumulator plants may be able to remove and storc significant
amount of metallic contamirnnts.

Curently, trees arc undcr investigation to determine their ability to rernove
organic contaminants from ground water, translocate and transpiration, and
possibly metabolize them either to CO, or plant tissue.

ffifl@
There are a number of limitations to phytoremediation in soil.

e 'l'he depth of the trealment zone is determined by plants used in
phytoremediation. In most cases, it is limited to shallow soils.

. I{igh concentrations of hazardous materials can be toxic to plants.
o It involvcs tlte same mass transfer limitations as other biotreatments.
o It may bc.seasonal, depending on location.
o It oan transfer contamination across media, e,g,, from soil to air.
r It i. not effective for strongly sorbed (e.g., BCBs) and weakly sorbed

contarninants.

" The toxicity and bioavailability of biodegradation products is not
always known.

o Products may be mobilized into ground water or bioaccumulated in
animals.

o It is still in the denronstration stage.
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Data Needs:

Perforrnance Date:

Cost:

Rcferences:

Page 3 of5

r It is unfamiliar to regulators.

ffifidF
A detailed discussion of these data elements is provided in S.!b6e*c-tion2,L..l
(Data Requirements for soil, sediment, and sludge). In addition, detailed

information is needed to determine the kinds of soil used for
phytoremediation projects. Water movement, reductive oxygen

toncentrations, root growth, and root structure all affect the grorvth of plants

and should be considered when implementing phytorernediation.

Currently. the Superfund Imtovative Technology Evaluatign (SITI) Program

is attempting to demonstrate and evaluate the efficacy and cost of
phytoremediation in the field at sitos in Oregon, Utah, Texas, and Ohio.

USAEC is also leading the team of experts from EPA, Tennessee Valley
Authority (TVA) and the Waterways Experimental Station (WES) to
successfully demonstrate phytoremediation of explosive contarninated sites

in Milan Army Ammunition Plant in htfilan, TN.

qEFffitH
US AEC estimated that the cost for phytoremcdiation of one acre of lead-

contarninated soil to a depth of 50 crn vras $60,000 to $ I 00,000, whereas

excavating and landfilling the same soil volulne rvas $400,000 to $1,700,000.

E'?'trlmrrilr

Bovajian, G. E. and Devedjian, D. L., 1997' "Phytoremcdiation: It Grorvs
on You", Soil & Groundwaler Cleanup, February/March, pp. 22'26.

EPA, .1.9.98, A.Citizeub.Gttid-e--ltt Pltytorenrcdialirlrt, Tpchnalogy Fact Sheet,

ETAJE-EP.I, EP NSQI!!.8/O I I..

DP A, 1 996, 4 ei fi ze n!; -G u i d e tq P l t J, l o r e m e d i il i or, Technology liact Slteet,

EPA, N CEP t-, EPHjQ.lf :.9 6 | 0 | 4.

EPA, 1196. Rccetil DeJeloltrnettl;Io-r.Irt Sllu Treolntent olMelnl
Co n t a m ! r ., t e d'$ o i I t, EP A!54nk25ll03"

Schnoor, l.I-,,L.A.Licht, S.C. McCutcltcotl, N.L. Woltc, artd I-.1'1, Carreira.
Igg5. "Phytorcrncdiation of organic and nutricnt contanriltnnt3,"
Env i r on. Sc i, Te chnol. 29 :3 | I A-323 A.

USAIIC, lt)97. "l'hytorcmcdiation nf Lcnd" in Innovative Technolog
Dcntonstrulion, Evaluullon and Transfer Actlvlllcs, ItY 96 lrurunl Rcporl,
Report No. SFIM-AEC-ET-CR-97 013, 1tp. 89'92.

U.S. DOII, lgg5. "Biorcrncdiation of lligh fNxplosivcs by Plants," in
7'echnologt Calalogue, Sccond Mitiott, Offics of Ilnvironmental
Management Office of l'echnology Development, DOE/EM-0235, pp. 169-
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4.5 Phytoremediation , Page4 of5

172.

A comprehensive list of 850 references on phytoremediation are available at

Remediation Technologies Development Forum (RTDF) Phytoremediatiott
Action Team Web Site. Click to access

Site Information:

o McCormick & Baxter SUPERFUND Site, Portland-B{lVogdS-celuenlst!-e)
. fugOnue*Natr_o! a-l_l abgratoqy-
o Cranev Island Fuel Terminal, U.S. Navy,I-oasrnoutblVA
. EIA-SJ.I& Pr-ogra miOgslsn-U!4b

" O_lriq{Eerlosr rrt-elalplating-rite)
.D-O-E-D-ensl-&vaonahlRiv-el.tite.-ge
r f)O-E Savannah RiveI Site, SC 

s?

ffififfffi o "
Points of Contact:

Technology Specific Web Sites:

Wry
Vendor Inlbrmation:

A list of verrdqrs o_fferitg In_S-itu-B,iolpgieal-Sgt-l-Lr9atlnent is available from the Vendor lnforrnation
System for Innovativc'l'reatmcnt'lbchnologies (-VlSl.TT) developed by U.S, Environntental Protection
Agency (EPA).
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4.5 Phytoremediation

Ilealth and Safety:

To be added

Page 5 of5
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Prelirninary Cost Estimate
CKD landfill Cap
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Eestcshniual June 28, 1999

$gruige$ lnt.
Preston Er,;ineering Inc.
4436 N. Brady Street
Davenport,Iowa

ATTN:Mr. Moris Preston, P.E.

RE: GSI No.993181
Preliininary Construction Cost Estimate
CKD Landfili Cap
Dixon Marquette Cement Company
Dixon,Illirrois 61021

Dcar Mr. Preston:

Geotcchnical Serviecs, Inc. (GSI) is pleaserl to provide this preliminary cost estimate for the
construction of the CKD Landfil! Cap. As requested in our telephone conversation of June 25,
1999,and June 28, 1999 the following information presents our preliminary cost estimate for
the construction of a three (3) foot thick low permeability cap with hydroseeded vegetative
layer for the Cement Kiln Dust (CKD) Landfill l.o be located at the Dixon Marquette Cement
Company in Dixon, Illinois.

For estimating purposes tlie following data has been utilizcd:
l. Landfill cap:24 acre area, capped with a 3 foot recompacted low

permeability layer without drainage layer. A six inch vegetative layer
will be placed over the recompacted low penneability cap.
l{ydroseeding will be utiiized to seed the vegetative layer.

2, On site sandy clay soil will be atnended and utilized for the cap borrow
material, borrow transport distance will be 2,000 feet or less.

3. On site sandy clay borrow does not meet required pcrmeability (k) of
I x l0-' cm/sec or less.

4, Prior to construction, geotechnical laboratory testing will be performed
to identify optimurn eoil umendment quantities to achieve requircd
permeability value based on Standard Proctor compactiolr criteria,

5, Construction QA/QC will be perforrned by an independent tcsting
laboratory.

6. Bentonite soil amendnrcnt vrill bc u',ilized to achieve recom.pactcd soil
layer pcrmeability (k) of I x l0-7 cm/scc or lcss for thc cap,
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on site rvater will be used for moisture conditioning at no cherge to the
contractor,
On site sandy clay borrow rvill be mixed/arnendetl at a rate of
approximately 2 pounds bentonite /cu.ft. of borow, moisture conditioned
in I inch loose lifts and compacted rvith sheeps foot roller with
appropriate iift bonding.
Constluction equipment consisting of CMI or Caterpillar
recycler/pulvenzer, tank truck rvith spray bar, earth moving pans, grader,
and sheeps foot compactor - self propelled.
off site contractor rvill provide equipment operators and manual labor
for the acidition of the bentonite amendnrent and constructiou of ihe cap.
Bentonite amendment to be supplied by Bentonite performance
Minerals, delivered by truck, l00ll bags on pallets.
Estimated construction completion: 4 rnonths.

Based on the above infunnation, the tbllowing preliminary cost estimate for the landfill cap has
beeu developed:

7.

8.

9.

10.

I l.

t2.

Item

Itrydroseed

Vcgetativc
Laycrr 6"

Ilcntonite
Amenclment

IIaul/Flncc
Bon'olv

Mixirtg &
Cornpactiorr

Constructlorr

QA/QC

Amertdrncnt
Lab'I'cstilrg

Material Labor
Q'er Acrc) (Per Acre)

$ 900

$ 9,700

$ 15,700

$ 600 $ 1,500

$ 2,400 $12,100

's 2,100 $17,900

Total Cost

$ 36,000

$290,400

$427,200

$208,900

$504,000

$ 72,000

$ 4,goo

$ 8,700

$21,000

$ 3,000

$ 200

Cost/Acre
(rM & L)

$ 8,700

$21,000

$ 3,ooo

$ 200
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I Total Estinrated Cost $1,543,200

t 
Estimated CosUAcre $ 64'300

Total Estimated Cost (wl20o/oContingency) $1,851,840

t If you have any questions or require additiorral information conceuring the above infonnation,

material and labor rates and the estimated cost for the consiruction of this landfill cap, please

I 
call me at 319-285-8541.

SincerelY,

I cEoTEcHNICAL sERvIcEs, INc.

l'/ 
\

I .-E€\J \4<n"t^oqS\^I""-
I 

George D. I{.omisarek, P.E., P.G.

- Vice President

I cc: file

t 
Y;J';;iltJ,[L,,n.*companv
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APPENDIX E I
Leachate Collection System
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Dixon Marquette Cemeilt
98-515

Proposed Leachate Collection System

January 27,?000

The CKD landfill at Di::c.r Marquetle Cement generales leachate that enters the bedrock beneath the

landfill and travels downgradient toward the Rcck River. To meet State of lllinois requirements, a teachate

collection system must be installed.

The CKD direclly overlies the Pecatonica Formation, a highly jointed dolomite about 35 feet tltick. The

.ioints in the rock arc essentially verlical, and run in two prefened directions, roughly north and south, and

east to west. Groundwater flow bsneath the landlill is probably primarily along tho joints. Consequently,

any *ffective and efficient leacha{c collection system should be rlcsigned to iqtercept groundwater in the
joints.

Traditionat dewateringsystems use multiple vertical vrells. This type of system rvould work as a leachate

collection system at the site, but only if wells could be placed so that the screeni would intarsect the joints.

Because rJ1e number of and locations of the joints are not known, well placentent becomes a prlblen. One
way to solve the problem is to install a large number of vertical rvells in the hope that some pcrcentage ot'
thcm rvill coincide with joints. This becomes a trial-and-enor method that potentially i'lastes a lot of
money in exploratory drilling.

The geologic conditions are very suitable, on the other hand, for horizontal well". A singlc horizontal well,
drilled at some anglc to the planes of the joilts. will intersect thejoints. Each horizontal well can replace

cloznnsof vertical wclis. Thcre arc cost savihgs that come with using horizontal wells. Vertical wells
would need a pump placed in each well, with electricity dciivercd to each pump. Surface piping conrrecling
the wclls would need to be trenched in for hundreds of feet. The multiplicity of recovery pumps, and tho
cost c,f maintaining them, would bc many times more than the singie pump in a horizontal well. Electrical
costs in opcrating a singlc rvell would also be less. The saving in operation and mslntenance increases ag

the duration ofthe projcct increases.

Unless a large number (hundreds?) of vcrtical wells are drilled, the probability of failure of vertical wells to
capture the leachate is high. The recommended cqflection syslem, therefore, is onc that uses a horizontal
well.

The proposed system consists of one horizontal well. It willrun east of and parnllcl to the haul road on the
wes( side of the landfill. lt will be about 8 to l0 inches in diameler, and bc located near tho basc of thc
Pecaronica Formation. 'llris location shoutd allow lhe well to capturo a large majoril" of ttro groundwater

in the uppermost aquifer that hae traleled bcncath the landfill. lt should also dcwater the Pec;lrrrricir

enougft so that groundwatcr is no longer in contact with CKO at lhe base of the landflll.

The horizontal wcll could be drilled from clther the north or soulh cnd, '[hc drill stcrn will enter tlre ground

at a shallow angle and be rotated so lt becomeg horizontal at a dcpth ofobout 30 feet. At ths other cnd, the
drif l stenr will again be rolatcd, this timc upward, to cxit at a point about 2000 fcet from the entry, A wcll
screen will then be nulled into thc hole as the drill is backed out.

A singlc largc capacity submcrsiblc;tump will be used In the well lo recover groundwaler, which will bc
transfcned to a holding basin before trcatment and dischargc to the Rock River.
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18 hour
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40 hout

130 hout
192 hour
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40 i,'rltr
0 llour
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0 hour
I hour
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0 day

| 4a't
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l0 hour
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PERSOH}'IEL
Ptl'l.ctgal
P@l
L6vol 3 Scientist
Level 3 Soenb:l
Level 3 Scanliet
Lovd 3 Sdontist
lev€l 3 Scientisl
Lerct 3 Scientisl
L6rd 3 Scienlisl

Level 3 Sci€.lUsl
Level 2 Techoidan

TRAVEL
l,AilP-age

Tolls, parking
Per Dism
Loegiry

EQUI PI'EIIT At{D $UPPUES
Survoying squipment
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30
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t50.640

mqzu.
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RATE
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s70.00
t76.00
$70.00
$70.00
370.00
f70.00
s70.00
t70.00
349.CO

t25.00
tr0.mo.00
33,000.00
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0500.00
t200.00
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EXCAVATOR SUECONTRACTOR
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ELECTRICAL SUBCONTRACTOR
Connect l0O pumpr

SUBCONTRACTOR HANDLING
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370.OO SO

670.00 $O
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f 0.38
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6O hour

O hour
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8O hour

20O hout
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16 p€.ccnl

9312,OrO

t800 Gsl
$76,OOO

033,m0
9l 2,600

e6.260
t0

f6,100

0500.oo
l26.OO
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t | 26.00
0 | 26.00
0 r 00.00
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t76.O0 $0,000

076.OO

c I 63,360
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FEBRTJARY 27,2(JO'

REQUEST FOR ADJUSTED
GROUNDWATERSTANDARDS e

DIXON MARQUETI'E CEMENT COMPANY
DIXON,II.LINOIS

PREPNRED BY PRESTON ENGINEBTTING, INC
4436 NORTH BRADY AVENUE

DAVENPORT,IOWA 52806
TELEPHoNE: (3 I 9) 388-8288

FAX:(319) 388-9003
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Adj u s t e d Grou n dwa I er S I a nda rds
Dbron ll{arquette Cement Company- Dkon, Illlnols
Preparcd by PrcsTon Engineertng Inc.
Fehraary 27, 2001

I. INTRODUCTION 
1

Groundwater samples have been collected from wells around the Dixon Marquette Cement (DMC)

landfill for several years. This information from wells (MWS-S, MW6-S, MW7-S, and MWB-S) at the

boundary of the proposed zone of attenuation (ZOA) indicate values for some chemical parameters that

exceed the background concentration established for the background wells (MW l-Wf, MW l-S). A

statistical analysis was perfbrmed on the data covering thirty-nine (39) parameters.

The background concentration rvas evaluated by establishing the 99o/o confirJence level for each

parameter. Levels in dorvngradient wells that are higher than this confidence interval indicates a

statistically signifi cant increase over background.

The concentration of parantelers in downgradient wells was examined using statistical methods. 'Ihe

99.5o/o conftdence level was established for each parameter. A trerd analysis was also performed to

determine if the level in each well appeared to be increasing or decreasing over time. The data, trend line,

and99.5% confidence level were plotted foreach well and each paranreter.

A nanative discussion of each parameter was providedr

Groundwater criteria were established for each parameter. Levels were selected that could be met at

monitoring wells MW 5-S, MW 6-S, MW 7-S and MW 8-S. The criteria selected was the higher of tho

Section 620 groundwater standards or the 99.5% confidence interval. Higher levels were set for some

parameters where it appeared there was an increasing trend and where levels where higher at MW 3-S

which is upgradient. In these oases the 99,5 %confidence levcl for MW 3-S was used as a criteria.



Adjusted Groundwater Stt ttdords
Dixon ilarqueile Cencnt Compatty- Dtxon, Illinois
Prepared by Preston Engineerlng, Inc-
tlarch 30,2001

II. BACKGROUND CONCENTRATIONS

Statistical altalysis was performed on three background monitoring rvells, N{W l-WT, l-S, and 1-D. Six

methods were used to calculate the upper limit concentration to compare the downgradient monitoring

wells with the background.

. Student's T Distribution.' When the parameter was detected in all of the sample resulis, this
metirod was used to calculate the upper limit concentration. 'fbe student's t distribution is used for
a small data set, less thari 30 samples, and assumes that the sarnple set is nonnal.

. Detection Linit Divided by 2 (DU2).' In cases where 15 percent or less of the data was below the
detection lirnit, the values below the detection limit were replaced with one-hatf of the detection
limit. Student's t test was then applied.

. Colrcn's Method: When less than 50% of the samples were reported as below the detection limit,
the upper background lirnit concentration was calculated using this method. Cohen's method
provides estimates of the mean and standard deviation when there are observations less than the
detection limit. The method assumes that the sample set is normally distributed and tfie detection
limit remains the same through the sanrpling period.

. . Test of Proporlions: When more than 50% of the samples were repofted as below the rletection
limit, a test of proporlions was performed on the downgradient monitoring well,'Ihis procedurc
does not establish a background concentration since it is a comparison of two sampling sets.
Using the sample sizes and the number of samples that were below the detection limit in each
sample set, the test indicates if the downgradient concentration is statistically ditferent than the
background concentrations,

o Lowest Non Detect: When the concentration was below detection lirnits during the entire
sampling period, the lowest non-detect was used as the upper limit.

, Merhocl Detectiott Limit: llhe method detection linrit was estahlished as the upper limit for
volatile and semi-volatile compounds. llowever, any detection is considered to be an exccedance
oI the background concentration.

Using data from only one rnonitoring well, the 99rh pcrcentite was calculated for the upper timit in the

student's t distributiorr ancl the Cohcn methods. 'Ihe trvo sided 99th perccntile conficlence intcrval was

used to calculate backglound levels for pll. This was performed in accordance to T'itle 35 of lllinois
Adrninistrative Code, Section 8l L320.e, entitled: "statistical Analysis of Grounclwater Monitoring Data."

'l'he sampling results of MW l-S, l-Wfl, and l-D, and the statistical analysis is summarized in the section

entitled "IIACKCROUND TABLES."
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A 4 u st ed Groundwaler Stn nd ards
Dlxon Marquette Cenenl Contpany- Dkon, Itltnols
Pre4red b!' Preston Eaglneeriug Ind
Itarch 30,2001

III. STATISTICAL APPROACH OF DOWNGRADIENT MONTTORING WET,LS

The arithmetic mean and standard deviation were calculated for each pemmeter and each well. When the

result was reported as belorv the detection limit, the detection timit was used in the calculations. These

resulis are denoted in the tables by italicizing the value.

The data set was compared to the average plus one standard deviation and th6 average plus two standard

deviations. Those that were greater than the average plus one standard deviation were represented with

bold characters in the tables. The results that were greater than the average plus two standard deviations

were highlighted in the tables.

The one sided 99.5% confidence interval was calculated for each parameter and each of the four

downgradient monitoring wells (5-S through 8-S). For pH, the two-sided 99Yo conftdence interval rvas

calculated. Since there were less than 30 sampling events, the student's t distribution was used to

calculate the interval. The four intervals u/ere compared, and the maxiinum value rvas chosen to represent

the results of the four downgraclient monitoring wells.

Sampling data and statistical analysis for each welt is located in the section of this ctocument entitled

"DOWNGRADTENT TABLES." Sunrmaries of the confidence interv'als, background conccntrations, and

the Class I Groundwater Standards are found in the section entitled "SUMMAIIY TAtsLBS."

The data was grapherl with the 99.S%confidence interval and tlre Class I Groundwater Standard, when

applicable. The standards are published in Title 35 of the Illinois Administrative Code Section 620.410

entitled Groundwater Quality Standards fbr Class I: Potable Resource Croundwater. A trerrd line was

added to each of the wells fcrr each parameter. Since the results did not indicate a clear trend, a linear

trend or the best-fit line was chosen to represent the data,

The graphs of each parameter are found in the section cntitled "CRAPIIS" of this document,
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AtlJusted Groundwater Standards
Dkon lllarquclle Ceuent Conpaty- Dixon, Illiuois
Prepared by Preston Enginecing luc.
Fcbruary 27,2001

ry. GROUNDWATERIMPACT- INORGANICCOMPOUNDS

In the following sections, each inorganic compound in MW 5'S through 8-S is discussed with respect to

the background concentrations. Wren comparing these wells to background concentrations, both MW l-
WT and l-S were used since the groundwater is shallow near White Oak Lane. Since MW l-D nonitors

the upgradient groundwater in the Saint Peter Formation, the levels were not compared to the MW 5-S

through 8-S.

Aluminunt
The upper limit in the background MW l-WT was calculated to be 0.454 mgll- using Cohen's method,

Tlre upper limit in MW l-S was set at 0.04 mgfL,the lowest non-detectable limit. AII but three results

were greater than the MW l-S background limit. All conc€ntrations in MW 5-S were below the

background concentration in l-WT. In MW 6-5, two values, 1.74 and 3.01 mglL, were significantly

higher than the l-WT background concentration. there were two resuits in MW 7-S that were slightly

greater than the l-WT background. These were 0.88 nrg/L on July 26, 1999 and 0.662 on March 2,2A00,

Iu tlre July and November 1999 samplings, the results in the MW 8-S were also slightly greatsr than the

l-WT background. These values were 0.51 and 0.665 mgll., respectively.

The average concentrations of aluminum in the four downgradient monitoring wells were below the

background concentration in MW l-WT. Each, however, were grcater than uppcr limit of 0.04 mg/L in

MW l-S.

Antinony
Srnce antimony was not detected in the background well l-W'l, the upper limit was set to be 0.001 mg/L,

the lowest not detectable lirnit. Antimony was detected only once during the monitoring period in one of,

the wells. The parameter was detected in MW 7-S at 0.003 mglL on March 2,2000.

'Io determine if there is a difference between the background MW l-S and the four downgradient wells, a

test of proportions was perfonned. 'l'he test of proportions inclicates that the result was not different than

thc backgrourrd MW l-S. Therefore, the landfill has had very little affect on this parameter in the

groundwater.

Arsenic
1'he upper lirnit background concentration was calculated to bc 0,003 in MW l-WT using the student's t

distribution. The concentration of arsenicranged from 0.001 to 0.005 m{LinMW 5-S,0.001 to 0.004 in

MW 6-5, 0,0017 to 0.044 ntglL in MW 7-S and 0.001 to 0.005 mglL in MW 8-S, A total of four sanrple

rcsults, one from each well, were greater than the upper lirnit concentration in MW l-WT.
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A dJ ust ed Grc u n dteatcr St and a rd s
Dlxon ltlarquett. Cemenl Conpany- Dkon, Illhtols
Prepred by Preston Engtneertng, Inc.
February 27,2001

A test of proportions was performed to indicate whether or not the arsenic concentrations in the

downgradient wells were signifisanily different than the concentrations in MW l-S" Although arsenic was

detected in all four of the dpwngradient monitoring wells, the concentrations were not considered to be

significantly different than MW l-S except for MW 5-S. The landfill has had very little affect on this

parameter in the groundrvater.

Barium
The background concentration of bariu$ was calculated to be 0,227 and 0.091 mgtL in the MW l-WT

and 1-S, respectively. These limits were calculated using the student's t 99% confidence interval. Barium

was detected in all four of the downgradient monitoring wells. The concentrations ranged from 0.025 to

0.35 mglL. Four of the samples were greater than 0.091 mg& in MW 5-S, however only I was greater

than 0.22'l mg/L. All seven results were greater than the MW l-S background limit in N'IW 6-5. 'Iwo of
the results were greater than the l-WT background limit. Ttrere were no results that rvere greater the

background concentralions in MW 7-S, and only I that was greater than the MW l-WT background

concentration in MW 8-S.

The average concentration of barium ilMW 5-S through 8-S was 0.138,0.258,0.042, and 0.075 mg/t,;

respectively. Monitoring well 6-5 fias the only average that was greater than the background

concentration of 0.227 mgfL.T\erefor.,'th. landfill has had very littie affect on this parameter in the

groundwater.

Berylliuut
Since beryllium was not detected in the background monitoring wells, l-S or l-WT, the upper

background limit is 0.001 mg/L, the lowest non-detectable limit. On March 2, 2000, beryllium was

cletected in MW 8-S. This was the only time that the parameter was rletected in the four shallow wells

along the Rock River. Therefore, the landfill has had very little affect on this parameter in the

groundwater.

Boron
To determine if the downgradient wells are significanf.ly tlifferent than the backgrouncl monitoring wetls,

a test of propnrtions rvas performed. The tests indicated that only lvIW 8-S was significantly different than

the backgrou.nd MW l-WT. All of the wells were significantly different than MW l-S.

The concentration of boron ranged from 0.05 to 1.95 mgll, in the four downgradient monitoring wells.

Thc average concentration of boron in MW -5-S through 8-S was 0,464,0.424, 0.436, and 0,208 mg/L,

respectively. This parameter il the groundwater has been significantly impacted by the landfill,
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cadmiam I
Since cadmium was not detected in the background monitoring wells l-WT or l-S, the upper background
limit is 0'001 mgll., the lowest non-detectable limit for each. Cadmium was detected in MW 5-S, 6-5, and r
8-s during the March 2000 sampling event only. The average concentration for each of the four
downgradient monitoring wells was 0.001 mgll., the detection limit. Theref'ore, tlre tandfill has had very Ilittle affect on the concentrations of cadmiun in the groundwater.

I

Calciunt
the background concentration of calciurn rvas calculated to be 109 mg/L in the MW l-S and 126 mgtL in,
Mw l'wT using the upper limit of the sttdent's tgg%oconfidence interval. The concentration of caloiunr
in monitoring wells 5-s' 6-s, and 8-S were consistently greater than the background limits 4uring the
entire sampling period. The concentrations ranged from24.6 to 345 mg/L. The average concentrations of
calcium in these three wells wete 24a,234, and 237 mglL, respectively. Calcium concentrations in MW
7-S were colsistently below thc background concentrations ranging from I1.9 to 43.4 mg/L with an
average of 35 mglL. The concentration of calcium in the groundwater has becn significantly impacted by
the landfill.

Chromium
The background concentrations were calculated to be 0.002 mglL in both Mw l-wT and l-s using
Cohen's method. Chromi:rm was detected in all four of the downgradient monitoring wells 5-S through g-
s' The maximum concentration was found in MW 8-s during the March 2000 sarnpling event. The
concentration was found to be 0.04 m{L,The average concentration of chromium in MW 5-s through T-
s was found to be 0'003 mglL.The average conccntration in MW 8-s was calculated to be 0.010 rng/L.
Concentrations of chromium in the groundwater have been slightly affected by the landfill.

Cabalt
Using cohen's method, the upper limit of the 99o/o confidence interval was calculated to be 0.003 mg/L in
Mw l-s' In MW l-wr, the background limit was calculated to be 0.008 rng/L using the student,s t
distribution' cobalt was detectcd in all four of the clowngraciicnt rnonitoring wclts 5-s through g-s during
the sampling period' Most of the concentrations wcrc below the 0.008 mgll. backgrouncl level, Ihres of
the exccedances were in MW 6's' In thc March 2000 sarnpling event, Mw g-s also exceerl thc
background concentration, having a result of 0,035 mglL,

'l'he avcrage concentration of cobalt in MW 5-S thlnugh g-S is 0.002, 0,012, 0.001, and 0.006 ng/L,The
landfill has had a small affect on tho conccnrration of cobalt in the groundwater.
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Copper
The background concentration was calculated to be 0.012 mg/L in Mw l-wT using student,s t
distribution and 0.008 mg/L with cohen's method in MW l-S. Copper was detected in all four of the
monitoring wells. The concentrations ranged from below the detection limit to 0.113 mg/L. In MW 5-S
there was one result that was greater than the l-wT background limit. Th.e rest rvere below 0.00g mg/L.
In IviW 6-5, there were three results that werp greater than 0.012 mg/L and three that were betow 0.00g
mglL. All of the sampling results were tess than or equal to 0.008 mgll in MW 7-S. In Mw g-S, therc
were three results greater than 0.01 2 mglL and one that rvas greater than 0.00g mg/L,

The average concentration of copper in the four downgradient monitoring wells 5-s rhrough g-s is 0,006,
0'013, 0'005, and 0'024 mg/L, respectively. The concentration of coppcr has been affected slightly due to
the landfill.

Lead
since lead was not detected in the background MW l-S, the upper background lirnit is 0.00t ntg/L, the
lowest non-detectable limit. In MW l-WT, the backgrorrnd 'concentration 

was calculated to be 0.006
mgll, In Mw 5-S, lead was detected in two of the samples ancl was reporte6 at the rtetection linrit. The
average lead concentration in this monitoring well was calcutated to be 0.001 mgll. In MW 6-5, there
were two sample events that had detectable concentrations. 'Ihe concentration of these detecte<t
concentrations were 0.015 and 0.008 mgll and were gteater than the Class I Grounctwater standard of
0.0075 mglL. Tlte average concentratiou was calculated to be 0.a04 mg/L. Four out of the scyen sample
sets in Mw 7-s had levels that werc detected. These were less than 0.005 mg/L. In MW g-s, five of the
santpie had leveis of lead that rvere delectable. 'fhe concentrations werc below 0.006 mgl1-.

of all of the sampling events, two sanrple results in MW 6-3 were greater than thc Mw l-s upper limit
background concentration. These concentrations were also grcater than the Class I Groundrvater Standard.
Lead concentrations in the downgradient monitoring wells has been slighrly affccted by the landfill.

Iron
'l'lrc background concentration was calculate.cl tobe0.465 mg/I..in Mw l-s using cohen,s nrethod and
0'891 in Mw l-w'f using sluctent's t distribution.Iron rvas detccted in allof the samplc locations d..rring
alf of tlre samplc cvcnts' Tl'tc: average concenlrations v,,erc catculatcd to be 0.g9g, 2,,66s,0.g0s, irtcJ | .6s4
lor MW 5-S tlrrough 8-S, rcspectively. 'the concenlration of iron in the grourrdwaler has bcen
significantly irnpacted by the landfill.
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Mugnesiuut
The background concentrdiicn was calculated to be 53.9 and 50.5 mg& in the MW l-S and l-WT,

respectively. Both of these confidence intervals were calculated using the upper limii of the student's t

distribution. The average concentrations were calculated to be 82.3,55.16,9.3, and 100.1 mg/L for

monitoring wells 5-S through 8-S, respectively. Approxinrately 72Yo of the samples were greater than the

MW l-WT background concentration in MW 5-S. Four of the seven sampling events itad cottcentratiotls

greater than 50.4?8 mglL."l\econcentration of magnesium was grealer than 50.478 rng/L in MW 8-S. In

MW ?-S, the greatest concentration rvas l5.l mgll.. The concentration of magnesium in the groundrvater

has been significantly impacted by the lan{fiil.

Mungonese
The backgronnd concentration rvas calculated to be 0.045 mg[- in the MW l -S and 2.687 mg/L in MW l'
WT using the upper limit of the student's t 99% confidence intenral. '[wo concentrations in the four

downgradient wells had concentrations that were greater than 2.687 mg/L. Monitoring well 6-5 had a

manganese concentration of 3.1I mg/L during the July 1999 sanplirtg event, Monitoring well 8-S had a

manganese concentration of 4.3 m{L during the March 2000 sampling event. The average concentrations

were0.229,1.695,0,094, and 0.763 in the four respective monitoring wells, 5-S through B-S. Therefore,

the landfill has had very little affect on the concentration ofntanganese in thc groundwater.

Mercury
Since mercury was not detected in the background MW l-S, the upper background limit is 0.0002 tng/L,

the lowest non-detectablc limit. A test of proportions showed that the wells were not significantly

Mercury was not dctected in the four shallow rvells near the Rock River during the monitoring pcriod.

There has been very little affect on the concentration of tnercury from thc landfill.

Nickel
The background concentration was calculated to be 0.007 m{Lin MW l-S using Cohen's methorl. In

MW l-W1'tlte99o/o confidence interval was calculated to be 0.023 mglL using student's t clistribution.

'I|cre wcrc threc sampling rcsulls that were greater than the l-WT background concentration in thc f<rur

downgradicnt monitoring wells 5-S through 8-S.'l'wo cottcentrations, 0.033 and 0.038 m/L, were in the

sanrpling data I'rorn MW 6-5. During th'r{nrch 2000 sampling event, MW 8-S had a nickel concenlraliott

of 0.058 mglL.'I'he average conccntratior f nickel in lvtW 5-S through 8-S wcrc 0.005, 0,020, 0.010, and

0.014 ndl-, rcspcctively. 'l'he landfill has had a srnall affect on the concentration of nickel irr the

groundwatcr.
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Potnssium
Since the data had 50Yo of non-detects in the background well, MW l-S, a test of proportions was

performed to determine if the dorvngradient rvells were significantly different. Each of the four

downgradient wetls had levels of potassium that was detected during all of the seven sampling events.

The test of proportions proved that the dorvngradient and upgradient wells were significanfly different.

The upper limit of the 99 percentiie background concentration in MW l-WT rvas calculated to be 4.0

mg/L, usirtg tlte student's t distributicn. Each of the four downgradient wells \'/as significantly higher lhan

the background. The average conce,ntrations in monitoring wells 5-S and 6-5 were calculated to be 86.0,

and 55.0 mglL. Monitoring rvells 7-S and 8-S were highei with averages of 632.6 and 245 1tg/L,

respectively. The concentration of potassium in the groundwater has been significantly impacted by the

landfill.

Selettiuttt
The 99'h percentile was calculated tc be 0.004 mglLinbackground well l-S. In MW 5-S, concentrations

ranged from belorv delection limits to 0.0A6 m{L. The average concentration was 0.002 mg/[, in this

well. Monitoring well 6-5 and MW 7-S had an average setenium concentration of 0.003 and 0,002 mg4.,

respectively. The range for each of these wells was from helorv detection limits to 0.u05 rng/L.

Monitoring rvell B-S was significantly different than the backgrorrr;' nronitoring rvell. The average

concentration in this well rvas calcuJated to be 0.005 mgLand the dara ranged from 0.001 to 0.014 nrg&.

A test of proportions was performed to detennine if the downgradient wclls were considcrecl to be

sig'nificantly different than the background well l-W't'. In the downgradient rnonitoring rvclls 5-S through

8-S, there were 6 to 7 samplcs that had levels of setenium that was detected. 'Ihe test of proportions

confirmcd that the downgradient wells were significantly different than MW l-WT. Conrpuring botl
background concenlrations to the four downgradient monitoring wells, the tantlfill has aft'ecte<l tlre

concentralion of selenium.
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Sodiunt
The background conc€ntration was calculated to be 12.8 mg/L in the MW | -S using the upper limit of tlrc

student's t99o/o confidence interval. In MW l-WT, the 99b percentile was calculated to be 53.7 mg/L. In

MW 5-S, the concentrations ranged from 9 to 78.5 rng/L rvith an average sodium eoncentration of 37.9

mgtL. The 
^verage 

concentration of sodium in MW 6-5 was calculated to be 46.4 mg/L. The sample

results ranged from 27.3 trs 64,9 mglL. In MW 7-S, the sarnpling results ranged from 25.8 to 49,9 mglL

rlith an average of 40.9 lm'g'L.Ln MW 8-S, the average was calculated to be 39.7 mg/L and the sample

result ranged from 8.2 to 52.4 mg/L. Sodium concentration itr the groundwater bas becn significantly

affected by the landfill.

Thalliunt '
To determine if the downgradient monitoring rezults were sigrificantly different than MW l-S and MW

l-WT, tests of proportions were performed. The results of these tests indicated that there was no

significant difference between the background, MW l-S and MW l-WT, and the downgradient

monitoring wells, 5-S through 8-S.'flralliurn rvas detccted oncc during the monitoring period in MW 6-5

at the dctection limit, 0.001 mg/L, In MW 8-S, there were two sarnpling events in which the pammeter

was detected. 'lhe results were 0.002 and 0.005 mglL.The average thalliurn concentration for this

moniloring well was calculated to bc 0.002 mg/L.The landfill has had very littlc affect on this paramctcr

in the groundwatcr.

Vansdiunt
The uppcr limit of the 99rh percentitc was found to be 0.007 mglL in the background MW I - W'I using the

student's t distribution, In MW 5-S, there was onc corcentration that excecdcd the backgmund. 'l'hc

conccrttration was rcported during thc March 2000 sarnpling event and had a conccntration of 0.023

mglL,.'l'he 
^vcragc 

vanarlium conccntration rvas calculated to be 0.047 mg/L.Ilcsults of MW 6-5 were

silnilar to MW 5-S. Thcrc was only onc sample rcsult, 0.023 nrg/L, that was grcaler than thc background

conccntration. 'l'lrc avcrage vanadium concenlration for this well is 0.008 mglL, Thc sampling rcsults in

MW 7-S mngcd fionr 0.006 lo 0,022 ngll^l'hc average conccntration was calcutatcd to be 0,013 mg/L.

All ol'thc rcsuhs wcrc lcss thau thc background conccntration in MW 8-S,'thc averago conccntration was

calculated to bc 0.003 mg/L.

A tcst ol'proportiorts was pcrltrnncd .rn thc data to dctcnnine if the results wcrc significantly d.iffbrent

llran lhc backgtourtd MW l-S. 'lhe tcst ol'proporlions found that only N4W 7-S is considercd to be

diffcrcnt tlran thc rcsults of thc background MW l-S.'Iirc landfill has had a srnall inrpact affcct orr thc

corrccntration of varracJiurn ilr thc grclundvratcr,
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Zinc
The background conc€ntration rvas calculated to be C.058 and 0"014 mg/L in the MW l-S and l-WT,

respectively. Each of lhese concentrations rvas calculated using the upper limit of the student's t 99o/a

confidence ;:rlerval. There was one sample resutt in the four monitoring wells, 5-S through 8-$ that was

greater than the background conccntration of 0.058 mglt. The concentration, 0.363 mg/L. rvas reported in

the March 2000 sampling event i:. MW 8-S. The average zinc ccncentrations for MW 5-S through 8-S

are:0.017,0.015, 0.016, and 0.075, respectively. The landfitl has had very little affect on this parameter

in the groundwater.

Total Atrkolinity
'fhe background concentration rvas calculated to be 253 and 342 r':rg/L in the MW l-S and l-WT,

respectively Ebch of these corrcentrations was calculaled using the upper limit of the studerrt's t gg%

conficlence interval. In ivlW 5-S through ff-S, the alkalinity rvas consistently higher than the background

conccntrations. Orrly one value was less than lhe MVI l-WT backgrour,d concentralion at 324 mg/L in

MW 5-S. The average concenlrations for the four downgradient weils were 442,389, 396, and 287 nt{L,
Thc concentration of total alkalinity in the groundwater has been significantly impacted by the landhll.

l'henol Alkolinity
Phenol alkalinity was ltot detectcd in the thrcc samples of MW l-W'I, thus the upper linrit of the

background concentration was set al 1.0 mg/L, the lowest detection limit.

'lb dcterminc if the dou'ngradient morritoring wells vrere significantly differcnt than thc backgroun<l

conccntrations in MW l-S, a tcst of proporlions was perfcrrmed on each dorvngradient well. Moniloring

wcll 7-S has thc only detectablc lcvels of phenol alkalinity. T'hc test of proportions inrlicates that this is

nol significantly diffcrent lhan thc background. I{olcvcr, thc concenlralions rangc fionr bclow tfie

detcction limit to i60 mgll..'l"hc avcrage concentration of phenol alkalinity was calculated to bc 73.5

ngll..

B i cn r h o n ale A I ka I I n i ty
llrc backgrounrl conccnlralions wcrc calculatcd to bc 250 and 334 mgll. in the MW l-S nnd l-WT qsing

ther upgrcr linrit ol'thc sludcnt's t 99o/o confitlcncc inlerval. Sample rcsulls rangcd frorn 3 | 4 to 540 rng/;, in

MW 5-S. 'lhe avcragc conccnlralion was calculatcd to be 4l0 mgil. In MW 6-S, rcsults ralrgcd in

conccntralion frotn 325 lo 410 mgll,.'l'hc avcnrgc conccnlralion In this rvcll was calculatcd to be 366

ntg/|,.fSicirrbonalc alkalinity in MW 7-S ranged from 154 lo 4'i5 m/1. antl had arr averagc conccrrtration

ol'366 ng/L,ln MW 8-S, all of the rcsulls wcrc lcs,q than lhe background concentration <tl'334,029 ntg/1,,

'l'h avaragc was calcula'ed to bs 276 n!l' in MW 8-S, 'llc conuentraf ion of bicsrbonatc alkalinity trae

hccn slightly impactcd rluc to lhc landfill.
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e
Annnnia Nitrogen
Since therc were more than 50% cf samples that had non-detectable rcsults in the background monitoring

weils l-S and l-WT; a test of proportions was performed on each dorvngradient monitoring weli. 'fhe test

showed that there was no significant difference in concentrations between the both of the background

concentrations and the concentrations in the four downgradient rnonitoring wells. 'fhere rverc a tota! of
two sample results that had detectable levels of ammonia nitrogen in the dorvngradient rvells. These were

in MW 5-S and 7-S rvith values of 0.19 and 0.94 mg/L, respectively. Therefore, the landfill has had very

little affect on this parameter in the gr.rundrvater.

Chloride
'fhe background concentration was calculateci to be 30.8 and 25.4 mgll, in MW l-S and l-Wl',

respectively, using the upper limit of the student's t 99% conlidence interval. In MW 5-S, the

conccntration of cbloride ranged from 21.6 to 125 mg/L with an average of 62.7 rng/L. In MW 6-3, the

sampling results ranged from T | . I to 246 rnglL.'fhe average conccntration of chloride was calculated to

be 152.9 mglL. T\e averag,e chloritle concentration in MW 7-S was found to be 82.6 rng/L, the data

rangcd from 48.8 to ll0 m{L.The concenlralion of chloride ranged fronr l13 to 198 in MW 8-S.'I'he

average was calculated to be 153 nglL, The concentration of chloride in the groundwater has been

significantly impacted by the landfill.

Chemical Oxygen Denrund (COD)
Sincc the chcmical oxygen demand was not detected in the background MW l-S, thc upper background

fimit is 5.0 n{L, the lowest non"detectable limil. When detectcd, the sarnple results wcre greater than 5

ntglL in e acli of the four downgradicnt nronitoring wells,

A tcst of proporlions was performed to detcnnine if thcrc was a significant differencc bctween the COl,

conccntrations in thc background monitoring well, l-W'I.'flre background well lrad tlrrce of the severr

samplcs that wcrc dctcctcd. 'l'hs concerttrations were 44,25.6. and'12.9 mgll". Although, the tcst of
proportions indicatcd that thcre was no difference irt the datn, it appears that there is a difference in fhreo

of tlrc downgradicnt monitoring wclls, 'l'hc four dctccted conccnlrations in MW 5-S were 26, 57,9, 25,7,

awJ 203 ngll.. Monitoring wcll 6-5 had threc dctectcd conccntrations. T'he rcsulte alc 100, 123, and 94.1

ntgll.,.'l'wo sample cv{.:nts had quantitative rcsults in MW 8-S. 'llrc results werc 30.3 arr<l l58 rn1y'L,

Monitoring well 7-S had two detcctcd results, which were 10.5 and 34,3 mdL, Thcrc has bcen an irnpact

on thc conccrrlration of COD in thc groundwatcr duc to thc landlill.

Iluoriilc
'l'lrc background conccirlration was calcula'tcd to bc 0.193 ntgl|, iri MW l-S using Cohcn's nrcthod.'lhc

sludcnt's t dislribution was uscd lo calculatc the uppcr lirnit in I\4W l-W'f. 'l'his concentration was foulrd
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to be 0.757 mgll. Of the four downgradient monitoring rvells, only MW ?-S has had a significant change
from the bacl5:ound concentrations. Monitoring well 5-s had concentrations that rvere less than 0.13
mgfL' T1le average conc€ntration rvas calculated to be 0.t0 m/L in this monitoring well. The
concentration of fluoride in MW 6-5 ranged from 0.17 to 0.41 mg/L. The average concentration rvas

calculated to be 0.26 mg/L. The resutts in MW 8-s were all below the l-WT upper limit concentration of
0'757 mg/L- The data ranged from 0.14 to 0.26 mg/I- with an average of 0.21 mg/L. There is a significa't
variation between the background concenlrations and Mw 7-s. The results ranged from 0.64 to 2.43
mglL with an average concentration of L52 mgtL. The concentration of fluoride in the groundrvater has

been slightly impacted.

pH
The limits calculated forpH range from ?.16 to 8.14 in Mw l-wT and7.22to7.g}in MW l-s. In the
downgradient monitoring wells, pFI ranged from 6.9 to 7.8 in Mw 5-s, 7.1 to 7,9 in MW 6-s, g.9 to 10.2
in MW 7-S an7.I to 8.3 in MW S-S.

Nitrate as N
Tlre background concentration was calculated to be I 1,07 mgtL in MW l-s using cohen's method.
Monitoring well 5-S and 8-S had quantitative results for nitrate concentrations. In monitoring well 5-S,
the three resultg were 1.31,6.24, and 2.00 mg/L. Using the detection timit to calculate the averagc
concentration for this well, the result was 1.42 mgtL. Data ranged from 1.68 to 3.01 mg/L in MW g-S.

The average conccntralion was calculated to be 2.4g mglL.

A test of proportions was used to dctermine if there was a difference between the backgrourrd MW l-WT
and the four downgradient monitoring wells,5-S through 8-S. Nitrate was detected in three of thc sample
evcnts in MW 5-S and all seven c'f lhe events in MW 8-S.I'he test of pro;rortions indicated tSat therc was
no significant diffcrcnce betwecn MW 5-S and l-WT. Monitoring wcll B-S was clctermined to be
si gni fi cantly dif ferent t h an the background concentrati on.

'l'he groundwalcr has bcen affected only slightly by the landfilt witlr regarcls to nitrate concentrations.

Sulfute
' .,: background concctttration was calculated to be 178 mglLinthe MW l-s and 243 mgllin MW l-wf

using the uppcr limits of the studcnt's t 99Yo confidence inlen'als. In MW 5-S, the concentralions of
suf fate rangcd fram 196 to 650 mgll'wilh an average of 385 mgll".lnMW 6-S, thc avcrage of sulfate was
235 mgll"' whcrc tltc dala ranged frorn 106 to 332 mglL. 'lhe concentration of sulfate rangccl from 336 to
494 mgll- in MW 7'S with an averilg/: cc::centration of 425 mg/|,.'Ihe average sulfatc concentration in

!
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MW 8-S was calculated to'be 803 rng/L. The results ranged from 686 to 865 mg/L. The concentration of
sulfate in the groundwater has been significantly impacted by the landfill.

T'otal Organic Carbort QOC)
The background concentrations were calculated to be 4.5 and 17.l mglL in the MW l-S and l-WT using

the upper limits of the student's t 99% confidence intervals. The concentration of TOC in MW 5-S ranged

from below detection lintits to 29 mglL. The average concentration was calculated to be ll,I rn{L.In
MW 6-5, the data ranged from 2.01 to 13.7 rng/L. The average concentration in tliis woll was calculated

to be 10.2 mg/L. The range of TOC concentration in MW 7-S was 7 to 18 rng/L and the average was 13.4

mglL.InMW 8-S, the results ranged from 2.05 to 14.4 mg/L with an average of 8.5 mg/L.'I'herefore, the

landfirll has had very little aflect on this paiameter in the groundwater.

Total Dissolved Solids QDS)
The background concentrations rvere calculated to be 540 and 488 mglL in the MW l-S and l-WT,
respectively, using the upper limits of the student'st99Yo confidence intervals. The concentration of TDS

in MW 5'S ranged from 633 to l2l3 mg/L with an average concentration of 846 mSL.In MW 6-5,

results rmlnged from 566 to 86-l mg/L with an average concentratiorr of 797 m{L, The range and average

of TDS concentrations in MW 7-S were 8A21o l.423 mglL and 1133 mgll,,rcspectively, In MW 8-S, the

resulls ranged from I 125 to 1252 mglL. The average concentration was calculated to be I lT9 nrg/L for

MW 8-S. I'he concentration of dissolved solids in the groundwater has been significantty impacted by the

landfill.
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V. GROTINDWATER IMPACT- VOLATILE ORGAMC COMPOUNDS

All of the nonitoring wells have been sctrnned for volatile organic compounds durirrg the sampling

period. Compounds have been eliminated fronr the list when all of the downgradient and upgradient

monitoring results are below detection timit for two sampling events.

Currently there are five volatile compounds that are being analyzed for in the monitoring wells at Dixon

Marquette Cement Company. These are benzene, l,l-dichloroethane, l,l-dichloroethene, toluene, and

I,l,l-trichloroethane. Of these colnpounds, benzene, l,t-dichloroethene, toluene, and l,l,l-
trichloroethane have class I groundwater standards.

In the follorving sections, these five compounds are discussecl with respect to th; background

concentrations, and the concentrations in the downgradient monitoring rvells: 5-S through 8-S.

Benzene
The compound was not detected in the background monitoring wells MW l-WT and l-S. The upper

background concenlration limit was found to be 0.005 m{L,the mcthod detection limit. Benzene was not

detected in the downgradient monitoring wells 5-S and 8-S.

1,1-Dichloroethune
The compound was not detected in the background monitoring wells MW l-WT and l-S. The upper

background concentration limit was found to be 0.005 ng/L.ht the downgradient monitoring wells 5-S

tlrrough 8-S, the cotnpound was cletected in only 7-S. Seven of tlre eleven samples had quantitative results

in MW 7-S. The average concentration was calculated to be 0,0299 mglL.

I ,l -Dichloroethene
The compound was tlot detected in the background monitoring wells MW l-WT and l-S, The upper

lrackground concentration limit was found to be 0.005 mglL, tlte method detection timit. In the

clowngradient monitoring wells, 5-S through 8-S, the compound was detected in MW 7-S only. Three of
the seven samples had quantitative results. The average concentration was calculated to be 0.0058 mg/1,,

T'oluene
The sanrple from the shallow aquifer had 0.0082 mg/l tolucne on July 24,1998. The source of the toluene

was nol identified.'l"here have been no other sampling events in wlric totuene was detected in MWI-S

above 0.005 mg/|. Because toluene was not confirmed in the well, its detection in the sarnple from July

1998 is considered to be sporadic, ancl loluene is not actually present in the well.'foluene w4s 6ot

delected in MW l-Wl', thus the upper background concentration limit ir 0,005 mg/L, the mcthocl

!
I
T

I
t
I
I
I
I
I
T

T

I
l5
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detection limit. In the four clowngradierrt'rnonitoring wells, 5-S through 8-S, toluene rvas p')t detected

during all of the sampling events and is not considered to be differerrt than the background concentration,

l,I,l-Tricltlorcethwrc
The compound was not detected in MW l-WT arrd l-S. The upper background concentration limit was

found to be 0.005 mglL,the rnethcd detection limit. ln MW7-S, two of the sample events had results that

rvere detected. The average conce;rtration ofil,t,l-trichlorlethane was calculated to be 0.0052 rng/L.

There were no detected concentratious of l,l,l-trichloretlrane in MW 5-S, 6-5, and 8-S.
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VI. GROUNDWATER STANDARDS .a

In the foll. -ring sections, the maximum99,5oh confidence intbrval of MW 5-S through 8-S is discussed

with respect to the Class I Groundwater Standard. In addition, the best fit lines and trends of the sampling

data are presented.

Alwninum
There is no Class I Oroundwater Standard for this parameter, The maximumgg.So/o confidence interval

for IvIW 5-S through MW 8-S was calculated to be 2.522mgtL.

Linear trend lines for each of the four monitoring wells indicate a decreasing slope for the data. Results

from other downgraCient monitoring wells indicate that the 99,5% confidence interal would bs met in

the future at Dixon Marquette Cement Company.

Antimony
The Class I Groundwatrr Standard for this parameter is 0.006 mgll-. Tlre 99.5 % confidence interval was

calculated to be 0.002 mg/L using data from MW 7-S.

Since the parameter was not detected in the other three wells, the trend line was steady, without a slope.

The trend line for MW 7-S was negative, representing a deoreasing hend. The parameter was not detected

in two downgradient wells, MW 3-S, and MW 4-S.

Arsenic
The Class I Groundwater Standard for this parameter is 0.05 mg/L. The maxinum 99.5% confidence

interval was calculated to be 0.041 mgtLusing data from MW 7-S.

The linear trend lines indicate a decreasing slope for each of the four monitoring wells, Although the

trend lines indicate a decreasing slope for each of the monitoring wells, it is expected that the

concentrations of arsenic is expected to rise to levels that exceed the standard since MW 3-S has

consistently exceeded the standard.

Bariunt
The Class I Groundwater Standard for this parameler is 2.0 mglL. The maximum 99,5%o confidence

interval for the four downgradient wells, 5-S through 8-S was calculated to be 0.37 | m{L.

Each of the l'our trend lines has a negative slope, indicating a decreasing trend in the conccntrations over

tinre. Using data from MW 3-S and 4-S and the trend lines for the four monitoring vrells, the

conccntration ofbarium is not expected to rise to concentrations greater than the standard.
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Dkon lllargucfte Ceueat Contpay* Dkon, Illiuois
Preparcd by Preston Englneeriug Ine
February 27, 2001

Berylliuar
The Class I Groundwater Standard is 0.004 mg/L for beryllium. The maximum99.5Vo confidence intelal
was calculated to be 0.002 mg/L using the data frcm MW 8-S.

Since the parameters were not detected in the other tlree wells, the trend lines were steady, without

slopes. The trend line for MW 8-S was negative, representing a decreasing trend. The monitoring data

from MW 3-S and 4-S indicate that there should not be an increase in the concentrations of this

parameter.

Boron
The Class I Groundwater Standard is2.0 mglL. The maximum99.5% confrdence interval was calculated

to be 1.452 mgll. from the sampling data at MW 7-S.

All of the trend lines for the four downgradient monitoring wells are negative, indicating a decreasing

trend. Using the trend lines, and monitoring data from other dorvngra<iient wells, it is not expectecl that the

concentration of boron would exceed tlris standard,

Cadmiunt
The Class I Groundwater Standard for this parameter is 0.005 mgtL. The 99.5% confidence interval vras

calculated to be 0.002 mglL for the four downgradient monitoring wells.

The slopes of the trend lines indicate a that the concentrations are steady with a slight clecrease in ths

concentration over time. Since cadmium Was not detected in MW 3-S and 4-S, the landfill has had very

little affect on the groundwater for this parameter.

Calciunt
f'here is no Class I Groundwater Standard forthis parameter. The maximum99J% conficlence interval

was calculated to be 420 mglL for the four downgradient wclls.

'I'he linear trend lines have a positive slope for MW 6-5 and 7-S indicating a slightly incrcasing trend over

tirne. The results fronr MW 3-S do not indicate an increase in the parameter. Valuss were below lQ ntglL

in MW 3-S.

Chrouiuut-
The ntaximttm 99J% confidencc interval was calculatcd to be 0.030 mglL, this is significantly lower than

thc Class I Oroundwater Standard of 0.1 mglL,
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The trends indicate that the concentration of cluomium slightly is decreasing in h{W 5-S through 7-S.

There is a small inoeasing tiend in MW 8-S. There is very little difference betrveen the concentrations of
MW 5-S through 8-S and the chromium concentrations in MW 3-S.

Cobslt
The 99.5% confidence interval for the four downgradient wells was catculated to be 0.A27 mgtL. This is
significantly lower than the Class I Groundwater Standard of I mg/L.

All of the trend lines for the four monitoring wells indicate that the cobalt concentrations are remaining

steady with a slight decrease over time. The data from NfW 3-S indicate that the landfill is having very

little affect on this parameter, and one would not expect a significant increase over time.

Coppcr
The 99.5% confidence tnterval l'or the four nronitoring wells 5-S through 8-S was calculated to be 0.0g4

mgll. This is significantly lower the class I Groundwater standard of 0.6s mgtL,

Except for MW 6'5, the trends indicate a slightly decreasing slope, The slope for MW 6-5 indicates an

increasing trend over time. This, however, is a very shallow slope,

Lead
The maximum99.5Yo confidence interval was calculated to be 0.012 using clata from MW 6-S. This is
approximately 60% higher than the class I groundwater standard.

The linear trends for the four monitoring wells lrave rregative slopes, indicating a clecreasing trend.

Concentrations of lead in MW 3-S were below 0.002 mgll., which indicate that the landfrll has not had a

signilicant affect on this parameter.

Iron
The ntaxirnum 99.5o/o confidence interval for the lbur downgradient wells was caiculated to be 6.399

nrg/I. using the data from MW 6-5. This is approximately 128% increase frorn the Class I Groundwater

Standard of 5 mg/L.

'fhe lour besrfit lines have negative slol es, representing a decreasing trenrl. Concentrations of iron in
MW 3-S are less than I mgll-, whereas tlte concentrations of MW 4-S rangc frorn 0.323 to S.3g mgfL.

l|[ngnesiunt
'l'lrere is no Class I Groundwater Standard for this paramcter. The maximum 99.5 o/o colfidencc interval

was calculated to be 171.5 mgll-. rrsing data frorn MW 5-S.

t9
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Thc best fit line for the sampling data in MW 5-S, ?-S and 8-$ indicate an increasing trend for this

parameter. Monitoring well3-S has concentrations that are significantly less than the l-WT background

concentration.

Manganese
Tlte Class I Groundwater Standard is 0.15 mg/L for this parameter. The maxfunum 99,5% confidence

interval was calculated to be 3,251 mglL using data frorn IMW 6-5.

Only MW 8-S was represented by a positive slope during trend analysis. 'Ilris indicates that tho

concentration manganese is increasing in this monitoring well.

Mercury
The class I ground water standard for this parameter is 0.002 rngll-. Since the parameter was not detectcd,

the lowest non-detectable limit, 0.0002 nrglT- was found to be the maxirnumgg.So/oconfidence interval.

Nicket
The 99.5% confidence interval was calculated to be 0.044 n{L, this is significantly iower than 0.1, the

Class I Groundwater Standard. The best fit lines four each of the four monitoring wells indicate a slightly

decreasing trend in the data.

Potsssiunt
There is no class I ground water standard for this parameter.'lhe maximum99,5% contidence interval

was calculated to be 838.1 mglL.

Although the four best-fit lines that represent the data have negative slopes, or decreasing trends, it is

unlikely that the concentration in these wells will decrcase. Data from MW 3-S suggcst that the

concentration will increase as the average concentration in this well is 1636 ng/L.

Seleniunt
f'he maximum99.5% confidence interval was calculated to bc 0.01I mgll.. There is approxirnately 3SS%

difference between the confidence intcrval and the Class I Groundwater Standard of 0.05 mgll-.

'lhree of the four best-fit lines have a positive elope, indicating an incrcasing trend. The trencl line for

MW 5-S is negative. Data ;rom MW 3-S indicate that there may be an increase in the concentrations of
selenium over time.

Sodiunr
'flrere is no Class I Groundwater Standard forthis parameter.'I'he maximum99,5%o confidcnce interval

was calculated to be 74.4 n{L using tho data from MW 5-S.
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I Three of the four trend lines indicate that the concentration of sodium is increasing over time. Data from

MW 3-S further indicate that sodium concentrations are being affected by the landfill and the

I concentration rvilt increase in the four downgradient monitoring wells. The average concentration in MW

3-S is 122.1 mglL.
n
r Thallium

The Class I Groundwater Standard for thallium is 0.002 m'g/L. The gg.5o/o confidence interval was

I calculated to be 0.004 mgll. using data from MW 8-S.

I 'fhere were no trend lines for thc monitoring wells 5-S tluough 7-S. The best-fit line for MW 8-S has a
I positivo slopv, indioating an inoreasing trond. Data from IMW 3.S indicate that an increase in thallium is

I unlikely to osour,

t
Vanadium

I There is no Class I Groun<lwater Standard for this parameter. The maximum 99,5o/o confidence interval
I 

was calculated to be 0,021 nrytLusing the data from MW 7-S.

I
f Three of the four slopes of the best-fit lines were negative, indicating a decreasing trend. The slope on the

trend line for MW 8-S was positive. Data from MW g-S indicate that there is a slight increase in

I vanadium concentrations over time, as the average concentration in this well is 0.012 mglL.

n Zinc
I T.|l,e 99.5% confidence interval was calculated to be 0.268 rngtL, this is significantly lower than the .

groundwater standard of 5 nglL.

! 
The trenti lines for the four monitoring wells indicate a deL:ease in concentration of zinc over time. Data

t from MW 3'S indicate that the landfill has had little affect on the zinc concentrations, as the average is

' 0.011mg/L.

I Toutl Alkalinity
J'here is no Class I Groundwater Standard for this parameter. The 99,5o/o confidence interval was

I calculatecl to be 578 mglL,usingdata from MW 5-S.
I

I The best fit lines for the four downgradient welts, 5-S through 8-S, were positive, indicating an increase

I in the conccnlralion of total alkalinity over timo. Data from MW 3-S indicates that the alkalinity in thcse

wells will continue to rise as lhe average concenlration in this well is 1488 m{L,,
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Phenot Alkatirtity
There is no Class I Croundwater Standard for this paranieter, Tlte 99.5o/a confidence interval rvas

caiculated to be 305 rng/L using data frorn MW 7-S.

The slope of the best-fit line for the results in MW 7-S indicates a positive increase in concentration of

phenol alkalinity over time. hr addition, MW 3-S has concentrations that avsmge 765 mg/L.

Bicarbonate Alkalinifi
Tlrere is no Class I Groundwater Standard for this parameter. The 99.5% confidence interval was

calculated to be 528 mg/L using data from MW 5-S.

The best-fit lines for MW 5-S and 6-5 have positive slopes, indicating an increase in corrcentration over

time. Data from IvIW 3-S also indicates that there will be a steady increase in the bicarbonate alkalinity as

the range of sampling data is 120 to 1450 mglLand the average concentration is 523 mglL.

Aurttonia Nitrogen
There is no Class I Groundwater Standard for this parameter. Tlte 99,5% confidence interval was

calcnlated to be 0.70 rng/L, using data from MW 7-S.

The trends for MW 5-S and MW 7-S indicate an increase in ammonia nitrogen over time. Data frorn MW

3-S had two sanrpling events with detectable concentrations.'Ihe results were 1.60 and 0.61 mg/L.

Chloride
'I'he Class I Groundwater Standard is 200 mglL, wltereas tbe 99.5o/o confidence interval was calculated to

a
be24l m$L for the four downgradient monitoring wells, 5-S through S-S.'Ihis is a lTVo difference.

Only the best fit line for the ilW 5-S sampling data indicates a decreasing trend over tinre. Chloride

concentrations are expccted to continue to rise in the four downgradient monitoring wells. Monitoring

welf 3-S has chloride concentrations that range from 130 to23l mglL,the average was calculated to bc

169.0 mg/L.

Clrcmicnl O4tgen l)ennnd (COD)
Tlrerc is no Class I Groundwater Standard for COD. The maximum 99,5% confidence interval was

calculated to be 155.3 mg/L using data from MW 5-S.

All four bcst-fit lincs indicated that the coucentration of COD would incrcase ovcr tirne. Monitoring wcll

3-S also indicates that thc concentration of COD will increase in ths four downgradient nronitoring wells,

'fhe concentration of COD ranged from below detcction limits to 242 ng/I.,

t
T

!
T

t
I
I
I
T

I
t
t
t
I
I
I
t
I
I22,



T

I
T

I
I
t
t
t
t
I
I
I
I
T

I
II
I
t
t

A tlJ u sted Crou ndtrat er Slandqrds
Dlmn lttarquette Cemenl CompnT,- Dixon, Illlnois
Prcporcd by Preslon Englnzcrlng, Inc-
May 8,2001

Fluoride
The Class I Groundrvater Standard for fluoride is 4 mg/L. The maximum 99.5% confidenc€ interval was

catculated to be 2.48 mg/L using data from MW 7-S.

The best fit lines indicate that the concentration of fluoride is inc-.easing in all of the monitoring wells

except for MW 7-S. In addition, the concentration of fluoride in MW 3-S ranged from 3.02 to 4.44 mg{L

with an average concentration of 3.60 mgil-. This further indicates that there rvill be an increase in the

fluoride concentration in the f<lur dorvngradient monitoring wells.

Nitrate us N
The Ciass I Groundwater Standard for nitrate is l0 mg/L, The99,5o/o confidence interval was calculatcd

tobe 4.84 mglL.Therc is approximately 107% difference between the two values.

The trend lines shorved a decreasing slope for MW 5-S and an increasing one for MW 8-S. Since the

concentrations in MW 3-S are similar to the MW 5-S, the concentration of nitrate is not expected to

increase.

pH
The two sideA 99/o confidence interval rvas calculated to be 7.0 to 10.4 for the four downgladient

monitoring wells 5-S through 8-S, Although the linear trends indicate a decreasing pH, values greatcr

than l0 were reported in MW 7-S.

Sulfate
lhe Class I Groundwater Standard for sulfatc is 400 mg/L. The 995% confidencc interval was calculaled

to be 897 mg/L from the MW 8-S data.

l'he best-fit lines indicate that sulfatc is incrcasing in MW 8-S only. Results from MW 3-S indicate that

the concentration of sulfate will increase.'Ihe average concentration was calculatcd to bc 1076 mglLin

MW 3-S.

Total Organic Carbon (TOC)
Therc is no Class I Groundwatcr Slan<lard for total organic carlton. 1he rnaximrn'n 99.5o/o confidence

inlerval was calculalcd to bc 28J rttl!I'.

All of thc bcst-llt lines indicetc a decrcasirrg trcnd in conccntration ovcr linrc. Data frorn MW 3-ti

indicates that the conccntration of I OC will increase as thc average concetttration ie 17 ,32 n{L.
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Totsl Dissolved Solids (TDS)
The Class I Groundwater Standard forthis paiaii'reter is 1200 nlg/L. The maximum gg.s% conlidence

intervat for the four downgndieut monitoring rvells lvas calculated using resuits from MW Z-S. 'Ihe result

is 1478 mgtL.

The best-fit line for MW 8-S indicates an increasing trcnd for the concentration of TDS over time. The

other three have a negative slope, indicating a decrease in concentration. Data from MW 3-S indicares

that the concentration of TDS will increase instead of decrease. The average concentration is 3843 nrg/L.

Benzene
The class I groundwater standard for this compouncl is 0.005 mg|r.-l'he maximum gg.s% confi{ence

interval could not be calculated for monitoring u'elts 5-S tluough 8-S since benzene was not detected

during the sampling evenls. Ali of the trend lines aro repres€nted by horizontal lines that have no stope.

I,I-Dichloroetlrcne
'l'hcre is no class I groundwater slandard for this parameter. 'fhe maximu m 9g,5% coufidence interval was

calculated to be 0.0669 mg/L using data from IUW 7-fi. Since the compound was not cletected in MW 5-S,

6-5, and 8-S, the trcnd lines are horizontal wilhout a slope. I'he bcst fit line in MW ?-S was rcpresented

by a positive slope representing an increasing lrentl.

I,l -Dichloroethene
l'he cfass I groundwatcr standard for tlris parumetcr is 0.007 mg/L,'tlte maximum gg.s% confidencc

intcrval was calculaled to be 0.0076 nrll- trsing data from MW ?-S. Since the l,l-<lichtoroethcnc was not

detcctcd in MW 5-S,6-S, and 8-S, the trend lines arc trorizontal without a slope.'fhe best fit linc in MW
7-S was reprcscntcd by a positivc slopc representing an incr'casing trend.

'I'otuene
'l'hc class I groundwatcr standard for this compound is I nrg/L, [}e maximu11.;.99.S%oconfidence intr:rval

coulcl not be calculated for monitoritrg wclls 5-S tlrrough 8-S sincc toluene was not <lctecte4 during the

satn;tliltg cvcnts. Atl of thc trcnd lincs arc reprcsenlccl by horizontal lincs that lrirvc no slouc.

I ,I ,I -'fricltl0roelhunc
'l'hc class I groundwatcr standard for this compound is 0.?. mg[,. l'he maximum gg,5o/o confidence

itttcrval rvas calculalcd to bc 0,00591rrg/l- using data from MW 7-S. Sincc tle l,l,l-trichtoroetha'e rva$

not dclr:ctcrJ in MW 5-S, 6-S, and 8-S, the trcrtd tinss arc ltorizontal without a slopc. 'l'hc bcst fit line in
Mw 7"s was rcprsscntcd by a negativc slopc rcprcscnting a dccreasing trcnd.
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VII. ADJUSTED GROUNDWATER STANDARDS

In tlre following table, the Class 'Groundrvater Standards, the maxrmur, g6.so/'o Confidence Inlsyal of
Mw 5-S tbrough 8-S, the upper hqrits of the 99ft percentile for lv{W l-WT and l-S, and the calculated
99'iotc confidence interval for M$/ 3-S are given. The requested adjusted groundwater standard is liste6.
All concentrations are given in mg/L, unless noted otherwise.

Clars I Standrird MW55-85
llat99.5eL Cl

l\tW l-S Upper
Llmlt

[Ilv l-wT
Upper llmlt

MW3-S99.s%
CI

Requested Adlusted
Stendard

Aluminum 2.522 0.${ 0.454 0.730 2.522
Antimony 0,006 0.402 Tst ofProp 0.00t 0.001 0.006
Arsenic 0"05 0.04 r Tst ofProp . 0.003 0.t4t 0.
Barium 2 0.371 0.091 0.227 0.068 )

Beryllium 0.004 0.002 0.001 0.mt 0.001 0.004
ttoron 2 t.452 Tct ofProp Tst ofProp 0.212 2

Cudmium 0.M5 0.ffi2 0.001 0.001 0.006 0.005
Calcium 420 t09 t26 6.6 420

Chromium 0.t 0.030 0.002 0.002 0.032 0.1
Cobalt I 0.02'l 0.003 0.008 0.003 I

u.o) O.UE4 0.005 0.0 t2 0.037 0.65
0.0475 0.0t 2 0.001 0.006 0.004 0.0t2

6.399 0.465 0.89r t.0t? 6.4
Magncsrum t 7r.! s3.9 50.4 4.6

--l7rJ ---
ManSanc!]e 0.t5 LUt 0.u5 2.687 0.t86 3.3
Mcrcury 00) 0.0002 0.0002 Tst ofProp 0.00t I
Ntckcl 0.1 0,044 0.007 0.023 0.03 | 0.t

838 Tst ofProp 4.N4 u_02 2309
sercrlfum | !!U | 0,011

--j--

s0drurn | | 74.4

0.0(X Tst of Prop 0,0r2 0.05
t2.8 5t.'l uw r40.5

Tst ofProp
--m;m'"p"-

-_--@__
::l'r-__

Tst ofProp

-@e-_Tst of Prop

-'--lo,s -*
.-u9_-_..

-uu -"
---_,:.::-:.___

7 .22 to 7.82

---Ils- --
-4J --
--* 540 -

Tst of Prop

otff--
-_E[--
_:_raz___

t.0

_-r@_ _

'Ist of Prop

--- 
25A --*frr;fF 

"p 

:
*-- 0t;*-*'
- Trt ofTfip -
-llro ro s.ta -

243 I
I-__--itr ---]

-iP.-_ 

_-+._ 
|488 |

0.002 
|

- 
-.__a0.026 

|

0.0t8 |

_.-._-_-__1t69e I-._-.=-:._*l
t t2t I

_ _--_: -_J977 i__--._=_:*.*J
1.25 I_____-.-_l
t97 |.----_-..-__J
t87 I

-.- __.:=:,.---l
4.42 I..--*--:-:jL__J

0,1t8 
|

e.itoTo.f*1
t24s I-----=='- |26.5t I____-_-----. t4338 |

0.02

5

t699

I l2t

977

1.25

241

t87

4,4

ll,t
7,0 to l0,r)

1245

29

4338
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Clacs I Standgrd }IW 55 - 85
Itlar 99.57c CI

IvlW l-S Upper
l,init

MW t-\\'T
Upper limll

nny 3-s 99.5%
cl

Requcsted Adjusted
Stendmd

Benzcne 0.M5 NA 0.005 0.00J NA 0.005
t,t-

dichlorocthane--_-_:-_-
0.0669 0.005 0.005 5.4mglL 0.7 r

!'l'
dichloroethene 0.007 0.0076 0.005 0.005 NA 0.035..

'foluene
T NA 0.005 0.005 NA

trichloroethanc M 0.0059 0.(p5 0.q)5 t2.o 0.2

uamilleJ. 
Yr-'w "v'v wrv' setBrvlr rrrrrrrt' I llE vv.J-lo conlloence lntcrvAl WaS nol C0lcUlAtCd fof this

'l"he 
Class I grcundwater rcmcdiation objectivc fmm sccrion 742 wss uscd becausc a groundrvater standard is not availnr"te.

1!g^9!ssl-q10 Jeug*algr slandard is propo,rcrl.
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Adj t6led Grcundvak Standards
Dixon Lfarqueile Cancnt Company- Dlxon, Illinols
Frepared by Praton Engineeing, Inc
Februury 27,2AOI
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Adjuacd Gro. Fd$oler Slandards
Dixon hfarquz,lte Cenent Coatpny- Dixon, Illinols
Preprcd by Prcstan Englaecdng, Inc-
February27,2(NI

flue to the concentrations in monitoring well 3-S, some of the pararneters are expected to increase above

the maximum confidence interval of 5-S through 8-S. These parameters include: arsenic, potassium,

sodium, alkalinity, suifate, and total dissolved solids. In these inslances, the99,5%o confidence interval of
3-S was requested as the adjusted slandard. In the following paragraphs, each of these parameters is

explained with respect to the concentrations in MW 3-S and the maximum 995% confidenc€ inten'al of
M!? 5-S through 8-S.

Arsetic--The class I groundwater standard is 0.05 mg/L, rvhich is significantly higher th,rn the

99.5o/o confidence interval calculated for moniloring wgils 5-S through 8-S. Seven of the nine

strnple results in MW 3-S rvere greater than the standard of 0.05 nrg/L. Tlre average

concentration wa.s calcutated to be 0.083 mgll,.

Polassiun- The maxintum 99,5%o confidence interval of MW 5-S tlrrough 8-S is 838 mg/L.

Potassium concentrations in MW 3-S ranged from 200 to 2314 mg/L rvith an avcrage

concentralion of 2010 mglL,

Sodiwn- Tlre maximum 99.5% confidence inlerval of MW 5-S tbrdugh 8-S is 74.4 mg/I-. Tlis
concentration is significanlly lower than the average concenlralion of sodiurn in MW 3-S. Sodium

ranged from 82 to 145 mglLwitharaverageaf 122.1mglLinthis dbwngradient rvell.

'lbtul Alkulinity-T\e maximum 99J% confidence interval of MW 5-S through 8-S is 528 mg/L.

In monitoring wcll 3-S, total alkalinity peaked at 1660 nglL on Novcmber 29, 2000. 'fhe

conccrrlralion of t-tal alkalinity has hccn consistentty rising in this.ervclt. The avcragc was

calcufalcd tobe 1488 mtr/|.

Phcnol Alkalinily'''['hc average concenlration in MW 3-S rvas calculated to be 765 mgll,,

howsver the peak concentralion of grhenol alkalinity was nrcasurcd to be | 155 mgil 4uring the

June 2000 sampling cvcnt. 'lhe maximum 995% confidcnce interval of MW S-ti through 8-S is

305 mglL.

IJicurlnnute Alkallnlty- 'l'hc average s)nccnlratiorr of bicarbonatc alkalinily in MW 3-S is j23

mgll,,this is lowcr than thc maxintum 99J% confirlcncc inlcrvnl of MW 5-S through 8-S, S2S

rn1y'f-. Sincc lhc ntaxintum ctlnccntration irt MW 3-S is 1450 nrpy'l,, the four <lolngnrdiclrt

moniloring rvclls are expcctcd lo cxcccd thc acljustcd gtoundw&ler standard,
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I dju stc d Gro ndtrq tc r Std ndards
Dim n ilforqucttc C*ncat Coatpny - Dixon, Iilinols
Preparcd by Preston Engineing, Inc.
t:etFudr), 27. 2001

Sulfate-T\e maximum 99.SfJconfidense interval of MW 5-S rt.rough 8-S is 897 mgll,. This is

significantly lower then the average conc€ntration in MW 3-$. lhe avemge concentration was

calculated to be 1076 mglLandthe peak concentration in this well was 1400 mgl1-.

Total Dissolved Solids- The maiirnum99.5o/o confidence interval is l4?8 rng/L in MW S-S

through 8-S. This concentration is significantly lorver than the average concentratio n,3843 mgfL,
in MW 3'S. Concentrations of total dissolved solids have been increasirrg in MW 3-S over time.
The peak concentraiion was 4400 mg/L during the September 2000 sampling event.

Since there were exceedances of the requested arljusted groundwater staudard in MW 3-S, tlre following
parameters are also considered to be of future concenl.

Vanadiunt- During the sampling period, there rvas one MW 3-S concentration of vanadium that
was greater than the 99.5% confidence intcrval of 0.021 mgll,. This occuned dunng the
November 2000 sampling event and the concentration was 0.029 mglL.

Antnrcnia Nitrogen-'fwo of the seven sample results had concentralions of ammonia nitrogen in
MW 3-S. lhe concentrations were 1.60 atrd 0.61mg'L,. The requested adjusted standard for this
pararneter is 0.70 mgll,. 'l.hus one sample was signilicantly greater than the staldard.

Clrcnticcrl Oxygen Dcntat d-Altlrough the average concenlration of COD in MW 3-S is less tlran
thc rer;uestcd slandard, tltere is somc conccrn rvith future results. Dudng the June 2000 sanrpling
event, thc conccntration of COD peaked at24Z ntglL,

Iluoride- In monitoring wcll 3-S, onc conccnlration rvas grcatcr than the Class I Groundwater

Standard, the concentration was 4.44 ng/L, a ll0% ilrcrease above the standard.
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I Atliusleil Groundwater Standards

I Ditzn ltlarqueile Cenent Contpony- D|o,on, Illitrols
E Frclmred by Pr*ton Engincering, Ina

February 27,2001
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Dlxon ll{arquette Cement Comp
99.5Yo Cls Summary

Parameter Clnss I
GroundWater Stnd

0.006

0.05

2

0.004

2

0.005

0.1

I

0.65

0.0075

5

0.t5
0.002

0.1

0.0i

0.002

400

t200

0.005

0.007

I

0.2

Mrv 6-s Mw 7-s

2.522 0.844

0.001 0.002

0.004 0.041

0.3?t 0.057

0.001 0.00r

0.75 t 1.452

0.001 0.001

420 45

0.006 0.00J

0.027 0.001

0.027 0.009

0.0t2 0.003

6.399 I.806

95.8 15.9

3.251 0.l8?
0.0002 0.0002

0.039 0.016

77.6 838. t

0.005 0.004

68.0 53.5

0.00t 0.00t

0.019 0.021

0.035 0.033

425 534

2.4 305

409 441.57

0.t0 0.7

241 1t9.32

t27 3t.24
0.39 2.48

0.r0 0.10

8. r t0.4

7.0 9.0

3s2 523

20.83 19,3

957 t478

Alumlnum 0.277

Antlmony 0.001

Arsenlc 0.004

Barlunr 0,269
Beryllium 0.00:

Boron 0J86
Cadmlum 0.002

Cslclunr 3 i I
Chromlum 0.006

' Cobalt 0.005

Copper 0.014

Lead 0.001

lron 1.834

Mngneslunr l7l,5
Manganese 0.913

Mercury 0.0002

Nlckel 0.016

Potesslum 259.6

Selenlum 0.005

Sodlum 74.4

Thalllum 0.001

Vnnodlrrm 0.018

Zlnc 0.039

I{lV 5-S

578

I

528

0.t6
132.0

155.3

0.r5
4.84

7.9

7.0

694

28.89

1225

MW8-S

0.664

0.00t

0.004

0.t4t
0.002

0.3t8

0.002

268

0,030

0,025

0.084

0.004

4.r86
l t9.3

3.t33
0.0002

0.044

302
0.01I

62.2

0.004

0.004

0.268

317

t.0
309

0.r0
206
il9

0.28

3.27

8.3

7.0

897

t6.5

t245

Maxlmun
Value
2.522
0.002

0.041

0.371

0.002

1.452

0.002

420

0.030

0.027

0.084

0.012

6.399

t7t.5
3.25 t

0.0002

0.M4
838

0.0t l
74,4

0.004

0.021

0.268

578

305.0

528

0.70

241

t55
2.48

4.84

t0.4
7.0

897

28,9

1478

NA
0,0669

0.0076

NA
0.0059

Alknllnify, to|al

Alkallnlty, phenol.

Alkallnlty, blcarb

Ammonlo nltrogen

Chlorldc
c0n

Fluorlde
Nltrate os N

pll Upper Llmlt (slnd unlls)
pll Lorver l,lmlt (stnd ttnlts)

Srrlfale
'roc

I'tl Dls Sollds

Ilcnzene

l,l -dlclrloroethane

l, l -dlchloroelhcnc
'Ioltrenc

l,l,l -lrlchloroethnrre

NA NA NA NA

N,/r NA 0.0669 NA

Nn NA 0.0C76 NA

NA NA NA NA

NA NA O,OO59 NA

Alf vafucs in nglL unlcss nolcd otherwisc.

Surnnrory 1'oblcs Pugcl of4



Dixon Marquette Cement Conrp
99.5o/" Cls Sumnrary with l\I\Y 3-S

!
T

n

t
t
T

I
I
I
T

T

I
I
T

I
t
T

t
t

NA
NA

NA
NA
NA

' Paramctcr

Aluminum
Antimony
Arsenlg
Bsriunt

Berylllum
Boron

Cadmium

Calclum
Chromium

Cobslt
Copper

Lead
Iron

Magnesium
I\langanese

I\lercury
Nlckel

Potasslum

Selenlum

Sodlum

Thalllum
Vgnadlum

Zlnc

Alkallnlty, total
Alkaliulty, phenol.

Alkallnlty, blcnrb
Ammonla nllrogcn

Chlorldc
coD

Fluorlde
Nltrete ag N

pll Upper Limlt (stnd unlts)

pll Lowcr Llnllt (stnd unlb)
Srrlfatc
TOC

'Itl Dls Sttllds

Ilcnzenc

l, l -dlclrloroclltnne

l, I -dichloroethcne
'I'oluene

. 
l,lrl-trlchloroethane

MW 3-S rlrw 5-S DrW 65 MW 7-S MW E-S

0.730

0.001

0.141

0.068

0.001

0.212
0.006

6,6

0.032

0.003

0.037

0.004

L017
4.6

0.1 86

0.00 t I

0.03l
2309

0.012

140.5

0.002

0.026
0,018

0.277

0,00r

0.004

0.269

0.001

0.786

0.002

3r8
0.006

0.005

0.014

0,00t

t.834

t7t.5
0.9t3
0.0002

0.0r6
259.6

0.005

74.4

0.001

0.0t8
0.039

t699 578

il20.8 r

977 528

t.25 0.16

197.s t32.0

t87.4 t 55.3

4.42 0.15

0.88 4.84

10.9 7 .9

t0.3 7.0

t245 694

26.51 28.89

4338 t225

2.s22 0.844

0.001 0.002

0.004 0.041

0.37t 0.057

0.001 0.001

0.751 1.452

0.001 0.001

420 45

0.006 0.005

0.027 0.001

0.027 0.009

0.0t2 0.003

6.399 1.806

' 95.8 15.9

3.251 0.187

0.0002 0.0002

0.039 0.016

71.6 838.r

0,005 0.004

68.0 53.s

0.00t 0.001

0.0f 9 0.021

0.035 0.033

425 534

2.4 305

409 441.s7

0.r0 0.7

241 |9.32
t27 31,24

0.39 2.48

0.t0 0.r0
8. I 10.4
't,0 9,0

.352 523

20,83 t9.3

957 1478

NA NA
NA 0.0669

NA 0.0076

NA NA
NA 0.005,

Class I
GroundlVater Stnd

0.006

0.05

2

0.004

2

0.005

0.1
I
I

0.65

0.0075

)

0.15

0.002

0.t

0.05

0.002

lllaximum
Value

2.s22

0,002

0.t4t
0.371

0.002

t.452
0.006

420

0.032

0.027

0.084

0.012

6.]99
t7 t.5'
3.251

0.001I
0.044

2309

0.0t2
r40.5

0.004

0.026
0:268
0.000

0.00

t699
tl2l
977

1.25

241

t87
4.42

4.84

t0.9
7.Q

1245

28.9

4338

NA
0.0669

0,0076

NA

0.0t2

0.664

0.001

0.004

0.t41
0.002

0.3 l8
0.002

268
0.030

0.025

0.084

0.004

4.1 86

| 19.3

3.t33
0.0002

0.044

302
0.0r l
62.2

0,004

0,004

4.268

?t,

1.0

309

0.10

206

il9
0.28

J.27

8.3

7.0

897

t6.5

l24t

NA
NA
NA
NA

NA

200

4

t0

400

I 200

5

| 0c0

200

NA

0.005

NA

NA
0.012

All vaf ucs in ntg/L unlcss notcd othcrwisc.
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Dlxon l\Iarquette Cement Comp

R€quested Groundrvatcr Standards Sumntary

Alumlnum
Antimony
Arscnlc
Barium

Beryllium
Boron

Cadmlum
Calcium

Chromlurn
Cobrlt
CoPpcr

Lcad
Iron

Magnesitlm

Manganese

MercurY
Nlckcl

Potasslum

Selenltttn

Sodium

Thalllum
Vanadlum

' zlnc

Alkallnlty' total
Alkalinity, phenol,

Alkallnlty, blcarb
Ammonla nltrogcn

Chlorlde
coD

Fluorldc
Nllratc as N

pII Uppcr Llmlt (stnd ttnlts)

plI Lower Llmit (slnd unlts)
Sulfate

TOC

Tll Dls solldr

Benzenc

I ,l -d lchloroctha nc

l,l -dlch lorocthcne
'f olrrene

l,l,t -lrlchloroclhnnc

Class I
.Grndrvtr
Standnrd

0.006

0.05

2

0.0M
2

0.005

0.1

I

0.(t5

0.0075

5

0.r5
0.002

0.t

0.05

0.002

s

h{W 55 to 8S

Ir{nx 99.5% CI

2.522

0.002

0.041

0.37 t

0.o02

1.452

0.002

42tJ

0.030

4.027

0.084

0.012

6.399

171.5

3.2s1

0.0002

0.044

838

0.0t I
'14.4

0.004

0.021

0.268

s78

305.0

528

0.70

241

155

2.48

4.84

10.4

7,0

89'l

28.9

t478

NA
0.0669

0.0076

NA
0.0059

MW l-SUpper
Llnlt

0.04

1':t of Pmp

Tst ofProp
0.091

0.001

Tst ofProp

0.001

t09
0.002

0.003

0.005

0.001

0.465

53.903

0.045

0.0002

0,007

Tst ofProp
0.004

12.8

Tst of Prop

Tst of I'mp
0.058

253

Tst of Prop

250.03(,

Tst ofProp
30.8

5.0

0.t9
| 1,07

7.82

7.22

t78
4.5

540

MW t-WT
Uppcr llmlf

0.454

0.001

0.003

0.227

0.00!

Tst of Pmp

0.001 
e

126

0.002

0.008

0,012

0.006

0.89r

50.478

2.687
'l'st of Prop

0.023

4.004

Tst ofProp
53.7

Tst ofProp
0.007

0.014

342

1,0

331.O29

Tst ofProp
25.4

Tst ofProp
0.76

'lst of Prop

8.14
'1.16

243

l7.l
488

MW 3-S 99.s%
ct

0.730

0.00t
0.14l
0,068

0.00t

4.2t2
0.006

6.6

0.032
0.003

0.037

0.004

|.0t7
4.6

0.186

0.001|

0.03t

2309

0.012

t40,5

0.002

0,026

0.018

1699

ltzl
97',t

1.25

197

l8'1.4

4.42

0.88

| 0.9

10.3

1245

26.51

4338

NA
0,005

NA
NA

0.0t2

200

4

t0

400

t200

0.005

Requcstcd AdJustcd

Groundrvatcr Stnd

2.522

0.006

0. t41
;

0.004

2.000

0.005

420

0.t
t

0,65

0.012

6.399

t71 .5

3.251

0.002

0.t
2309

0,05

t40.5

0.004

0,026

5

1699

n2l
977

t.25

241

187

4.42

I 1.07

10.9

7.0

t245
28,.)

4338

0

. 0.7+

0,35+n

I

4.2

I

0.2

0,005

0.005

0,005

0.005

0.005

0.005

0.005

0.00s

0.005

0.005

All values inmglL unless notcd oiherwise.

*'l'hcClasslgroundwaterrcmcdiationobjcctivcfromscclion T42wasuscdbccauseagrounclwaterJrtnclarclisnotavailablc.

*r 'fhc Class ll 620 groundwaler standard is proirsed.
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Dhon llltrquette Cement C-omp

Summary
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€Mw 3s Mw s-s r\rw 6-s . Ivff, 7-s Mrv B-s .lHi. Trtl,tt :i"' -. 
rrw {-s Mrv r-wr

AVE AvE AVE AVE AVE JIlo"rO Ct uppcr rrnrlt Uppcr llmlt

Alumlnunr
Aniimony
Arsenlc

Ihriurrr
Ilcrylllurn

Boron

Crdmlum
Calcftrm

Chromlum
Cobrlt
Copper
Lerd
Iton

Illagnerfttm
Mrngenes
Ittercury
Nlckel

Potrsslum

Selenlum

Sodlum
'I'hrlllum

Vanadlum
Zlnc

Alkrlltrity, totrl
Alkrllnlty phenol
Alkallnlty, blcrrb

Ammonla nlarogen

Chlorlde
coD

Fluorldc
liltrtte !s N

pll Uppcr Llmlt (stnd unlt3)
pll Lower Llmlt (slnd [nltr)

Sulfste
't'oc

'ftl Dl3 Solldg

Ilcnznc
l, I -dlchlorocthane

l, l -dlchloroethene
'Iolueng

I, I,l-trlchloroelhrnc

0.322 0.168 0.7s4 0.387 r.326
0.001 0.001 0.00t 0.00t 0.001

0.083 0.002 0.002 0.023 0.002

0.051 0.138 0.258 9.042 0.0?5

0.$r 0.001 0.001 0.001 0.001

0.t0? 0.464 0.424 0.436 0.208

0.c02 0.001 0,001 0.00t 0.001

4.3 240 2J4 25 237

0.012 0.003 0.003 0.003 0.0t0
0.001 0.002 0.0t2 0.001 0.006

0.01? 0.006 0.013 0.005 0.024
0.002 0.001 0.004 0,002 0.003

0.576 0.E9E 2,665 0,E05 t,654
2.6 Bz.J 55.2 9.3 100.1

0.096 0.229 1.695 0.091 0.763
0.0004 0,0002 0.0002 0.0002 0.0002

0.016 0.005 0.020 0.0t0 0.014

f636 86.0 54.8 612.6 245

0.007 0.002 0.003 0.002 0.005

t22.t 37.9 46.4 40.9 39.7

0.001 0.001 0.00t 0.00t 0.002

0.0t2 0.007 0.008 0.013 0.003

0,011 0.017 0.015 0.016 0.07s

1488

765.2

521

0.39

169.0

68,3

3.60

Q.4t

10.6

r0.6

1076

li.32
3811

NA

442

1.0

410

0.t I

62.7

5r.2

0. t0
t.42

1.4

7.4

335

I 1.68

846

NA

389

0.8

366

0.10

153

s7

0.26

0. t0
7,6

7.6

235

t0.19
797

NA

422

74

294,71

0.2

82.59

20.69

1.52

0. l0
9.7

9.7

425

13.4

l 133

NA

0.006

0,05

2

0.m4
2

0.005

2.5?2 0.04 0.454

0.002 TstofProp 0.001

0.041 Tsr ofProp 0,003

0.371 0.091 0.227

0.002 0.001 0.001

1.452 TstofProp TstofProp
0.002 0.001 0.001

0.1

l
0,65

0.0075
q

0.l5
0.002

0.!

0.05

0.002

0,084 0.005 o,0tz
0,012 0,001 0.006

420

0.030

0.021

6.399

l7 t.5

305.0 Tst ofProp
528 250

r09 t?6
0.002 0.002

0.00J 0.008

0.465 0,891

53.9 50.5

342
t.0

334

3.25t 0.045 ].(,E7

0.0002 0.0002 Tst ofProp
0.044 0.007 0.023
838 TstofProp 4.0

0.01 I 0.004 TstofProp
74.4 12,8 53,7

0.004 Tst ofl'rop Tst ofProp
0.021 Tsl ofProp 0.007

0.268 0.058 0.014

578

4

l0

28't

1.0

276

0. t0
r53

4t
0.21

2.4E

/.(i

7,6

803

8.5

|l79

0.70 Trt ofProp Tst of Prop

400

1200

0.005

0,007

I

0.2

241

t55

2.48

4.84

t0.4
7.0

897

28.9

t478

NA

0.0669

a.w't5
NA

0.0059

7.22

178

7.t6
243

3t 25

5.0 Tst ofProp
0.t9 0.76

I 1.07 Tct ofl'rop
7 .82 ' g.l4

0.0045 NA

NA NA
NA NA

0.00E1 NA

NA 0.0299

Nn 0.0058

NA NA
NA 0.0052

4,5 t?.l
540 488

0.005 0.005

0.005 0.005

0.005 0.005

0.005 0.005

0.005 0.00s

NA
NA
NA
NA
NA

All valuce in rng/L unlcrs noted otherwlse,

Sunrrnary 
-l'ablcs

I'age 4 of 4
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I Dixon lrlarquette cement conrp
Backgrcund MWI-S

I 
Strtlstlcal Analysls

t50 180 170 169

5 6.09 2,32 1.45

580 550 550 428

256 7-40

<3

256 240
<.2 <.2

3t 30
<5

0.t8 0.15

6.9 6.9

7 .41 7.1

160 180

3.9 I

5'14 550

t
I
I
t
I
t
t
I
t
t
t
T

T

I
T

I
I

Alumlnum
AntitnonY

Ar;enic
Dsrlunr

Beryllium
Iloron

Cadmlum
Colclum

Chrotnlum
Cobalt
Coppcr

Lead
Iron

Magnesium
Manganese

Mercury
Nlckel

Potasslum
Sclenium
Sodlum

Thalllum
Vnnadlum

Zlnc

Alknllnlty' total
Alkallnlty' Phenol,

Alkalinlty, blcrrbonlte
Ammonia nllrogen

Chlorlde
coD

Fluoridc
Nltrote

plI UPPer Llmit
pll Lower lJmlt

Sttlfote
'toc
'rDs

llcnzene
l,l -dlchlorocthane

l,l -dlchloroclhenc
Tolucne

t, l,l -trlchlorocthano

Sample I Sampie 2 Sanrpte 3 Somple 4 Srmptc 5 Snmple 6

<0.1 <0.1 <0.04 <0.04 <0'04 <0'04

<0.1 <0.t <0.001 <0'001 <0.001 <0'001

<0.005 <0.08 <0.08 <0.08 <0'001 <0'001

o.M'l 0.064 0.056 0.069 0'072 0'067

<0.005 <0.0? <0.a2 <0.02 <0'001 <0'001

<0.01 <0.01

<0.1 <0.05

95 9t 100

0,001 0.001 0.001

0.001 0.00t 0.001

l0
<l

<0.0t <0.001 <0.001 <0.001

<0.05 <0.05 0.05 <0.05

r00 98.3

0.00t 0.001 0.003

0.004 0.001 0.001

0.002 0.002 0.002 0.005 0.001 0'0M

<0.005 <0.1 <0.1 <0.1 <0'001 <0'001

0.258 0.298 0.153 0.2 0.20t 0.22

48 45 49 59.1 48 50.7

0.031 0.029 0.025 0.03 0'02q 0'045

<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0'0002

0.005 0.006 0.0ot <0'058 <0'05 <0'05

t.M 0.89 l.8l 1.8 Ll3 2.2

0.0M 0.003 0.003 <0.005 <0.15 <0'15

tl il II 12.5 I1.3

<l <0.00t <0.001 <0.001

<0.05 <0.05 0.001 <0.00t <0'001 <0'001

0.08 0.039 0.034 0'032 0.037 0.01

2so t88 216 242

<5 4 <1.0 <t

2s0 170 20t 230

<,2 <.1 a.27 <0.1

31 31 32 2c).6

<5 <5 <20 <20

0.t6 <0.2 <0.2 <0.21

9.7 7.5 6.03 6.89

7.t 1.4 7.4 7.8

<0.0010 <0.0005 <0,0005 <0.0005 <0'0050 <0'0050

<0.0010 <0.0010 <0.0010 <0.0010 <0.0050 <0'0050

<0.00t0 <0.0020 <0.0020 <0.0020 <0.0050 <0'0050

<0.0010 0.0082 <0.0010 <0.0010 '<0.0050 <0'0050

<0.0010 <0.0010 <0.0010 <0,0010 <0'0050 <0'0050

All concentrations in mtry'l,.

Background 'l'ables Page I of l0



Dhon ll'larquctte Cement Conrp
Background IttlVf-S
Statistical Analysis

Aluminum
Antimony
Arsenlc
Barium

Berylliunr
Boroa

Cedmium
Calcium

Chromlum
Cohalt
Copper

Lecd

lron
Magneslum
Manganese

Mercury
Nlckel

Polnsclum

Selcnlum
SoClum

Thalllum
Vanndlum

Zlnc

Alkallnlty, total
Alkallnlty, phcnol.

Alkallnlty, blcrrbontte
Ammonla nllrogen

Chlorlde
coD

Fluorldc
Nlaralc

pll Uppcr Llnrlt
pll l,ower Llmlt

Sulfnle
1'OC
TDS

llcnzene
l, l -dlchloroelhane

l,t -rllchlorocthcnc
'I'0lucne

| , l, l -trlchlorocl hane

Samplc 7 Snnrplc I Samplc 9 Samplc l{l Sanrplc I I _Sample 12 Srmplc 13

<).04 <0.04 <0.M
, <0.001

I
t
t
E

t
t
T

I
I
I
t
I
I
t
t
t
I
t
t

29.9 28,1

40

5.91 <t <0.02

7,3 8.t 7.3

165 169

420 422

t78 | 78 t79 t?l
3.t6 2,73 0,57 0.61

440 435 4t5 422

<0.001 <0.001 <0.001 0.001 <0.cpl

0.066 0.075 0.a62 0.069 0.135
<0,001 <0.001 <0.001 <0,e,01

<0.05 0.078 <0.0-r 0.048

<0.001 <0.001 <0.001 <0.00t <0.001

t03 n2 t00 106 r04
<0.04 <0.02 <0.02 <0.0? <0.00t

<0.02 <0.02 <0.02 <0.001

<0.02 4.02 <0.02 <0.001

<0.c01 <0.00t <0.001 <0.00t <0.001

l.0l <0.05 <0.t <0.1 <0.1 <0.1

52.3 49.5 5r.5 48,5

0.039 0.M4 0.028 0.032 0.063 0.000s
<0.0002 <0.0002 <0.0002 <0.0002

0.003 0.004 0.005

4<2<l
<0.t5 0.002 <0.00t

I1.8 t2.6 t4.5

0.0t
<2 <2 <0.05

0.00? 0.012

tz.s I I.t
<0.00t <0.001 0.005 <0.(nl

0.002 0.002 0,008

0.019 0.007 0.036 0.067

240 240 230 246
<l
228 227 226 238
<0,10 <0.1 0.23 <0.1

27,5 27.9 28.1 29.2

40 40 <20 40
0.13 0.r7 0.17 0. 18

6.24 t.54 5.49 6.42

8.2 7 ,7 7 ,2 7.5

<0.0050 <0.0050 <0.0050 <0.0050 <0.0050

<0.0050 <0.0050 <0,0050 <0.00t0 <0.0050

<0.0050 <0,0050 <0.0050 <0.0050 <0.0050

<0.0050 <0,0050 <0.0050 <0.0050 <0,0050

<0.0050 <0.0050 '<0.0050 <0.0050 <0.0050

All concentrations in mgl|..

lSackground 'fablcs Itage2 of l0



I e

Dlxon lllarquette Cement Comp
Beckground MWt-S

I 
strtlstical Analysts

snmpte 14 tvtean stnd. dcv. ,"..t1* n.riin'r, Uppr ltnlt l\fethotl

0.040

0.09t
0.00t

0,00t
totl

0.002

0.003

0.005

0.001

0.465

53,9

0,M5
0.0002

0.007

0,004

| 2.8

0.058

253

250

30.8

5.0

0,t9
I t.07
7.82

7.22

| 78.3

4,5

540

0.005

0.005

0.005

0.005

0.005

t
I
T

I
T

t
T

I
T

!
I
I
I
T

t
I
t

Alumlnum
Aniimony

Arsenic
Barlum

Beryllium
Boron

Cadmlum
Calclum

Chromlum
Cotralt
Copper

Lcad
Iron

Magncslunr
il{anganese

lllercury
Nlckel

Polasslum
Sclenlum
Sodlum

Thrlliunr
Vanadlum

Zlnc

Alkallnlty, total
Alkallnlty, phenol.

Alkallnity, blclrbonale
Ammonla nltrogen

Chlorlde
coD

Fluorkle
Nitrale

pll Uppcr Llrnlt
pll L,owcr Llmlt

Sulfnte
TOC
'rDs

Benzcne

t,t -dlchloroelhone

l,l -dlchloroclhcnc
Tolucnc

l, l, I -lrlchloroclhnnc

l0 2.76

Lowest non-delect

Test ofproporlions
Test ofproportions
Student's t
lnwest non-detecl

Test ofproportions
Lowest non-detect

Sludentrs t
fthen
C,ohen

Cohen

Lowest non-delect

Cohen

Student's I
Sfudent's t
lnwest non-detect

Cohen

Test ofproportions
Cohen

Student's i
Test of proprtions
Test ofproportions
Student's t

Sludent's t
Test of propnrtions

Studentrs t

Test of pmpcrtions

Sludent's t
l-owesl non-delect

Cohen
Cohen

Strrdent's t
Student's t
Sludenl's t

Student's t
Studenl's t

Melhod Detecliol Limit
Method Detection Limit
Mnthod Detectlon Lirnit
Method Detection l,imit
Method Detection Lirnit

0,021

102 't

0.00t 0.00r

0.002 0.001

0.003 0.002

0.236 0.07s

50.2 3.9

0.033 0.0 t 5

0.003 0.003

t0
)
5

J

)
9

il

5

5

l0

2.76

3.36

3.36'
3.36

3.36

2,82

2.72

3.36

3.36

2.76

2.82

2.82 c

2.8'i.

0.002

I t.8

0.036

29.6

0.08

7.32

7.5t6
7.52

t70.8

2,7
484

0.002

t.?.

0.023

1.5

0.09

1.26

0.338

0.338

9.2

t.9
69

2.72

3.36

3.36

3.06

3.06

2;12

2.82

2.72

9

9

9

tl

5

5

t2
l2
tl
I
tl

235 20

227 25

All concenlrations in nrg/L.

llackground Tables Pagc 3 of l0
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t75 238 253
r0.4 t.28 t.43
420 485 471

83.8 86.t

8.06 22.3

320 430

I
I
I
I
I
I
T

!
t
I
t
I
!
t
I
I
T

I
I

Diron Marquette Cement Comp
Background I\lWl-WT
Statistical Analysls

Sample I Sample 2 Sample 3 Sample4 Sample5 Sample6 Sampte?

Alumlnum
Antimony

Arsenlc
Bariunr

Beryllium
Boron

Cadmlum
Calclum

Chromlum
Coba!t

Copper
Lead

lron
Magncslum
Manganese

Mercrrry
Nickel

Potasslum

Selenlum

9odlum
Thalllunr

Vanndlum
Tlnc

Alkallnlty, lotal
Alkallnlly, phenol

Alkallnlly, blcorbonate
Ammonla nllrogen

Chlorlde
coD

Fluorlde
Nllralc

pll lJpper l,lmll
pll Lowcr l,lmll

Su lfatc
TAC
TDS

Bcntenc
l, l.d lchloroethane
|, l .d lchloroclhene

'f olrren e

l, l, l -lrlch loroelhane

0.27 0.08
<0.001 <0.001

0.003 0.002
0.t22 0.155
<0.001 <0.001

<0.05 <0.05

<0.001 <0.001

97.7 10',1

0.002 0.001

0.007 0.008

0.0t2 0.0t I
0.003 0.004

0.73 0.501

t8.2 32.7
2,04 2.64

<0.0002 <0.0002

0.023 0.0t6
2.43 3.06

<0.004 <0.00t

64.9 38.5
<0.001 <0.001

0.005 0.002
0.0t 0.0t1

20t 346
<1.0 <1.0

f98 330
<0.1 <0.1

f .55 22.1

<20 44

0.13 r.t3
<0.1 <0.1

7.5 8.3

0.226 0.074
<0.001 <0.001

0-00t 0.002

0 14 0.t83
<0.001 <0.001

0.061 0.078
<0.001 <0.001

99.1 I t0
0.00t 0.001

0.00t 0.0M
0.005 0.005

0.001 0.001

0.t75 0.966

35.7 39.6

0.912 2.23
<0.0002 <00002

0.009 0.01

3.63 r.9
<0.001 <0.001

35. t 34.4
<0.001 0.002

0.002 0.007

0.008 0.0 t 2

322 215
<1.0

320 188

<0.1 <0.1

t7.9 t 8.8
<20 25.6

0.t2 0.t
0.t2 <0. t

7,8 8

95.7 t20
4,04 7.44

407 390

<0.04 <0.04 <0.04

<0.00t <0.00t <O.rat

0.002 0.00t 0.0005

0.25 0.202 0.t42
<0.00t <0.001 <0.00 t
<0.05 <0.05 0.031
<0.001 <0.001 <0.00t

96.4 r29 l2S
0.001 <0.001 <0.001

0.004 0.00s 0.005

0.00 r 0.008 0.004
<0.00t <0.001 <0,001

0.3M 0.62 0.582

38.8 49.4 46.8
L88 t.78 2,36

<0.0002 0.0002 <0,0002

0.022 0.0t8 0.0t7
1.3 4 3.3

. <0.00t 0.005 0.002

26.2 31.5 2(t.l
<0.001 0.00t <0.00t

0.004 0.007 0.000s
0.00t 0.014 0.006

2't0 290 280

265 276 272
<0.1 0.14 <0.0t
t8.2 19.6 18.6
<20 42.9 40
0.t3 0.t3 0.t5
<0,1 <0.1 <0.1

7.4 't.t 't.6

<0.0050 <0.0050 <0.0050 <0.0050 <0,0050 <0.0050 <0.0050
<0.0050 <0.0050 <0.0050 <0,0050 <0.0050 <0.0050 <0.0050
<0.0050 <u.0050 <0.u)30 <0.0050 <0.0050 <0.0050 <0.0050
<0.0050 <0.0050 <0.0050 <0.0050 . <0.0050 <0.0050 <0.005()
<0.00.50 <0.0050 <0.01)50 <0.0050 <0,0050 .0.00.50 <0.00i0

Af l conc.cnlrntions in mg/l..

llockground 'l'ublcs Pagc 5 ol' l0



Dixon lllarquette Cenrcnt Comp
Background MfVl-WT
Statistical Analysis

qq
Uuocr lirnlt lllclhod

Perccnlile

0.454

0.00t

0.003

0.227

0.00t

0.0

126.1

0.002

0.00E

0,0t2
0.006

0.9

50.5

2.69

0.0
4.0

s3.7

T
.

T
Mean

0.t63

0.002
c.l7l

109.2

0.001

0.005

0.007

0.002

0.6

37.3

L98

0.0
3.1

36.7

0.r00 4.54

3.t4
3.14

srnd, dev. jt*.ut
t| teeoorn

l:Aluminum
Antimony
Arsenic
Barium

Beryllium
Boron

Csdmlum
Cnlcium

Chromlum
Cobalt

Copper
l,esd
lron

ll!agneslum
llltngrnese
lftercury

Nickel
Polassium

Selertlum

Sodlurn

Thalllum
Vanadlunr

Zinc

Alkalinlty, total
Alkallnltn phenol

Alkallnity, blcarbonate

Ammonla nltrogen
Chlorlde

col)
Fluorlde
Nltmle

pll Upper Llmlt
pll l,ower l,lmtt

Sulfale
TAC
't'Ds

lJcnzcne

l, l-dlchlaroethane
I,t -dlchloroclhenc

'fttlttcne

l,l,l -trlchloroelhrne

0.001 6

0.044 6 I
I
I
f,

I
I
t
I
I
t
I
I
i
I
t

0.t7
0.37
'r2,2

,|

-t5

Cohen

L-owest nondetect

Studcnt's t

Student's t

Lcwest non-dctect

Tcst ofproportions
Lowest non-detect

Studenfs t

Cohen

Student's t

Studcllt's t

Cohcn

Student's t
Studcnfs t

Student's t
Tcsi ofproportionc
Studcnt's t

Student's t
Tcst of proporlions

Student's t
Test ofproporlions

0.007 Studenfs t
0.014 Studcnt's t

342 Studcnt's t
I Lowcsl nou-delai:t

334 Student's t

Tc'st of proportions

25.4 Studcnt's t
'fcst of proportions

4,76 Studc$t'e t
'fcst ofproportions

8.l4 Studclt's t
7.16 Studcnfs t

242.8 Slu(lcnt's t
l7 Studcnt's t

488 Studcnt's t

0.005 Mcthod Dctection l,inrit
0.005 Mcthod Dctwtion Limit
0.005 Mcthod Dctection l,inrit
0.005 Mcthod Dclcction Lirnit
0,005 MethoJ Dctcction Llmlt

0.004

0.009

275

2(A

t6,7

t3.z
0.000

0.002

0.004

0.002

0.3

t0.3
0.55

0.0

0.7

13.3

0.003

0.004

53

55

6.8

0.3E0.27

7.65

7.65

t50.2
8

4t8

Af f conccntralionein ngll,,

6

4

6

6

3

(,

6

6

6

6

6

6

6

6

6

6

6

7
1

6

6

6

3,14
3.75

3.t4
3.t4
4.54

3. r4

3.14

3.t4

3.14

3.14

3,t4

3.t4
3,t4

3.14

3. t4

3.t4

,.14

3.5

3.5

t.t4
3.t4
3. l4

IBackground Tables l'agc 6 of l0
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Dixon l\larquelle Cement Comp
Background lltWl-D
Ststlitlcrl Atraly$it

Sanrple I Sample 2 Sarnpie 3 Sample 4 Sanrplc 5 Saniple 6

I
I
t
t
t
T

I
t
T

I
T

I
I'

t
I
;

t
T

I

37 42

3.92 t.5

396 400

Aluminum
Antlmony
Arsenlc
Barlum

Berl'llium
Boron

Caelmium

Crlclum
Chromlum

Cobdt
Copper

Leed
lron

lllagneslum
l\langancre
Iltercury

Nlckel
Potsssium

Selenlum

Sodlum
Thalllum
Vanadium

Llnc

Alkallnlty, tolal
Alkallnlly, phenol.

Alknllnlly, blcarbonale
Amntonla
Chlorlde

col)
l'luorlde
Nltrlte

pll Uppcr !,lmll
pll Lowcr Llnll

Sulfate
'r'oc
'rDs

Bettcne
l, l -dlchlorocthnne

l, l. dlchloroethenc
'l'olucne

l,l,l -trlchl0roeahsne

0.08 0.109 <i.l <0.1

<o.l <0.1 <0.001 <0.001

<0.005 <0.08 <0.08 <0.08

0.063 0.&4 0.047 0.046
<0.0t <).01 <0.01 <0.001

<0.t <0.05 <0.05 <0.05

<0.005 <0.02 <0.02 <0.0?

93 80 86 79

0.002 0.ffi2 <0.04 <0.02

0.004 0.001 <0.02 <0.02

0.002 0.003 0.004 0.003

<0.005 <0.1 <(r.l <0.01

<0.c4 0.1ll
<0.001 <0.001

<0.001 <0.001

0.M7 0.053

<0,00t <0.001

<0.05 <0.05

<0.02 <0,001

92.3 87.6
<0.02 <0.02

<0.02 <0.001

0.007 0.001

<0.00t <0.001

0.8't2 0.79

39M
0.273 0.568 0.519 l. | 9

4l 49.7 45.5 44

350 282 268 320
<l <.1 <l <l

350 250 2.r0 3l0
<0.1 <0.1 0.1 | <0.1

2.55 2.58 4.86 2.61

<8.3 <20 <20 <20

0.t4 0.r I 0,14 0.13

0.19 0.r4 0.13 0.2

7 .3 '1 .4 ',1.5 8, 1

0.0? r 0.066 0.007 0.058 0.053 0.001

<0.0002 <0.0002 <0.0002 <0.0002 <0,0002 <0.0002

0.002 0.003 0.003 0.003 0"002 0.001

1.5 1.4 t.s't t.34 I .89 2.9

0.c04 0.001 0.006 0.0040.00t .0.001

3.8 3.1 4.2 3,3 3.65

<l <0.001 <0.001 <0.00 | 0.002

0.002 0.002 0.001 0.002 0.004 0.001

0.0il 0.013 0.018 0.017 0.02 0.004

3.1

<l

348 350
<5 <5

348 350
<0.2 <0.2

2.23 l.9l
<5 <5

0.t8 0.13

0.2 0.r8
7.3t 7.1

56 35

6 A.tJ
400 400

37 3't.7

2,79 4.s9

370 333

<0.0005 <0.000t <0.0005 <0.0050 <0,0050 <0,0050

<0.00l0 <0,0050 ":0.00l0 <0.0050 <0.0050 <0.0050

<0.0020 -10.0020 <tJ.()020 <0.0050 <0.0050 <0,0050

<0.0010 '<0,0010 <0.0010 <0.00.10 <0.0050 <0.c1050

<0.(,0l0 <0.0010 <0.0010 <0,0050 <0.0050 <0,0050

All conccrttrotions in rng/l.,,

Ilackgnrulrd 'l'ablcs Pogc 8 of l0



T

I
I
T

I
!
t
I
I
!
t
I
I
I
T

t
t
T

T

Dixon Marquette Cerneni Comp
Background MWI-D
Slatlstical Anatysis

Sarnple 7 Sanrple 8 sampte 9 Sampre r0 sampre ll sampte 12 sanrple t3 Sample r4
Alumlnum
Antlmony

Arscnlc
Barlum

Beryllium
Boron

Cadmlum

Calcium
Chromium

Cobalt
Copper
Lead

Iron
Mrgneslum
Manganese

Mercury
Nlckel

Potasslunr

Selenlum

Sodlum
l'hallium

Vanadlum
Zlnc

Alkallnity, total
Alkalinlty, phenol.

Alkallnlly, blcarlronale
Ammonla
Chlorlde

coD
Fluorlde
Nllrotc

pll Upper Llmlt
pll Lower l,lmlt

Srrlfatc
TOC
t'Ds

Bcntene
I,l-dlchloroclho ne

l, I -rtlchloroclhenc
'f olucne

l, l, | -trlchloroclhnne

<0.(x 0.049
<0.001 <0.001

<0.00t 0.001

0.047 0.055
<0.001 <0.00t

0.051 <0.05

<0.00t <0.001

84.9 89.4
<0-00t 0.001

0.007 <0.00t

<0.02 <0.02

<0.00t 0.001

0.t32 0.2t4
tzt 36.2

0.2t9 0.002
<0.0002 <0.0002
<0.05 <0.05

1.2 t.9
<0.005 <0.l5

3.57 3.9
<0,00t 0.003
<0.05 <0.05

<0.02 <0.u2

<0.001

0.036

<0.00t <0.001

69.1

<0.001

<0.001

<0.1 <0.1

<0.0t <0.01

4<2
<0.004

3.6 2.4

<0.01 <0.01

<0.05

<0.(l4

<0.001

<0.001

0.03
<0.00t
<0.05

<0.001

51.8
<0.001

<0.001

<0.02

0.002

0.2t7
43.7

0.001

<0.0002

<0.05

4
<0.1 5

3.8
<0.001

<0.02

<l

3t2

3t0
<0. I
<5

45.7
<0.2

<l
7.2

35.6
<l

322

.0.001

0.046
<0.001

0.009
<0.001

82.4

0.06 !
<0.( 0l
<0.d01

<0.001

<0. I

38.5
<0.01

<0.0002

<0.001

<2

<0.1 5

3

<0.001

<0.001

.328

3t5

<5

<20

<0.21

<.1

7.4

<5

<l
7.2 8

3t4

40.7
<0.5

323

216 308
<0.t 0.29
2.46 <5

<20 52.6

0.t7 <0,2

0.t8 <l
8.t 7.7

37 37.6

3.t6 0.28

338 326

40.2 39.9

3t6317

<0.0050 <0.0050 <0.0050 <0.0050
<0.0050 <0.0050 <0.0050 <0.0050
<0.0050 <0,0050 <0,0050 <0.0q50
<0.0050 <0.0050 <0.0050 <0.0050
<0.0050 <0.0050 <0.0050 <0.0050

All concentrations in rng/!,,

Backgrounrl 'lirblcs Page9 <tf l0



Dlxon i\larquette Cement ComP

Background MWI-D
Statistical AnalYsls

Aluminum
AniimonY
Arsenlc
Barium

Berylllunt
Boron

Cadmium
Calcium

Chronllunr
Cobalt
CopPer

Lead

Iron
Magneslum
Iflanganese

llfercury
Nlckel

' Pohsslum
Sclenlum

Sodlum
Thalllunt
Vanadium

Zlnc

AlkallnitY' total
AlkallnltY' Phenol.

AlkallnltYr blcarbonale
Amnlonls
Chlorlde

coD
Iiluorldc
Nltratc

Pll UPPer Limlt
pll Lower l,lmlt

Sulfate
'roc
'rDs

llenzcne
l, I -tllchlorocthnnc

l, l'dlclrlorocthcne
'f olucne

I , l, l-trlcltloroelhnne

srnd. dev. 
,?.:;t * f.r1J",,,. upper llnrit Methotl

I
T

T

t
t
!
t
!
E

t
I
t
I
E

T

T

I
I
t

8l.4

0.043 0.009 l0

0,003 0.002 5

0.531 0.361 8

50.3 25.2 I
0.053 0.069 8

0.001

216 0.051

0.001

0.001

2J6 91.8

2.9 0.819

?.82 73.9

2.9 0.098

0.0002

3.36 0.003

3 2.3

3.36 0.005

2.t2 3.85

Test olproportions
Lowest non-dcteot

Tcst ofpropoltio$s
Student's t
l,owest non-detect

Test ofproportions

Lowest non-dctcct

Student's t
fest of proPortions

Test of proportions

Cohen
'Icst ofproportions
Cohcn

Studont's t

Cohcn

Lowcst non-delect

Cohen

Cohcn

Cohen

Studcnt's t

Tcst ofproportions
Cohen

Cohcn

Student's t
Lowest norr-dctect

Studcnt's t
Tesl ofpropottions
Cohcn
'fest ofproportions
Cohcn

Cohcn

Studcnt's t
Student's t

Studcnt's t

Cohen

Studcnt's t

Method Dctcction l,init
Melrod Detcction l,irnit
Mcthod Dctcction Limit
Mcthod Dctection Litnit
Mcrhod Detcction Lhnit

l0r 1.9

J.JO

0.002

1.7

0.003

3.45

0.002

0.014

0.00t 5

0.s 7

0.002 5

0.49 | I

0,00! 5

0.006 5

289

359

3.36

].36

3t0

320

0.003

0.023

346

L000
34t

4.1

5.0

0. l,
0.21

7,86

1.19

44.2

5.t
JdJ

0.005

0.005

0.005

0.005

0.005

2.82

3.l4

3. r4

3. l4
3.t I

3.1 r

2.72

3

2.72

2.74 0.97 6
I

0.14 0.02 6

0.17 0.03 6

7.526 0.362 I I

't.s3 0.362 | I

39.6 5.6 ll
3,3 1.8 'i

353 36 ll

All rionccntratione in tngll-

tlockground Talllcs l'agc l0 of | 0
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980

12.9

3776

9.0r
4.4 3

0.04

t.01.0

t400

0.00J

82

980

I
I
I
I
T

T

I
I
t
I
t
I
I
I
I
I
t
I
I

Dlxon Marquette Cement Company

lftonitoring Well 35

Parameter IVIW3-S IttlVJ-S

07-May-98 l7-Jun-98 24-Jul-98 26-Oct-98

0.1

t600

100

r30

t.0
10.4

t200

3',r00

0.049

0.073

r 600

98

r 400

640

t20

r60

t.0
r0.5

t400

3900

0.0304

0.036

0.1

0.03 |

t900

120

I 500

650

200

.t40

1.0

t0.4

980

4200

MlvS-s

I t00

l6Feb-99 26Jul-99
0.29

. 0.00t
0.131

0.054

4.001

0.05

0.00/,

4.44

0.003

0.00t

0.01I

0.00t

0.434

4,tt?

0. t0t
0.0002
0.0t4

200 2314

0.006

t20 t4s
0.001

0.0t5
0.008

| 590

il;;Ji"s"!t];ri$
0.,0

l7a t8t
20

3.97

0.t0
10.4 t0.9

Alumlnum
Antimony
Arsenlc
llarium
Berylllum
Boron

Cadmlum

Calclunr

Chromlnm
Cobalt
Copper

Leed

Iron
Magneslum
Manganese

Mcrc||ry
Nlckel
Potasslum

Selcnlrrm

Sodlum
Thalllum
Vonadlum

Zlnc

Alkallnlty, total
Alkallnlty, phenol.

Alkallnlty, blcarb
Ammonia nltrogen
Chlorlde
coD
Fluorlde
Nltratc ns N

pIl Uppcr Llmll (slnd unltr)
pll l-.orvcr Llmlt (stnd unlte)
Sulfnte
TOC
Ttl Dls Solldr

Benuene

l, I -rl lch lorocthnnc

I,l -d lch loroethenc
'I'oluenc

l, l,l -trlchlorocthanc

0.0t76
0.064

0.00i

W::4!;!,!8ffi
0.04

0.00s

1,46

0.05 r

240

t37

t.0
t0.2

690

2960

0.a0 t
0.0029 0.003

0.00t
0.00t
0.015 0.0126

0.0005 0.0005

0.004

0.()02

0.00 t 0.00 t
0,0122 0.0t t4

0.()05

0.005

0.005

0,005

0.005

All values in rng/Lunless notcd olherwise
XXX Non dctccte<l Conccntrnlion

XXX Conccntration > Averagc + | Slondarrl Dcvintion
'i: ',:!t,,XXX'::'.i,Conccntration > Avcragc + 2 Stondard Dcvlation

Downgradicnt Tnl,lcs Pagelofll



Dixon Marquette Cemen{ Company

Monilorirrg Well 35

Parameter fi{WJ-S

09-Sep-99

0.39

0,00t
0.079

0.046

0.001

0.t5
0,a01

3.71

0.001

0.002

0.013

0.002

0.399

2.8

0.t73
0.0002

0.01 3

20t0
0.009

139

4.001

0.00t
0.0t2

1600

250
=t*ii].if,.q]&

163

35

4

0. l0
lr.2

I 054

22.7

3462

MW3.$

0l-Nov-99
0.837

0.00t

0.091

0.051

0.00t
0.062

0.001

5.34

0.003

0.003

0.0t4
0.002

0.86r

3.43

0.328

0.0002

0.0r 5

2170

0.007

134

0.00t

0.0t I

0.0 r4

t472

800

0.t0
t5l
20

4.44

0.16

t0.5

| 009

l'l
4J50

MW3.S

02-Mar-00
0.406

0.00t

0.065

0.04?.

0.00r
0.r84
0.001

2.4

0.001

0.001

0.009

0.001

0,18

l.t
0.106

0.0002

0.008

2tz0
0.004

t30
0.00t

0.003

0.0t2

t
I
I
I
;

T

T

t
t
t
T

I
I
t
t
I
t
I
I

Aluminum
Antimony
Arsenic
Barium
Berylllum
Boron
Cadmiurn

Calcium
Chromium
Cobalt

Copper
Lead

Iron
Magnesium
Manganese

Mercury
Nickel
Potasslum

Selenlum

Sodiunr
Thalllum
Vanadium

Zlnc

Alkallnity, total
Alkallnity, phenol.

Alkallnltn blcarb
Arnnronla nltrogen
Chlorlde
coD
Fluorlde
Nltrate as N

pll Uppcr Llnrlt (stnd unlts)
pll Lowcr Llmlt (stnd unlts)
Sulfate
TOC
Ttl Dis Solids

Bcnzenc

I, I-dlchloroethnnc
!, I -dlchloroeth cnc
'Ioluenc

I,l,l-trlchloroclhue

MW3-S

23-Jun-00
0.071

0.00 t
0.06

0.034

0.00t
0.05

0.00I

3,53

0.003

0.00t

0.006 .

0.00 t
0.152
2.91

0.001

0.0002

0.008

| 980

0.004

t30
0,00t
0.01

0.00t

1540 t507

662 U55
293 328
0,t0 0.t0
160 231

i6.4 WAli:t*tttffi
3.47 J. I r

0.10 a.to
10.8 r0.8

93t il53
27 .2 17.9

3980 3t50

Iltw3-s 99.5hcl*

29.Sep-C0 29-Nov-00
0.233 0.028

0.001 0.001-

0.097 0.175

o o42 r*ffi0$p
0.001 0.00t

0.052 0.204

0.00t 0.001

6.1 1.3

0.003 0.018

0.00 t 0.00 t
ffii$ffiffi o.ozz

0.00t 0.00r

0.29i 0.409

3.5 0.6

0.056 0.041

o ooo2 i'l .Qloqrs lll
o.o13 li*grirplq,jl.;dl
218 2t20

o.oo5 L ig[s#138 t29
0.002 0.00t
0.016 0.029

0.0t 4 0.0r 5

| 630

7t0
807

0.6r

202
68.6

3,02

0.l0
t0,4

| 170

9.26

4400

0.005

0,005

0.005

0.005

0.005

t660

774

746

0. r0
203

55.9

3.2

0. t0
t0.7

t242
14.3

4390

4.005 0.00s 0.005 0,005

0.005 0.0()5 0.005 0.005

0.005 0.005 0.c05 0.005

0.005 0.005 0.005 0.005

0,0068 0.0064 0.005 0.005

All vaf ucs in nglL unlcss notcd otlrcrwiso

XXX Non dclcclcd Conccntralion

XXX Corrccntration > Avcragc * | Stondarrl Dcviation

ft!i,;6[Ai,', r,icotrccn tral ion > A vcrogc + 2 Stan tl ord Dcvi ati on

0,005

0,005

0.00.1

0.005

0,005

Downgradicnl 
-l'ublcs l'agc2ofll
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DIxon Marquette Cement Company

Monitoring Well 35

paramerer Average stndDev Tilt#t :,il-fft sssalcr* ,.tljir.
Alumlnum
Antimony
Arsenlc
Barium
Berylllum
Boron

Cadmlum

Calclum

Chromlum
Cobalt

Copper

Lead
Iron
Magneslum

Mangonese

Mercury
Nlckel

Potasrlum
Selenrum

Sorllrrm

Tholllum
Vanarllum
Zlnc

Alknlinlty, total
Alkallnlty, phenol.

Alkallnlty, blcarb
Ammonla nltrogen
Chlorldc
coD
Fluorlde
Nltrate as N

pll Upper Llmlt (stnd unlls)
pll l,owcr Llmll (stnd unlts)
Sulfnte
TOC
Tll Dls Solldr

Bcnzene

l,l -dlchloroethane

l,l -dlchloroclhc,re
'l'olrrene

l,l, l-trlchloroelhone

30-Mar-01 30-Mar-01
0.322 0.269

0.001 0.000

0.083 0.049

0.051 0.016

0.001 0.000

0.107 0.069

0.002 0.003

_ 4.3 2.1

0.0t2 0.0t6
0.00t 0.001

0.0r 7 0-013

0.002 0.001

0.576 0.440

2.6 t.3
0.096 0.090

0.0004 0.000s

0.016 0.0t0
1636 7t8
0.007 0.004

122.t 19.2

0.00t 0.000

0.0t2 0.009

" 0.0t I 0.005

t488 t95
't65.2 t97.3

523 4t9
0.39 0.s7

169.0 30.4

68.3 78.7

3.60 0.54

0.43 0.4s

t0.6 0.3

l0't6 180

t7.32 6.06

3843 495

NA NA
0.0045 0,001

NN NA
NA NA

0.008 | 0.0038

30-Mar-01 30-Mar-01
0.s9t 0.861

0.00t 0.001

0.t32 0.t80
0.067 0.083

0.001 0.001

0.t77 0.246
0.006 0.c09

6.4 8.6

0.029 0.04s

0.002 c.003

0.030 0.044

0.003 0.005
1,0t6 t.456
3.9 5.2

0.186 0.27ir
0.0009 0.0014

0.026 0,036

2354 3072
0.010 0.0t4
|41.3 t60.5
0.002 0.002

0.021 0.03 l
0.0t6 0.021

1683 t878
962.5 I t59.8

942 l36t
0.95 t.52
t99.4 229.7

t46.9 225.6

4.14 4.68
0.88 1.33

t0.9 lt.z

1256 t436
23.39 29.4s

4337 4832

NA NA
0.005 0.006

NA NA
NA NA

0.0t2 0.016

30-Mar-01 30-Mar-0I
0.408 0.730

0.000 0.001

0.058 0.14t
0.017 0.068

0.000 0.00 t

0.105 0.2t2
0.004 0.006

2,3 6.6
0.020 0.032
0,001 0.003

0.020 0.037

0.002 0.004

0.441 I .0t 7

2.0 4.6
0.090 0. | 86

0.0007 0.00t I
0.0t 6 0.03 t
6'13 2309

0.005 0,012

l8.4 | 40,5

0.00t 0.002

0.014 0,026
0.007 0.0t 8

2n t699
355,6 I t 20.8

454 977

0.86 t.25
28.5 t97.5
I t 9.I t87 .4

0.82 4.42
0.45 0.88
0.3 ;0.9

| 0.3

t69 1245

9. | 8 26.51

496 4338

NA NA
0.0001 0.0054

NA NA
NA NA

0.0039 0,0t2

Af f valucs in mglL unlcss notcd othcrwisc

NA All sampling cvcnts bclow dctcction limit
r 95o/o cl cornputcd for all pararnctcr cxccpt pl'I. A two sidad ggyo cl wns conrputcd,
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Dixon Mar<guette Cement Company

Monitoring Well 55 !
:

I
T

I
T

t
t
I
E

T

T

T

I
t
I
I
I
T

Parameter

Aluminum

Antimony
Arsenlc

Barium

Beryllium
Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Lead

Ircn
Magaeslum

Manganese

Mercury
Nickel

Potasslum

Selenium

Sodlum

l'hslllum
Vnnadium

Zlnc

Alkallnity, total
Alknllnity, phenol.
Alknllnlty. blcarb
Ammonla nltrogen
Chlorlde
coD
l'luorlde
Nilrate as N

pll Upper Llmlt (slnd unlts)
pll Lorrer l,lmit (stnd unlts)

Sulfo(c
'toc
'ttl Dls Sollds

llerl : i)e

I,l-dlchlorocthnnc
!,l-dlch loroethcne
'l'oluene

|, l,l -t rlchlorocthanc

irtlV5:S

02-ll{ar{0
0.286

0.001

ffi%ffi
0,001

0.700

0.002

278

0.006

Etro:o'tie-:ii':

ffi$;pffi
0.001

r:If,g;#ffi
Ht*iirln

0.0002

W{;#;:;;
0.006

34

0.00 t

ffiffi

All volucs in mg/|, unless notcrl olhcrwisc

XXX Non dctected Conccntration

XXX Conccntrution > Averagc'r. I Stundard Dcviotion

b !;,',*\tr1:,: ;i] Con ccn tration > A veragc + 2 Srandanl Dcvi ar ion

MW5,S lflws-S Mw$s

26-Jul-99 09-Sep-99

0.t7 0.t7
0.001 a.00r
0.001 0.00t
0. r99 0.069

0.00 t 0.a0t

0.52 0.55

0.00t 0.00r

274 297

.0.004 0.00t

0.001 0.00r

0.004 0.006

0,00t 0.001

0.9t3 0.8t6
89 34.6

0.081 0.064

0.0002 0.00a2

0.005 0.004

23.5 6t.9

0.003 0.00t

22.8 78.5

0.00 t 0.001

0.007 0.001

0.0t I 0,02

324

314

0.l0
2t.6
20

0. l3
l.3l
7.6

220

21.6

6fi8

0.005

0.005

0.005

0.005

0.005

360 540

0.t0 0.t0
lll 95.5

26 20

0.06 0.09

W*,!,,?"1#& 2'oo
7.8 7.6

l1-Jrrn-00 29-5cp-00 29-Nov-00

0.04t 0.t5t 0.t95
0.001 0.00t 0.001

4.00t 0.001 0.001

0.078 0. t3 t 0.087

0.001 0.00t 0.001

0.05 0.572 0.328

0.001 0.001 0.0(11

2M t77 t75

0.002 0.004 0.002

0.001 0.00t 0.001

0.00t 0.003 0.004

0.00t 0.00t 0.001

0.35 r 0.604 0,646
28.9 58.7 62,1

0.00t 0.0M 0.u7
0.0002 0.0002 0.0002

0.001 0.002 0.002

23.9 74.s t7.7
0.00 t 0.00t 0.001

47.2 t8.6 9

0.001 0.00t 0.00t
0.005 0.007 0.003

0.00t 0.009 0.0t6

432 490 502
1.0 t.0 t.0
427 375 479
oto ffiiiri;iP,ffi ota
36.9 25.2 23.9s7.e 2s.7 Fiii?g:r'ffi
0. t 3 0. t3 0.t2
0,t0 0.r0 0.t0
7,t 7.3 7.7

372

0l-Nov-99

0.t6t
0.00r

0.002

0.095

0.00 t
0.527

0.00 t
279

0.003

0.00t

0.007

0.00t

0.7t 8

l0t
0.047

0.0002

0.003

59.5

0,004

55.3

0.40 t
0.005

0.0t2

586

571

29

| 090

578

17.9

t0t6

386

I,O

377

0. t0
t25
20

0.06

0. t0
6.9

6s0

0.50
'tzr3

0.005

0.005

0.005

0.005

0.005

2'18

9.86

654

t96 203

t.4t |,46
633 64(t

0,005 ().005

0.005 0.0()5

0.005 0.il5
0.005 0.005

0.00s 0.005

0.005 0.()05 0.005
0,005 0.00J 0.005
0.005 0,005 0,005

0.005 0.005 0.005
0.005 0.005 0,005

Downgradient 'Iables Pogc4ofll



NA
NA
NA

NA
NA

NA
NA
NA
NA
NA

NA
NN

NA
NA
NA

I
t
I
I
I
t
T

!
T

t
I
t
I
T

I
T

I
I
t

Dixon Marquette Cement Company

Monitoring \Yell 55

Parameter

Alumlnum

Antimony

Arsenic

Barium
Berylllum

Boron

Cadmlum

Calcium

Chromlum

Cobalt

Copper

Lead

Iron

Magncslum

Mangnnese

Mercury
Nickel

Potasslum

Selenlum

Sodlum

Thalllum
Vanadlum

Zlnc

Alkallnlty, total
Alkallnlty, phcnol.

Alkallnlty, blcarb
Ammonla nltrogen

Chlorlde
coD
Irluorlde

NJtrnte ns N

plI tlppcr l,lmla (stnd unlls)
pll Lowcr Lfinlt (stnd unlts)

Srrlfntc

TOC
Trl Dls solfds

Ilcnzene
l, l.dlchlorocthnnc
l, i-dlchloroethcne
Tolrrcne

l, l rl -trlchloroethone

Average

30-Il{ar-01

0.t68
0.001

0.002

0.t38

0.00r

0.464

0.001

240

0.003

0.002

0.006

0.00r

0.898

82.3

o.229

0.0002

0.005

86.0

0.002

37.9

0.00t

0.007

0.0t7

442

t.0
4t0
0.t I

62.7

53.2

0.r0
1.42

7.4

385

r t.68

846

NA
NA

NA
NA

NA

Stnd Dev

30-Mar-01

0.072

0.000

0.001

0.087

0.000

0.213

0.000

52

0.002

0.002

0.005

0.000

0.6t 8

58.9

0.452

0.0000

0.007

114.7

0.002

24.1

0.000

0.007

0.0t 5

90

0

77

0.03

45.7

6'1.4

0.03

2.26

0.3

204

il.37
251

NA
NA
NA
NA

NA

Average + I
Stnd Dev

3O-IHar-01

0.240

0.001

0.003

0.225

0.00t

0.677

0.002

292

0.00s

0.004

0.0t1

0.00t

t.5t6
t41.2

0.68 |

0.0002

0.0t2
200.7

0.004

62.0

. 0.00t

0.0t5

0.03 |

532

t.0
488

0.t5
t08.5

t20.6

o.t4

3.68

7.8

589

23,04

t096

Average + 2
Stnd Dev

3O-l\f ar-01

0.3 r2

0.00t

0.005

0.3t I

0.00t

0.889

0.002

344

0.006

0.005

0.0t6

0,00t
' 2.134

200. I

t.132

0.0002

0.0t9

3 t5.3

0.006

86. r

0.00t

0.022

0.046

622
t,0

565

0. t8
154.2

t88.0

0.17

5.93

. 8,1

793

34.41

t347

NA
NA
NA

NA

NA

99.5c/o CI*

30-Mar-01

0.t09
0.000

0,002

0.13 r

0.000

0.322

0.00r

79

0.003

0.003

0.008

0.000

0.936

89.2

0.684

0.0000

0.0t I

173.6

0.003

36.5

0.000

0.0t l
0.022

t36
0

ll7
0.05

69.3

t 02.1

0.05

3.42

0,4

309

17.2

380

ive +
99.570 CI*

30'lr{sr-01
0.277

0.00r

0.004

0.269

0.00t

0.786

0.002

3r8
0.006

0.005

0,0r4

0.001

t.834

t7t.5
0.9t3

0.0002

0.0t6
259.6

0.005

74.4

0.001

0.0t 8

0.039

s?8
I

528

0.16

t32.0

155.3

0. t5

4.84

7,9

7.0

694

28.89

t225

Slogre of
Trend

26-Jnn-01

-0.00005

-0.0000008

-0.00008

-0.0004

-58-08

-0.25505

-0,0000002

-0.0000003

.0.000006

-0,0007

-0.053 t

-0.00005

-0.000007

-0.0304

-0.000004

-0.0749

-0.0000002

-0.0000t

0.205

0.t2t7
0,00008

-0.t t06

0.23

0,001

-0.0075

"0.0005

.0.5407

-0,0496

-0.(t,l'l8

Afl vof ucs in nglL unlcss notc{l olhcr,visc

NA All sarnpling cvcnts lrelow dcrcctlon lirnit
t 95o/o cl cornputcd for all pararnctcr cxccpr pl.l. A two sidcd ggyo cl wan comnutcrl.

l)owngrndicnt'l'nblcs Pagc5ofll



Dixon Marquette Cement Company

Monitoring \ilell 65

Parameter MW6-S MW6-S II{W6-S MW6-S [tW6-S

I
I
E

3

I
I

Alumlnum
Antimony
Arsenlc
Barium
Berylli,,nt
Boron

Csdnrium

Calclum
Chromlum
Cobalt
Copper

Lead

lron
lVlagneslunr

Monganese

Iltercury
Nlckel
Potasslum

Selenlum

Sodlunr

Thalllum
Vanadlum

Zhtc

Alkallnlty, total
Alkallnlty, phenol.

Alkallnlty, blcarb
Ammonla nltrogen
Chlorlde
coD
Fluorlde
Nltratc as N

pll Upper Llmlt (stnd unlts)
pll l,orvcr Llmlt (stnd unlts)

Sulfotc
't'oc
'Itl Dls Solkls

Bcnzene

l,l-dlclrloroelhane
I , l -dlchloroelhene
'l'oluenc

l, I,l.trlchl0rocthrne

ZGJUI-99 09-Sep-99 0l-Nov.99

3.01 0.08 0.t t6
0.001 4.00 t 0.00 t
0.004 0.001 0.001

0350 0.33 t 0.27 |

0.001 0.001 0.00 r
0.5 l0 0.630 0.688

0.001 0.401 0.00t
345 24.6 232
0.007 0.001 0.002

0.02 0.008 0.009

0.024 0.006 0.004

0.015 0,00t 0.001

5,34 0,693 t.06
78 3r,4 51.9

3.u 0.694 2.44

0.0002 0.0c02 0.0002

0.033 0.017 0.0t 7

64.6 70.2 68.6

0.003 0.00t 0.002

35. r 55 27.3

0.00t 0.00t 0.001

0.023 0.001 0,.103

0.041 0.0t0 0.0t I

02-Mar-00 !3-!utt-{Xl

0.t66 0.04

0.00 t 0.001

0.003 0.001

0.276 0.143

0.001 0.{)a I
0.43 t 0.05

0.001 a.aql
39E t49
0.005 0.002

0.030 0.00 t
0.022 rr.00l

0.(t0l 0.001

5.55 0.284

99,2 20.3

2.t3 0.094

0.0002 0.0002

0.038 0.003

59.8 3? .2

0.005 0.Ct11

33,4 53.6

0.001 0.00t

0.002 0.005

0.003 4.001

388

t.0
379

a.t0
133

20

0.t9
0.t0
1.8

29-Sep-00 l9-Nor'{Xl

0.t27 1.74

0.(]0 t 0.001

0.001 0.003

0.251 0.l8t
0.001 0.001

0.292 0.364

0.00t 0.001

233 256
0.003 0.003

0.007 0.01r

0.0t2 0.02

0.00 r 0.008

0.77 4.96

47.7 57.6

r.6 t |.79
0.0a02 0.0002

0.009 0,023

49.5 39.7

0.003 0,004

64,9 55.6

0.00t 0.001

0.0()6 0.0t3
0.0 r 3 0.023

384

).c
350

0. t0
246
t23

0,27

0.r0
7,1

r86
2.01

842

0.005

0.405

0.005

0.005

0.005

420

t.0
387

0, t0
186

94.1

0.3

0.t0
7,8

0.005

0.005

0.005

0.005

0.005

360

0.t0
t87
20

0.29

0. t0
7.4

354

325

0.t0
t42
20

o.t7
0.t0
7.9

332
t3.2
865

0.005

0.00s

0.()05

0.c 5
().005

390

350
(J.10

t05

20

0.22
().1 0
't.8

314

5,59

820

4r7
0.00 t
410

0. t0
7 t.l
t00
0,41
(t.10
nl

t0(
13.2

566

0.005

0.00s

0,005

0.005

0.005

T

T

I
T

T

I
T

t
I
I
I
I
I

214

2t.l
167

0.a05

0.c05

0.005

0.005

0.005

0.005

0.()05

0.005

0.005

0.005

254

2.53

830

242

i3,7
789

0.005

0,005

0.005

0.005

0.005

Af l valucs innrg/L unlcss notcd otherwise

XXX Non dctcctcd Conccntration

XXX Conccntrslion > Avcragc t I Standnrd Dcviation

$!li;44{,ffi concen lration > Avcragc + 2 Stan dnrd Devi o t ion

l)orvn1;rad icnt'Ittblcs Pogc6 of ll



i

389

24.24

| 008

NA

NA
NA
NA
NA

t
I
I
I
I
I
t
T

I
I
I
I
T

I
I
t
T

I
t

Dkon l\{arquette Cement Company

Monitoring Wcll 65

Parameter

Aluminum
Arrtimony
Arsenlc
Bsrlum
Berylllum
Boron

Cadmlum
Calclum

Chromium
Cobait
Copper

|.ead
Iron
Magneslum

llf anganese

I\lercury
Nlckel
Potssslum

Selenlum
Sodlum

Thallium
Vansdium
Zlnc

Alkallnliy, total
Alkallnlty, phenol.

Alkallnlty, blcarb

Ammonlr nllrogcn
Chlorlde
cot)
Fluorldc
Nllratc as N

pll Upper Llmlt (stnd unlls)
pll Lorvor Llmlt (rtnd unlts)

Sulfale
'roc
'l'tl Dls Solldr

llenzene
l rl -rllchlorocthone

l, i -dlchloroetheno
'f olucne

l,l,t-lrlchloroctltnnc

Average

30-lHar-01
0.75

0.001

0.002

0.258

0.001

4.424

0.001

233.9

0.003

0.0t2
0.013

0.004

2.66s

55.1 6

1.695

0,0002

0.020

55

0.003

46.4

0.001

0.008

0.015

389

0.8

366

0.t0
1s2.9

56.7

0.26

0.t0
7 ,(t

23s
t0,2
797

Stnd Dev

30-Mar-01
t.t7

0.0c0

0.00t
0.075

0.000

4.216

0.000

123.0

0.002

0.0r0

0.009

0.006

2.465

26.81

1.027

0.0000

0.0t2
t5

0.001

14.2

0.c00

0.008

0.0 t4

24

0.5

28

0.00

58.3

46.6

0.08

0.00

0.4

,17

7.0

t05

Averagc * I
Stnd Dev

30-Mnr-01
1.921

0.001

0.003

0332
0.001

0.640

0.00t

357

0.005

0.022

0,022

0.010

5.131

82.0

2.722

0.0002

0.032
69.9

0.004

60.6

0.001

0,01 5

0.u28

413

1.2

394

0.10

2ll
r03

0.35

0. t0
7.9

312

17,22

902

Average + 2

Stnd Dev

30-itfar-01
3.088

0.001

0.005

0.407

. 0.00r
0.856

0.00t
480

0.007

0.032

0.031

0.0t 5

7.596

t08.8

3.?49

0.0002

0.045

84,9

0.006

74.9

0.00t
0.023

0.042

436

t.7

, 422

0.10

270
t50
0,43

0. l0
8,3

99,50/9 Cl*

J0-Mar-O1
t.768
0.000

0.002

0.1l3
0.000

0.327

0.000

186

0.003

0.015

0.014

0.008

3.'134

40.6

t.555

0.0000

0.019

22.8

0.002

21.5

0.000

0.0t2
0.021

36

1.7

43

0.00

88

7l
0. r2

0.00

0.5

l17
10.64

t60

Ave +
99.504 CI*

30-Mar-01
2s22
0.001

0.004

0.3'tl
0.00 r

0.75 t

0.00t

420

0.006

0.027

0:027

0.0t2
6.399

95.8

3.25 t

0.0002

0.039

77.6

0.005

68.0

0.001

0.0t9
0.035

425

2.4

409

0.t0
241

t27

0.39

0. t0
Lt
7.0

352
20.83

95?

Slope of
Trend

26-Jan-01
.0.001|

-0.0000009

4.0003

-0.0008

0.038s
-0.000002

-0.0000t

0.00000r

-6.008-06
-0.0004

-0.0237

-0.0018

.0.00002

-0.0643

0.000002

0.0046f_e

-0.000004

0.0.194

0.0792

0,0876

0.24 t
0,0002

-0.0006

-0. I 863
.0.026

-0. | 683

NN NA NA

NA NA NA

NA NA l.lA

NA NA NA

NA NA NA

NA NA
NA NA
NA NA
NA NA

}.IA NA

Af l vnf ues in ntgll, unlcss noted othcrwisa

I\,lA ,\ll saurpling evcnts belorv dclcction limit
a 95o/o Cl computcd for all parantctcr cxccpt pl l, 

^. 
two sidctl 99Vo CI wos cotnputcd,

l)owngratJ icnt 1'ablcs PagcT of ll



Dixon Marquette Cernent Company

i{onltoring lVell 7S

Psremeter MW7-S

!
T

I
T

I
t
I
I
T

t
I
T

t
T

t
t
t
I
I

265 475

0.10 0.t0
90.2 97.7

20 20

t.95 2.43

0.t0 0.t0
t0.2 9,8

M1V7.S trlWT-S I|WT-S M1Y7-S

Aluminum
Antinrony
Arsenic
Barlum
Reryllium
Boron
Cadmium

Cllcium
Chromlum
Cobalt
Copper

Lead

lror
Magnoslum
Manganesc

MercurX
Nlckcl
I'otsssium
Selenlum

Sodiunr

Tholllum
Vanadlum
Zlnc

Alkallnity, total
Alknllnity, phenol.

Alkallnlty, blcarb
Ammonln nltrogen
Chlorlde
c0D
Fluorlde
Nitrote as N

pll Uppcr Llrnlt (stnd unlts)
pll l,orvcr lJnlt ($tnd unlts)

Sulfnte
't'oc
Tll l)ls Sollds

llelzcne
lrl.dlch loroelhane

l, I -dlchloroclhcne
'l'olucnc

l, l, l -lrlchloroetltrne

26-Jul-99 09-Sep-99

0.88 0.30

0-041 4.00 r
0.028 0.02t
0.045 o.ut
0.00 ! 0.001

0.25 0.19

0.00 t a.00 t
23.9 14.7

0.004 0.002

0.00t 0.001

0.005 0.c07

0.003 0.002

1.98 0.789

10.8 5.8

0.154 0.t33

0.0002 0.0002

0.0r 2 0.0 14

656 7t7
0.00t 0.002

37.6 42.9

0.00t 0.001

0.0 t6 0.012

0.027 0.0 t5

29-Sep-00

0.292

0.001

0.0r3
0.044

0.001

0.204

0.001

29

0.001

0.001

0.006

0.001

0.663

10.6

0.1 03

0.0002

0.01l
626

0.003

44.2

0.00 t
0.0t3
0.023

384 486

92 160

254 297

i".;'qitlijd o.to
105 110

34.3 20

t.3 t,84
0.t0 0.t0
9.4 t0.2

396

285

0. t0
'10,1

20

t.64

0. t0
t0

401

t7.2

1047

466

475

tQ.7

t294

494

t5.2
t423

MW7.S

01-Nov-99

0.443

0.00 t
0.044

0.046

0.04 t
0.216

0.001

i t.9
0.002

4.001

0.008

0.002

0.629

4.55

0.085

0.0002

0.0 t4
793

0.002

49,9

0.001

0.022
0.0t6

s34

02-IHar-00
a.662

0.003

0.017

0.055

0.001

ffiffiil';,
0.00t
4t.4

0.00s

0.001

0.006

0.00 t
1.32

r 3.6

0.157

0.a002

0.007

503

0.00s

17.4

0.001

0.0t5
0.027

348
4l
154

0. t0
s6.3

20

0.8

0. t0
9.4

345

14.4

901

0,00s

0.0t3
0.005

0,005

0.005

23-Jun-00
0.04

0.001

0.007

0.033

0.0i)l
0.05

0.00 t
40.8

0.002

0.a01

0.00/,

0.001

0.r09
l5.l

0.002

0.0002

0.002

406

0.00 |
25.8

0.00 t
0.007

0.00t

341

t,0
333

0. t0
48.8

l0.s
0.65

0. t0
8.9

29-Nov-00
0,09

0.04t
0.026

0.025

0,001

0.t95
0.(,01

&2
0.002

0.0c I
0.004

0.00 t
0.142

4.6

0.024
0.0002

0.009

727

0.002

48.8

0.001

CI006

0.00t

336 448 474

18 7 il.3
802 il56 t308

().005 0.005 0.005

0.005 0.005 0,0389

0.005 0,006t 0.00s
().005 0.005 0.005

0.006 0,(t05 0.005

All vaf ucs in mgll. unlcss notcd othcnvisc

XXX Non tlctcctcd Concenlration

XXX Conccnlration > Avcragc {. I Sttndard Dcviation

i,,-i;_r\#$;i',$ C"nccntration > Avcragc + 2 $tandanl Dcviolion

0.005

0.0252
0.005

0.005

0.0057

(),005 ().005

0.0639 0.0s8r
0,0061 {,,0082

0.005 0.005

0.005 0.005

Dorvngrutlicnt'lublcs ItrgcSofll
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Dlxon llfarquette Cement Company

i\lonltoring Well 7S

parameter A'erage stndDev ";,.fifit t'r.fi-fit 
'ss.syocr* 

*.lilir. .+"j"]!t

Alumlnum
Antlmony
Arsenlc
Rarlum
Berylllum
Boron

Cadmlum

Calclum
Chromlum
Cobalt

Copper
Iead
lron
I\fagneslum
l\fanganesc
Mcrcury
Nlckel
Itotacslum

Selenlum

Sodlum

Thrlllunt
Vanadlunr

Zlnc

Alkallnlty, total
Alkallntly, phcnol.

Alkallnlty, blearb

Ammonla nllrogcn
Chlorlrle
col)
Fluorlds
Nllrate nc N

pll t,lppcr l,lrnlt (rtn(l rrnlts)

pll l,olcr l,lmll (slnd unlls)
Sulfate

TOC
'fll I)h Solldr

lSenzenc

l,l.dlchlor oclhrnc
l,t -dlchlo roethenc
'l'ohrcnc

l, l, l.trt chloroctlrane

30-I$ar-01 30-[lar-01
0.387 0.302

0.00t 0.00t
0.023 0.0t2
4.04? 0.0t0
0.00t 0.000

0.436 0.670
0.00t 0.000

25 t3
0.003 0.001

0.00t - 0.000

0.005 0.002

0.002 0.00t

0.805 0.661

9.3 4.3

0.094 0.061

0.0002 0,0000

0.0 i0 0.004

632.6 t35.7

0.002 0.001

40.9 8.3

0.00t 0.000

c 0t3 0.005

0.016 0.0il

422 t4 73.86

?' .s 69

294.71 96.96

0.2 0.3

82.59 24.25

20.69 6.97

|,52 0.64
0.t0 0.00

9.7 0.5

425 65

13.4 1.9

I t3l 228

NA NA
0.021)9 0.0244

0.0058 0.00t2
NA NA

0.0052 0.0004

30-lt{ar-i}l 30-hfar-01
0.689 0.99t
0.002 0.003

0.035 0.047

0.052 0.062

0.00t 0.001

1.107 t.777
0.001 0.001

38 5l
0.004 0.005

0.00t 0.00t
0.008 0.0t0
0.002 0.003

t.46f, 2.126
t3.6 t8.0

0. r 55 0.2t7
0.0002 0.0002

0.0t4 0,0t8
768,3 904.(l

0.004 0.005

49.2 57.5

0.00 t 0.00 t

0.0t8 0.024
0.027 0.038

496.00 56q.87

142.1 2 t0.8
39t.68 488.64

0.5 0.9
t06.84 t3 | .09

2'1.66 34.(t2

2.t6 2.79
0.t0 0.t0
t0.2 l0.7

30-i\lar'01 30-[far-0I
0.457 0,844

0.00t 0.002

0.0t8 o.Ml
0.0 i 5 0.0s7

0.000 0.001

1.0t5 1.452

0.000 0.001

20 45
0.002 0.00.t

0.000 0.001

0.003 0.009

0.00t 0.003

| .00t t.806
6.6 t5.9

0.093 0.t87
0.0000 0.0c02

0.007 0.0 | 6

205.5 838.1

0.002 0,004

tz,s 53.5

0.000 0.{)01

0.008 0.02 |

0.0t 7 0.033

| | t.87 514.01

zlt 305

t46.86 44t.57
0.5 0.7

36,,13 | 19.32

f 0.56 3t.24
0.()7 2.48

0.0 0. t0
0.7 10.4

LO
98 523

5.9 t9.3
345 t478

NA NA
0 037 0.0669
0.002 0,0076
NA. NA
0.00t 0.0059

489

t'r.3
t36l

NA
0.054

0.00'I

NA
0.00(t

554

2t.3

| 589

NA
0.0787

0.00112'NA
0.0061

26Jan-01
-0.00t I

-0.000000t

-0.00003

-0.00003

-0.0002

0.0 t 17
-0.000003

-0.000006

4.000003
.0.0023

0.0023
-0.002

. 0.0000l
-0.t8t9

0.00000t
0.00t8

.0.00002

-0.00003

0,0687

0.4st.
.0,08 t

0.0007
0,0.154

0.008,t
-0.00 | 2

-0.0008

.0.0 t67

.0.0088

-0.13 | 9

0,t027
0,00J8

.0.0007

All valucs in llngll. '.rnlcss notcd othcrwisc
N-A All sarnpling cvcrtg hclor.r dctcctirirr lirnit

t 954/0 cl cornpurcd for oll paranrctcr cxccpt pll, A two eidctl gt)o/o cl rv,rs corrrpurcrl,

l)owngradicnt Tablcs I'ogc9ofll



Diron Marquette Cemcnt Company

Monitoring lVell 85

Parameter

Alumlnum
Antlmony
Arsenlc
Barium
Beryllium
Boron

Cadmlum
Calcium
Chrontlum
Cobalt
Copper

Lead,

lron
Illagnerlum
lllanganese
lflercury
Nlckel
Potarslum
Selerlum
Sotllum
Thrllhun
Vantdlum
Llnc

Alknllnlly, total
Alkallnlty, phcnol,

Alkallnlly, blcarb
Amrnonla nltrogen
Chloddc
coD
l.'luorldc
Nltralc as N

pll Upper l.,lrnlt (stnd urlls)
ltll l.ttwer Llnrlt (ttnrl unllo)
Sulfntc
't'(rc
'l ll Dls Solidr

Ilrnzcnc
|, | .rllcilrrroclhanc

l, l.dlclrltrroclhcne
'l'olucnc

l,l,l -lrlclrloroclhnnc

nrw&s

2(*Jul-99

0.5 |

0.001

0.001

0.0'1t

0.00 i
0.25

0.00t
265

0.004

0.002

0.0t 5

0.003

1.6

il0
1.,.163

0.00u:
0.0t0
265

0.003

8.2

0.00t
0.001

0.o44

271

265

0.l(J

n9
20

0,26

2.7J

7.8

8t8
9.tl

I tJ5

0.005

0.()05

0.005

0.005
().t)t) t

09-Sep99

0.29

0.001

0.001

0.066

0.001

0.25

0.001

226

0.003

o.ao2
o.oi4
0.004

t.t9
94.4

0.233

0.0002

0.0r0
zot

0.003

39.6
q.()0t

0.J01

0.02;

270

265

0. t0
l2l
20

0.t6
2.4'l
6.3

8t8
5.86

n90

0.005

0.005

0.()05

0 t)05

0.00t

0l-Nor.99

0.66r
0.001

0.00r
0.056

4.001

4.225

M1V8-S

02-Irfar-$0

0.435

0.00t
0.005

E "oi.iiz';:!&
xi I|!,::t!iJrrg

0.002

0.253

IrIWS-S

23-Jun-00

0.04

0.001

0.00t
0.044

0.001

0.05

0.001

224

0.007

0.001

0.00 t
0.001

0.4t5
924

0.001

0.c002

0.002

174

0.001

434
0.00 t
0.004

0.001

29$ep-00

G.r09

0.001

0.001

0.055

0.001

0.r99
0.00 t
234

0.035

0.001
(1.007

0.00 t
0.519

93.3

0.024
0.0002

0.003

254
0.002

52.4

0.00s

0.003

0.025

29-Nor'-00

0.233

0.001

0.00t
0.057

0.001

0.232

0.00t
222

0.006

0.00 t
0.007

0.002

0,953

9t.l
0.t67

0.0(t02

0.005

280

0.006

5 t.4
0.00t
0.003

0.02 t

nIIVE-S IrlW6€

T

T

t
I
t
I
I
E

I
t
!
T

T

T

t
T

!
I
I
I

.it

nfwE-s MrvE.s

0.00 r 0.003

223 268

0.006 i '0.0i- i'li
t ., .-,, ' ..ll

0.002 i:,' 01035 j T

0.011 i, P,1lL,.rd
0.003 0.004

t.sl Fi[.irs.r. ' lJ
rya+t:,$_i:.t94.3 | 2s

0.255'{i:|,:i,,rlr!,;,..,; _;;4
0.0002 0.0ti02

0.008 [.1 q,0$r;.tl
265 ztT

o.oo3 f,",gig,l:l...;J
40. ! 43.1

0.001 0.002

0.003 0.00 t
q.n42 

!.;+,1iJ"{_*;#

314

300

0. t0
I t3
20

0.t9
2.68

7.8

284 3t6
lo t.0
27t 3t4
0.,0 0,10

162 ttJ I

30.3 li;+r;.,J5s.,

0. 14 0,26

t.68 2.95

7.t 't.2

274 278
L0 t.0
2(t2 257

0. t0 0. t0
l'tg l9E
20 20

0.22 0.21

3,0r 1.86

7.3 7.9

ll47 8(r5

2,05 7.5

t200 t252

t, (t05 0.005

0 0(rJ 0.005

0,005 0.005

0.00J (),()05

0.()(J5 0.00.1

753 8::,2

9.8 t4.1
il9t il61

686

15, I

I t25

0.045 0.005 0.005

0.005 0.()05 0.005
0,005 0.00t 0.()0s

0.00J 0.005 ().0t)5

0.u0t 0.(,05 ().0t)5

Af f vaf ucs in ntgll. urrlcss notcrl othcrwicc

,\'XX Non dclcclcd (brrccntrution

XXX (:oncclltration > Alr.rirgc'i l Sttndrrnl l)cviation

,,,"..},).,[ r;r Con esr tralion :, Av cr isltc I 2 Sta r ulurtl l)cvi al i on

Pagc l0 of I IDowngrodlcnt 'f'ublcs



NA
NA

NA
NA

NA

NA

NA
NA
NA

NA
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Diron ltlarquette Cement Company

Monitorlrrg lVell 85

Paramcter

Aluminum
Antimony
Arsenlc

Barlum
Berylliurn
Boron

Crdmlum
Calclum
Chromlum
Cobalt
Copper

l'ead
lron
Mrgneslum
Manganese

Ilfercury
Nlckel

Polesslurn

Sclenlum
Sodlum

Thalllum
Vanadlum

7,lnc

Alkallnlly, total
Alkallnlty, phenol.

Alkdlnlty, blcarb
Amntonla nltrogen
Chlorlde
coD
Fluorlde
Nltrule ar N
pll tJpper Llmll (stnd trnlls)
pll l,on'er l,tmlt (stnd unllr)
Srlfate
'roc
,t,; 

1y13 5oildl

Ilcnrcrre

t, l -dlchlororlhane

I, l -dlchloroclhcne
'I'olucne

l rl rl-tdchloroelhanc

Average

30-Irlar-01
0.326

0.00t
0.M2
0.075

0.mt
0.208

0.001

237

0.0t0
0.006

0.024

0.003

t.654
r00.1

0.763

0.w02
0.014

245

0.005

39.7

0 002

0.003

0.075

287

t.0

2't6
0. t0
t53
4l

0.21

2.48
'1.6

803

8.5

I l1q

NA

NA

NA
NA

NA

Stnd Dev

30-Irlar-01
0.223

c 000

0.002

0.044

0.0m
0.0'12

0.001

20

0.0r3
0.0t3
0.040

0.001

1.672

12.7

l.565
0.0100

0.020

37

0.001

t 4.8

i.ml
0.00t

0.t28

20

0

22

0.00

35

52

0.05

0.52

0.4

(t2

5.3

4.t

NA

NA
NA
NA

NA

Avcrage * I
Stnd Dev

3&i\{ar-01
0.549

0.00t

0.003

0.il9
0.002

0.28!

0.00?

258

0.023

0.0t9
0.064

0.004

3.325

il28
2.328

0.0002

0.034

283

0.009

54.6

0.003

0.o04

0.203

307

r.0
?-98

0.r0
188

93

0.25

3.00

8.1

865

| 3.8

t222

Average + 2
Stnd Dev

30-IHar-01

o.773

0.001

0.005

0.t62
0.002

0.353

0.003

2?8

0.037

0.032' 
0.103

0.0c5

4.997

t25.5

3.893

0.0002

0.053

320

r ll3
69.4

0.005

0.005

0.33 |

326

t.0

120

0. t0
223

t44
0.30

3,52
' 8.5

927

19.0

l2(t6

NA

NA
NN

NA

NA

99,50/0 Cl*

30-Iltar-01
0,338

0.000

0.002

0.066

0.0c1

0.1 l0
0.001

3t
0.020

0.0r9
0.060

0.002

2.532
19.3

2.37Q

0.0000

0.030

56

0.007

22.4

0.002

0.002

0.!94

30

0.0

33

0.00

53

78

0.07

0.8

0.7

c)4

8.0

65

AYe +
99.5c2 Cl*

30-Mar{ll
0.664

0.001

0.00,1

0.14!
0.002

0.3r8
0.002

268
0.030

0.025

0.084

0.0M
4.1 86

1t9.3

3.133

0.0002

0.044

302

0.01l
62.2

0.004

0.004

0.268

3r7
t.0

309

0.t0
206

ll9
0_28

3.27

8.3

7.0

897

t6.5
t24'

NA
NA
NA
NA

N/r

Slope of
Trend

26.Jan4l
-0.0008

-0.0000002

-0.00004

-sE-08
-0.0001

-0.000000r

-0.039

0.000402

-0.000001

-0.00002

-0.000005

-0.002t

0.0233

0.0007

-0.00002

-0.0296

0.00000t
0,0s87

0.000004

0.000002

-0.00006

0.005E

-0.0r09

0, r 73t

0.062 |
0,00004

0,004

-0,001

0.0s8s
.0.0099

0.t091

Alf valucs in nglL unk:ls notcrl othcrwisc

NA All sampling wcnts hclow dctcclion lirnit
t 95o/o Cl computal for ull paramctcr cxccpt pl l. A two cidcd 99% Cl won cornputc.<.1,

Downgradicrrt '[nblcr Pogcllofll



I Adiusted GroundwaterStandards

t Dimn Marquctte Cencnt Compony'Dixon, Illinois
Prcpared by Preslon Enginccing, Ina
February 27,2001
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