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Mr. MichaelJ. Daly 
Remedial Project Manager 
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1 Congress Street, Suite 1100 (HBT) ;;' ;:'\ 
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Dear Mr. Daly and Ms. Sait: 

, 
t.; ,-1 
\. -, 

1, c, ., ,i ,,' - ~ 

S.Y,f, 10-pq~ .. ;, ... ,'; 
.Qptptl~r~~2Qq~ 

\' 

Enclosed you will find the Final HiPOx Pilot Study Work Plan, Groundwater 
Extraction and Treatment System, Naval Air Statipn (NAS) Brunswick, Maine. This 
report is provided for your use/reference. 

If you have any questions or comments, pleast\contact the Navy's Remedial 
P..roject Manager,'Todd Bober at (215) 897-4911. 
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Final HiPOx Pilot Study Work Plan, Groundwater Extraction and Treatment System, 

NAS Brunswick, Maine 
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f' •· ... u. (:}'/')< _'f:-:~;'£i~'-~': /':':'~>.>~~' .'~' ',- L <f .. _.p:·,;,,~;,_~_:, u~_:(; .~' >"," :';:;~;;'].t~·L .. ~.; ~~.:f·-
The Department of the Navy - Base Realignment alid Closure Program (BRAC) Management 
Office Northeast {PMO NE), under' Contract No. N4QP&?:~Q9c:r;>r 793:~;)r~s~:Or~y~:Q9~;t~~1s~d 
H&SEnvironmental (H&S) with installation and pilot testingofa HiPOX™ HCU advanced 

0~~~~tjo~~1~~YWH~W8~\~\r~~~:illJ,fr?m:i\~J?¥,~,~.:Pr9F~~~ r~c~~IA~Y"~Pf'1(~,J>T)"QfPl~:llsant 
HI1\t,h~:lJfm;hJ'~' iJ;~r~'J)'pPl\YHU,:Wl8YHt ~lV p,e,J~f'Rrp8n~~~,d.ln~,<?:,!4e,exl~tmg;gfP}·m9,'f,~t~r .', 

"/:~)jt,~m~tlqH.~J?;~t!r~~tW~JJ,t,,sYs'W;~~(g~T§).;~t,N~y~I{Aw~~t~w?n~CNf}~)·Bnm.SWIC~,;·M~wW:i;The 
PllmR~rNi9h~,;I1,Wg~~~,S,~~~1~.~~~·p;J:~YJ~e:rfr~tt?t~~t,pK~~?~7dw~.~m~iNJ:g~Qup,4'¥flt~t!recpx~re4 
B;Wll,!#x .E;~~;t~P\ f)lW1W·.ECCh~s'.prep;ar~qit~~,~Jjlg9~ ff~ot S~4xW Qrk,PJf!:P! lHtd~H\llwmW'act 

t;'i~~1~:;~~~!m~~p'~al';",'}.i'/'j;;',~i::~"'. :;')!Jrn{'~'i";;;":"',);" ;.i<) "F' ";'ii;t~,~!;, ; ;,J;., 
Tlj~G'YE,TS ,isl19H~teid5A!~:'l1!d,'1,}~,5,e .~t N4-§ ,~{UIl~,'X~q;*: (fim~ ~~7;1):, ; bh~ jut9ri9TI layout, pf 
B,u;ildiJlg:5,R~h9wj~~. th,eQWE;t;s,tr:ei=l:tmellt,9£Il'lpql}e~~~.is,.spp~pnF~gllfek4·1 " : :" ; 

; , T -j : ~ \. .; " Y. ~ , , 

. :'.:'" ~ ;~~C.'(~:'. ,,_<, .c"\.t/: .. _U,~·~ ./.~~" -:",,/,"", i i>~ ./_~,-;: .. ::: .,- < '; '." (.'.~ ,",',1,11 -.' :-.:. - j"' t ~ ,.-

1pe; ~aS.t:er~~tl(lJlf·I£,?HS}M$~Wi~iWl,i~~\l1ait~: $r{)~dwa~'1r local~q;atthe ea~t~rn e~ge. o,ftl)t(·NAS 
~~~'Ymk~m·st,~~~~~~o~Pl T~rl.J?H¥9~!palc;Q,v.t9Jwn,C).m~8f99HCt1Xl1W j~e East~~\ P~l.lm~. tp,91w;le, t4e 
'chl~t;lTI~t~~i~ql{';'~l}l:S,tP~9J.0[r9tt4~\w!.~TstA)I'.~l?pn:;N~mr.!~.~n,ieiaJ;14!,~r~cpI9ro~th7,1J:·ecPG~\l;msI,TC;E, 
re\sJl~Bt(~r,~lf~\~9:~~si~R.~1~~y~}1~,;w;~t~rprq41-Jf.~~i,P~4e,r)non7hal~ge?tf\~r,qVql~t,~I~'9\g~mj;! " ': .. '., 
compounds (VOCs) related to petrolellm hydrocarbons are penodlcally reporte~~tl!9.)l\"! ; 
concentrations within the Eastern Plume. 

i. ,i \' ',if 

The J;JWJ31S. ,;was, ~~~sigIl~4JPGontajAalllgm~n:lQ\(~. dissolvedrphas.e VOCs 'ft0n:l grounqwaterffi 
the Eastem.j>lll,IJ\y,{ .1heiptjmll,arrq~b1~/ilf ~yst~tl1lld1i2les:a;n~twQtk Qfextractioti}Vells to proVide 
hy4raJlU~ c<;mtro1 i",:g(trern9~e; 9Qnti\~j;qa.Je:d wat~r andC).ruetWQrkoll ,mortitoringiw~l1s tOjmeasute 
systeM performrulce. The GWETScurrently utilize~ a shallow tray air~stripper for ren:iovalof 

. :v::pc,~ J!Om,~x,tmgt~i4 grmnrdw;at,e1,';wi~:l;iauid-PJa~se,granular. aQtivated c.arhon·:(GAC)ipolishihg 

. prior to disc4~g~ ~O~1).o.gj$tt~i infiltl'anQUg~l1ew. ;f\itisir:ippepel11issionsa:re!tteaied Wlth:Vapor-' 
phase GAC,pti9ntgfr~lea,st)1to,~troQ§pheJt?i', Iiigur~'1;.;3}p~ovides: a .sche:quitic vie"\<y(of ,the G~TS 
process,' including primary 'treatmeJlt J~y ;~heah:~.strlpperatj.d s,econdarytreatmeotby Iiquid~phase 
and vapor':'phase GAC.. . "', ' 

Subs eqiient: to the design:ahd,in,stallation:Qf;tll'e· cUrf6fit GWE'fS, ··l;4~dio*,anei wafdde'titifl@d as 
an emergi~g, cqlital11inant oflconcehl,;:} ;4, .. dio:kane 'isl.a ~olVent stabiHzer 'hfst'dticall.y;added tb" 

TCA"althbugh;1 ;,4"dioxan€~ha:sa:lso:h~enidenti£ied-ihiPCE 'and T<tEas ,af~.kulrof:raSid-6a:ldITry 
, oVer during manufactur~ ;andtranspbrt ilif;chl,brinafidso}vertts) , . ' . '0,' !~. .J \, 

HiPQ"xPiiotStudy Work,p;lan 
Groun<!W\lteJ;' Extr:a~~ion!1,n,d ,Treatmen,t System 
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The current GWETS is not effectiv~ for removal of 1,4-dipxane because the compound is not 
I •.. .. '. . ' •. ,.: ...... k •• , 

readily vaporized during air-stripping :or: a15s'otaM 'by dAc. Historically, the concentration of 
1,4-diox'ane in the GWETS influent has been less than the corresponding State of Maine . 
Maximum Exposure Guideline (MEG) of 32 ~g/L. . How~v7r7.th~,~avy i~ .s~rr~ntly'i~t~e, , 
process of installing additional extraction wells in residual "hot-spot"; areas' oftlie'Eastbm. PHl1J1e 
and will require active 1,4;.dioxane treatment to allow operati9n ofth~se~H!w wells. 

\., .~ 1 '" J . .. , J' '~~'~. ; ',;' , 

L2~lSiimni~i'y of G~ETSbp;~ratioh~ .. 
.. ';.~ ._J_:.~' \ ~r '. '~. '~:<,-. !{)!":'( , ,5 ", ~ . y, f 

ThdGWETS was;installe~by 0lIM Corpdr~ti()n.t~ 1994'andheg~:Jp~t~libn iri'Maflj~~5: ... 

! 
.' 

DUiing"latei 1000iand 'e~~ly ~OOl ,Foster: Whe~Ter 'E~viroriQ1~htal COrPorafi:on replatectJ~e f .. ' . k 

:origirial'Vdttreatment'equipment;(ll1ttaVibiefo~(idationrWi\H;tHe;cu1tet1(~lti~ttipping'ahtlGAC / 
'SYst6m~ ';Th~'G~TS·.·contihue(ttJ.d)sChatge·to·tl1~Brons~ibk·Se'Yetbistitbtiw#h~th~~e~;' 

,.; 'tteatrhehr~ctuipirteiii~' Dtiring 20tH ;'p 6§fer'Whe'~I~r EhVitonilierttaiC~rpotliti6ri'48~lgn~~:~n4 
installed an infiltration gallery for the GWETS •. The infiltration gallery wtis' insfallbd dtiffn.gFall 
200 I, and began operation (receiying treatedeffll!ent from GWE!S) in J ~mlary 20.O~.: ,A,t this 
tihiefdischatg~;of the treated!(:iWBTS,effluetit tollie. Brlihs'w~cks~wer Dr~tricfbe1(sed.' . 'the: ' 
GWETS still'maintains\ai'loptibn to"dfscliltt'ge 'tb'tfte BfunswicI( S:e\v~r Distrief;'h6WeVet; ~hIs 
will only occur on an as~needed basis in consultation with the Brunswick Sewer District. 

I '.' • , •• ,:<.>,;" .. :,~.~.>".:,/.~, .. -,.,., ... ~';/-'/"i:.~J __ >~ •• :' ,;,,_:.,i ~.-; 

The original extraction well network, installed in 1995',iticluded seven wells (EW-Ol througn 
EW-07). Two extraction weJlshave been added to the network E\y:-02-A was ~d?edin19QS, 

. and E:Wi.OS'AWas';added iIf:Tgnuary 200t .... Curr~nfly; 'iiW;iiefWdrkIi~~ fbur.%dfkcti6'll"wellstpat 
ate 'operational,:! EW.iO II EW~02AiE~i,.b4"andEW-QSA.E~tf!ctio,ri ~gUS~.EW-:06;alldEW\ih 
were installed jat the' Site~ land,'3})aIi~~~1, ':~pd wet~de~cti~~t~~in)997' ci~et~ cb~tl#~e,4 ",' 
decteasing,yieIds and statHlized wa.tef levels withirl the cbiifiMsof the ,sltu:ry wall fof ~iU~s'l 
and 3 Landfill~. ' ·U,: .. ;'· :; ":' ";,:,,,'. " ., .,'); (; , ;; ;",; ,0. : : 

, ,:-:~~; i.'J, friC'~~.:';' . i '.'~ <: ;(, ','<': '-,";""; 

PumpingatEW -02 ceased in September 2000 due to low detecteci concentrations of VO<Ss, 
.Pum:pingftol11. EW:-,05. was tettni'nated :·in January 200iliwheifttlie' replaoemell1exttaction\vell' 
BW-OSA wmrpla,(:;ed online, ;Bxtiaetio]iWellsEW:'02;. EWl...o3;'ahcVEWi.0'5hi(Ve freen'!' .' 

'. subsequentlye1<;ised o(deodlfim:issiohed)j and are no langer 'parioftHe' ;extracti6'n well n~tWork. ' 
.,,,. ".".'\., 'J'F "\;' -'-i :.' p f "'~" L~ ;~' :~'. 1. t:) ".~J' "","; .".j 

The G\VETScurrentlytreatsthe combinedintltienttfro'm EasteriiiPlfutie gtou.ndwatefextraCtion 
wells;EWLO,lvBW~02A,'EW"04:, at(d::EW.,'05A;i TIfe 'CbthbinedihBuentifloWi'a.te.isc, ;, (, 't I 

'apprdxima:tely40 -,45 .gallons petmintite (gpin) with·atbtal chloririatedivbldtmfotgartie .' 
:comp0Up.d (CV00):cqncerttration 6f' apptoiimately6d·:~g/L:r: :r: ,C-': .ll;.: 

The combjned influent from extraction wells EW-OI, EW~02A, EW-04, andEW-.o5A contains 
4issgJ¥e,c,i'ipha~e, l:,4r,9iQx;.an~!atqbUoehtra,tiOl)s.ofapproximatelyBct0 ,9 igg/L, less than the 
corresR~mdingME~ of,J2 .J.l;g(L. HQw~v.er~ itoi~ffective1y contain the elevated {1;4"c:lioxane 

.' ,cQtrlPQ:n~nt;qfth~Eastem Pl:ume,a,ndeaptute dissoh(ed,.·phaseiCVOCsatthesouthern extent of 
the plume, several additional extrflct1Qn.:W.ellsi WilL need, to~ heinstaHed;, I.; '.. . 

The first of the new extraction wells is EW-OSB, located approximately 60.0 feet downgradient 
from existing eXtraction well EW-OSA (Figure 1-4). Existing extraction well EW-OSA will be 
... , ..... ,' .. ...... (, .. " .... ,,, ..... .. ' ". ..... . ...... " .... ,. ..... , _...... ... ","" . ., .. 
BulIdihg.50: .' 
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dt'1aPtJYJ~t~ql:mq .. ~cp~,aqe~,wit4;,£YV ,.()5,B).since; th~gr0lJ.p:dvv:at~r, t~~Qy~ryfrpm ,thi~ welth~~" , 
.dIlopp~d: ~~~qw,l·g gpWttll,<;l§iYHep;W;,;,q?~,J~ :in,;l;~llP"eriJ>;t' P9s.~tiQn {or.cotltaminap.tc~ptwie;; . 
~h~<l ,~;,4ip,*~,\~,,~PP:P~~tr:Mjpll,,~t;l1W"7Q~I~is' ~x;pe~t~4ctor,$lg\e frpin 1 00; f<Ak~Pi)lg/L;; ,.: ." 

·:,§~gnI.A¢~J1~~Ylgr~,~t~rtP~nJhey()n}rSP9ng.JIl~t¥~Oi; '.F}.\:l\ ".;';6' .... . .... ; 

'·i~9.~thel:.n~~ i~trfl,~t;~~~wil1,~'i;~eAti~,ed'.a~,.,~W~Q;~~~~d;~W:;9R·:~~t1,;'P~:ip:~t~li~~;~i'ih~~():,,:"i, 
apprbxiiriate locations 'sJibWn, 6ri~r:jgWm ~~~, ·E,xJracd8B:W~ll$~Wrt9~tl;lIl(~r~W;".Q\? 'a,:re;tobe.: 
located in residual 'hot-spot' areas for both VOCs and l,4~di()xane. It is anticipated that 

.. Qi~i~pJYY~'~Rh~WF'~ 1~;,4iHf~lf~ 9,p¥9~y.!mtiRt1~i,t~ :~~Wlp~",at,e.~ J"~s~~~r~d,JfRwJ~;WfO~;~tpA'pW :~9 
wIll Ri~ ieq~~lJSJ,J9t~7;a;t.rr!h~1l) 'oN" )+:~(~;/~Rllo~W:g, ~~,~t,'!Jl~~!PNi .<?,H4en,ywe~J;J;l!pJiBP.i ~~lls (I.e., 
EW -05B; EW.,08; and EW -09), existing extracti9il,}\ft{llJ~;;W :nlyv:i}liPiYA,Yf~!?~i¥ft'tr9c~H •. :,'; 
extraction well EW -04 will either be deactivated or have the putnping rate significantly reduced. 
The con:posit7j1)q1}~Htfl?M~~'?~;~W.$(J~t~8HPf e~!r,~,tiq\? W~ll~;E* ,.Q~:A,.:I~~:-9:5~xJ;i:W -08?\CiJ;ld. 
EW-09 IS expected to contaIn l,4-dIbxime at concentration!) above the respective MEG for a year 
Pn~¥,~;er!:);; "" '["i, ' "',' ' 

. [~t~",;pf~r~i~~~filJ,~P~XS~~lt~,~. . ;3 " 

." The ~Rip()~,sy~t~m wiir~b'\lsed :'iq "i5}~~ide'1 ,4-4!oX~hy ire~tm~tit.in'Q~4,erJo insW~JBatJhe' 
• ~~~~~~1t;~W~t~GJt~t~1~~;~~ngth~i:~lm.:~/r-fl'}~#f r'#p~ln~:"be)ow·t~t'.M~E·of3'2:~g/L, with 

l.~l '" '.<: 'I . .' - > .(.-,:.'t-,"; ~,.-. ',':...,-_ :~ r; ';;-, ~~ '< ".f;',:' 

, I, " "'" ',< <" :'" 1 " ." ••• 0 , .' .1 , ! ; (~ _ ": :._~j ",< .,":_ ~ : .. _ _ _ 

APT's HiPOx technology is a continuous flow advanced oxidation process for'ihe destruction of 
dissolye4:-phase vplat,ile, and,s~~t-YO!~ltile"qrg~11;ip cwnpPUAd,s,. ,1'l1e;pr,oc,ess!\\~(i)sindu~try ,.' 
.~~_\·t·':_!'~;':".'·1f}/.·:·,-:"·:;--·f}~Jr!'~t·f~·,;::".>._.~.~. '-i.·~"'\:' ~'. ";,>,;: •.. ,."_,,,', .. ,_~}, .,.};, .•... ; .... c~'·:';;-.~~·' ;.< '.~, 

recogriIz¢d ozone ~ndliXdrogep.pet9xI4~ cl1eJ111s.try IA. ~ @!quely d~signe"dQxid~tlon reactor. 

·.~~#i»t~~~ii~~~c~;~ti~~~t~;;~~q~l~i~~~~~t~f$~~~1Wd;O~l . 
radwl~~~.at,ta;T¥~~,rj~o:~~~lW1~~i?)W~llt~rFo~t~WW~Il~ D;l?J~c~lrs~m:;?,~f~§slx~1y.9;~J~1:rlll~~,esf 

" ,?q;~go~~~s. (~n,~ ~~{llysuM~~B j'~!rTt~qll:!;ty~y-w~4~?~s. llW~\ J~~. ,b~~1,f atoms ,H\tltnflt~1Xi, ' . 
rec9Ih~we t;nt9?e;n\gn,7l].,d;p;r~~~ct~of.G92IJ::hq,.l;lnd,sal!s., .... ", '" ,i ...... i 'J 

AltH6t1ghHipdi' Jystenin)r'6vicf~'~~6eiien:t ireatiP~~t Od,,4~di9Xi~t~~n4'¢hl~~f#it~d;~th~lle~~'Jhe 
process is not as effective for removal of chlorinated ethanes (I.e., tCAand related daughter 
pro1pg!~k S?13riR~r7?/fl~~aJ}ft~j ~~~,~~si~y,~1.9~1?~i11~t~q. eth~~~~,~m, S?PJ;~n~y·)w, RF ,trYi~tr~ Via, 
th~ ie~~~tW:~, aIf:;s,mPPP~ (~4 P;iPm~~ts\ W:,BY, bgWq-ph,~~~ ,gi},9. W}!h9ltl ~,r:stnppmg depepq~nt 
upon the. results of tbe IIIROx pII~nest..., 

~:n··:.i· ":', i" :' -, 1·~)::.· .''i_/';': .'.t,f J, .;'\ ',' 'l_·; .... :'~ t, ~< ;:; .;l.~~ ,'[ '1, 

~~e '~J,~9~:'~r~~~m.·l?.~~.:t~~9fP~~ijt~4.(~tpj~~~A$ ·~~~~fc~",GW~,X~"'i;:i:;~7~P~~~~.~,4~it, 
WIth ~11 op,~r~tW-g c~pa9tx.xa:n.gll;~gl f~Qm ,3:,t(> .1 (iO gpw" as. sijpwA9n t);1.~, rql1,lPrnyn~ ;SP$19l0,Gf!tI Ql1 

~he'~~~1Pf9~~R~~;~1l:AVReN~i~.1},)J)ep~ri~i~g,p#, !f~' ~i~e~~,p¢R1f1F!p~9jJn~'rftt~~ C01l9W'?~S ·~p4·· . 
q~PIWi~?~Wg~a,t~\;WI,;r9~;s.r~txm~i~t :9~hy~ l()patJRn~ JHJpe! V~HfM,§!~t~~ ,havS'; fP:aJP:t~I~t~ .1,4-
dIOxane effluent concentratIOns below 5 Ilg/L. It should be noted, that alth9:t1ghJhe treatnlep.t .• 

. , '. . - " .,; .J' ". -,' , : " ,·'··'_',-.'''L ',':' \ ";;:: < ;J). _: c,'" ' 

goal for the GWETS HiPOx effluent will be to maintain l,4~dioxane at levels well below the 
MEG (32 Ilg/L), reduction ofoth~r chlorinated VOCs will also vary with hydrogen petoxideand 
ozone dosing rate, and overall performance will be evaluated to assess optimal treatment for all 
contaminants. 
B~.ilditig$(),· " I 

. Na,val Ai~ Station Bl;Unswick,M~ine .. ,. 
HiP()x piI~i studY. iW,~tk Blan 

Groundwa,terEx:tractiQnand ,Treatl1lent System 
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" 
The'HiPOx'unifWillbe inSUilledaHl1ehead 'onhe'exi~til1gGWETS:: afteF'the 'sarld' filters td··· 
allbw;particulaterembval pi'ior·to the 'itdvanceo ox'iUatiq\lsy'stem :assh6wu bhFigm.e:J ;:·5~.r¥jgUre 
1-:6 provides a ilcheJ1uitic' vi~w6ft~e dWETS proces;s\Y'ith t1te"Hi~Ox·Coriip,&rients'liiipla6g~· 
The HiPOx unit will remove 1,4-dioxaneand'bhidrihated~etheries';llia'prbvid:e!lfmrt~tl 'tte'a'tthent 
of chlori;nated ethanes. Treat~dgroundwater fr9PJ the. RiPQx unit willb€( sent to the existing, air
strippertdftemo~al ;oft~sm~a:l d1f6fi#Me'deth~e$ 'cpld sl.lt>~eqli~l1tlYtlitotrgh the' bHsdngilquid-
phase (JACuIl1t~:rol-'''pbHshin:g: 6f'reiHaualCVOCs~if pt~§eiW' ';""<':". ,n '!.,., 'Ii "I .' . 

H:·-· ,< '.lff -:.~l 5:, ~~'}~.:_,./,:-i - ';"~;'.,: h~', :~r: ,)~~" ~. i ::-~ ",J!'. tj~··L,~':).<-f 

; .. Sl\psb<ltieIit'piibtjtestiHg:'V~11' provi(;ie'~he"a1ti~fiolr dftl1~'e(~ca'6y"dttiHliiitlglh~ 1tlpq~:~y:s~em 
, 'and liqui'dLp'ha~e GAG wrt1rotlFth.¢':lai'fJ~tripperah11,,,apot'Jpnas{tte~tm~rit ptQ:~es~~¥: Th'y ~l\' \ . 
purpos~;,'~~,~~!f~V,iUu~t~~~J~;~iSr~us~edtB~lo~i ,li; 9;1', ,'l . t; i.>," " ',' J q. N ' ' , ' 

"112.3" E~aIUallriYhi~ bptilliij;ati()tt ?-'f!HiPOx System: W(th 'l1i4uidJpha~~ GA.t;· 
.l '.,i, '" ';:. '-".;, . jf~. :':'~~l; __ .,-' ,,---·:i'.":, ;j:.: - ~"I ': :-';,:~'\<-j ; ~:- ;.~ -:/:>~. -:'".; 

J Although the primary goal of this' pilot study is to successfully determine efficient opetat1o~ai 
requirements for the HiPOx system, it also provides an eJfs~lleIltQnij<?~i1Y.tp,~Y,~lv~teBth~r 
potential changes 1,0 the GWETS and recommend signifiCilht improveriieilts as weIr As p'an of 

/ Navy policy, thereis a requirement to ~egular1y,exawineexisting rem~d~al cleflnupsystems in an 
,effortJo 'b}jtlmEie :tllelrQPetaHdW~hdi ~ii~tit¢~.nh:allCea pe~foi1riaiJ,9:e:~S 'A~~!~~did pf6te~ih~in~m 
,"-:' -: ) .~ " .!_ "".'. "_'-'>< .: . .'.~,~:{.I_"<'~""i>~'.' L'i,.",';,; .. ~ " . "'.:.' i') >-.".,.\]' -"~ ~~,--,." , i. -.': :,_,.~:t·,.·, r(~, 

'health alidtl1e'envitbhriienl Iii'a:dditi611~ tnerean:i numerous Fedetillmandates to minimize 
;,: ~'~.' i· c

• '::- \",',~ •• ~'·:;'i'n:~,."':'<--'''"C ',--'}',;,l'~",:' . '.~ ;'.',~ I:," ;'}.' ~ 

energy consumption and the "environmental footprint"at Feq.eralFacilitiesias pan of";' 
sustainabili tyand" green" initi~ti ves. 

.'. -" .• ;','. :4 !.- 0--.' .~q /,'.\',_~';: ~ ;~>.' .':, J ·F'~'~"·'~1<.,> ,.:,~ .. ,.~ ~~ 

- . . :." ", ,',.. ' ...'... '.- : . .'. :' ,. _'.' :, ,." : . ~ " \ ," . _,'. c.:' ,; .' :. : - ':", ~ .' .~:-. '_ . " , . .... . "" t 

The existing .&WEtS'\pfo~tdes fih~l' reii;io'Va\ ~f v()c~'py 'adsqiP.liQ#:t9~iQ~G ... Th~ ;W~j9~HY,Qf 
thg VbCslli'g! stif i 'e~.t' t¥()tii 'rotilidwa:t~Fahdca'illrect'iri'the'iva)Br~ ;'hastGAC 'v({ssels:" "', , :, .. '.' .. ,. Pp. .. , .... ;g .. , ," .. ,.,.' ,P, ... "",""" ,.-r,.".P .... "J~, .. ""'., ........ "",.".. ;. 
Residual Y,QCs itlitH \i~~' ji9tr~n1lWed by ai{'stfippibg (typ~{a1iy le.s~'th~n; t~2pefcen.fqftht?:. 
ihfllieIifVO~d6tr¢e.~tratioft))f6' c,~ptVte({.kY: th~:ii.qtiia:l?li,£~~~A~f~' :r#~ JW~~fripp¢i~!\d :~AC 
td~ahnentpidcess' Wa(deSr 'nedffiid1fisfaUed'dutih' "1lO(}OJ200t' 'at "a iime~'wrren tile monthl ..! 
VOC loadliigwasrNo~e tii;ri' t~ri'tifii6sgreal~fthari~uir~ri(B6lia~tiBa§!'r:A;ft¥fjh~)f~P'Qi$y~t~in, 
is operational, the VOC loading tothtfaii~§ttipI)€:lr an(rGACv~ss~littvi1fbeTurth~r're'dllced . 
,be~a~~;~t~~.~if,?~. p~~c,es~, \ViH reU1?'i~ ~~~!l¥: all 9f tb~, \}1J.~0~i,?~~~~ pt~~ne,)s..~nq,~Qf~ }h,~~ 75% 
ofthe'clilotmated ethanesbefbr~ theaI.I:-strlpper. ,... .•.. ' . 

~:'-:'f.i}.t.·;~,;.' . "'." ;, 'c ,,"", :.[;":'- ~.\.' " ":~~.r( ',;' { 

Undeftl1e cllrrenfly' asYrnp,tdfidy6,c "tb,acliiigrat¢, ~~rld;p~i~U!#lY\f~i1~~iiigjhstallaii6ft'.~it4e 
'1IiPOx Uni(Hffiitylje p3Yslble to 'slrH!ilitY t1i~;existirigtt~~(h\~~(sy~t~Iii:~pridliwindtioK9fth~ 
air-stripping and vapor-phase GAC treatment processes iri:f'avbt bfVbCaild r;4~di6xarie' . 
retnov~Hbyth.~ HiPOxsy~t~Ww,it~ fiJ1al VOCp?li~4i,ng Py Jiqui,d~p,hase GAC. F:!gur~J;-7 .. 
p~d\fitles a'sthe1l1atWv1eW 6fth~'t!WETS 'prq~eis'vHl1~iiig theJ{(P(j~syst~hl'for 'ptlm.ary , . 

,! tteatmetifah'd tH~ li'quid::phase GAC ll~its'fo!.~ecoild'an} polj~hitigof:residiial chlq[inated . \ .... . 
ythdwes.' ." Prdc'es~ *d~er ~6\ilfl cbhtjnue topassilliough:th~'ihacfW~:,lltf~.§ifiPl)~r wit~o,lit 10,8.8. of 
voc's. :Tl1e'\rapbt.:phasetryatriientc;omponellts wouldt>6 i'4adl\1~buf\volild remaIh in~place to 
b(n[ti1iz~d'jhlh'e;futureifit~eded. "':"ii!' ,,,,,,,,Y',,.'.l;Jc;dl(i ;":' , ";':' '.' .. . 

',; ,! I ~. J, 1 

,,:---" 

'Buildihg!50' i '. 
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The potential advantages gained by this modification include: 
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1, ~jml?~~fjc~~~()tlof;e1C,~stip~ v:;e,~tmel1tprQce~cs.bYY9n~pJiqati~,n Q~G~P. ~bs~m~tiQQ.;,tQiai 
sl:qgJ~\~e41a JrH~ (!lHuJ4-pll~s~: (JA..C),:;:PJ;l~':WP41,q tt(sl,1lt11;1,~Jlml~~tlo11 of; V;~PQr:,p4~se 
GAC replacements; elimination of vapor-phase air sampling; and significant reduction of 
electrical demand, 

2. Reduction of GWETS electrical demand and associated off-site"environmental impacts 
!m<J.H.~ptiY(lti~WofJp.~,lQH.p(ljr,;stripp~r,blQWer,·JQrljP(lir"stt!:?a;ln:4e,51t~r:Qooster blower, 

; (lp~ 24 XW1~\rr~tie~m4eateLreqllir~<;l,pdpr .t!;l the vaporrPha~e~qAC.MYS,selsl' ,TQget1wr 
theseelectricaI'loads are avery iarge component (i.e., greater than 50 percent) of the 

.' :G)'fE1\$;~I~Rt~ip~~; 4~m~A(l I' ~,1At,p~tJ,~~i:q~;t~~~rl9,ad~ W9!llq,~f\;vp, l~\l~~g~i~n4!re,,d~ce the 
1 potential off~slte envlrqw;n~m~llS!S)1H~%§~9,ql[ltf?,~l ~1th 1.l}.yr~.ase9,Pfo;~VY119n;gf: au 

pollutants and greenhouse gases incurred during electrical power generation. 

.;, ;pUri~~fH.iPO~: Jilott~§ti~g~the~ avY'Wil~16q~fjDTIwheth~;.t4~~Jdrfi~cl~WiT'~Yb;c. n~moval 
pt6ces~ (i.e" HIPOx' with )J,i~ihd~phas,e,G:~;cj )J~;¢fte~ctiyti .andi'me~e~s'\91~al).Yp r~qujl~elpents. 

'. ,,", .".':. ~:',O':".:_ '.".'_: _ ,~':"'>Jr , ,., ,",,-.Y.', x' >, :.1':.; ... ~} .. ,.~. ".~ -~.~_ .• ',"" , .. ' .,j;." .. ", J'-'- , 

Follow-on iechriical discussions with project stakeholders slian,o~~1Jf. gefor~·a,J?,Y peF,Wanent 
ohanges to the GWETS are implemented. .' .'., , . .,. ..'., 

; '.J; 

U' :' ~ -

[ l "",,) 

, 

1'h~ Na,vy .wi1.1:conduct a HTPQ)(pilot jyst at I3,uj1d,ing 50 ,QJJring'lhe'thirqa,:n,d (olUihquarters of 
2009. ' 'T1}egQ~i~la,nd obj ~qtiNes,. pi th~. ij;i.pp){Pilot'Test ,inc1uQe. t4e ;following;.. ' ,"" 

, , 

1. Demonstrate that the HiPOx advanced oxidation system provides effective 1,4.;.dioxane 
.• treatm~nt, to, rrwil1!a;ill,QWE';rSeffl~,e.nt qoneentrations equaHtpodess than ;10 j.tg/L; 

, ..... - -, :i' ~ i 

2. Determine th~ ~ptim~l operating ~~nditioIlS to meet the.I,4-dioxane treatm.ent objective 
with the most efficient uSee of hydrogen peroxideanq electrical power necessary to run 
the HiPOk system; , . .. 

3. ,Evaluate the mostco~t-effective and energy efficient GWETS configur~tion with the 
HiPOx system in p1ace. ,Possible alternatives ine1ude utilizing the existing air-stripper 
and GAC units to treat residual CVOCsin the HiPOxeffluent or discharging the HiPOx 
effluent directly through the liquid-phase GACvessels.prior to the infiltration gallery; 
and, ( 

I 

4. Provide HiPOx training to the GWETS.operator and support personnel; 

Bllildh),g$Q.; .. " . 
. " Navai Ai~! St'ati~nBrUnsw'ick, Maine 

, '. \' 1 ... ~' , •. :.' ".'. " -' . -; •. ~ :.;: -: ~ : •. r.' '. '. 

. IIIPOx PilotsttiClY:W.orkPlan 
Groundwater,EJ\tra,sti,on,ap!i •. Jreatrnent System 
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1.4 SCHEDULE 

'The ;sGhedlile~odlie HiPOx. system InstaUittiBiI ahd pl1bNesl is pies~nted i~ App:eiidix B. The 
'pHOftest; includirigworkplan, exebutioil,'~l1d reporting is' ;expected idi~st 'atota1.6f41 weeks. 

. " .' -' . . (. f ,. " 
~.~; , 

1.5 ORGANIZATION 

• 'This'Work Plan idesci'ib6~hhe SCDpe bfwbrk andiprocMtife's to be Used : diliinfrit$fiilllition and 
pilotte'stirig6f the HiPOx:sy8tefii.TheWork PlarliS Qrgariized ihtQ!the'fdllo\virtg se~Hons: 

;'f',' ;.~; <~ 1 .. " " '," :<~ I_,-'f',. . . . " . '1\-" '-'1 _. . 

.···:ehn~te .. 4, tntroatittiijn~Pfovfdesb~ckgibtiM infofiii~tloli o~fthe' O\VETSiand 
l"dutnties'th<ego~lsandobNCtives 'ofthe'f.u~65( i>fl6t 'fest. ,. : ~ ;':',' '::<i 

;-. ':'," :. ~,:,". . ·n~. . in?; - 1\ l ',. '·1 

\f 

•. ,' ,<;hapt~~~, B~nc,h Test 8,esu't~Deta!!~. !he, results ofl?ite~sp~eifip, ~iPO[(,q{fncll: t~~ting 
, ••.. , •.. ! . ," ~driduct~datAPt's'l~bdr~toty using.'grQhnijWatetcol1ecte4Jron{th~ OWETS:infhient 

')aiid~'extia6tiOn',,;~1l'E'W~,5B,: 'thg c9hi~let~'~iP9~;behcni~\§t'report, fr~mAi>j IS' 
ptO'vidediriAppehdi*C~'; . \ .' ; '''',:> " ',"""';"', ','" ".4' 

• Chapter 3, HiPOx HCU Installation-Details the procedures for delivery and 
installation of the HiPOx equipment, including unloadingallQplaqernept of the treattn~nt 
skids; mechanical and electrical connectiolls; and comrrlisSibhil1g:~ ,", ' /i"" ~ 

, ., '<Dhapter 4,: HiPOx Pilot StUdy~EXplains~'spedffc procedUres forcondti'ding th~ J~drty 
test run andisuHsequent4·2~w'eekp'rove~butpetioaofiheHi'POx·systeJ.ii a(N'AS ' ' 
Brunswick. 

,',: : 

., .. (;hapter5;Completi9n Report~Descrih€s tlie'6~tit~iits ofth:eHiPOx. Pilot Study 
Completion Report to be submitted following the HiPOx'pilot tesL, 

.'" .~ - ,. ,,; ." 

" ." '< 
, " "./ -. ~ . 
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. ,;,;7~]~]~OJ:~ENClI:tEST • 
. J 

. i' ., ."-:' "-",~, ~; ',", ~ ... . 
'->:"" . .. "~ 

• ~ ~.l .. ~lJIWOS~.·. '; :; 

Although'HiPOxadvanced oxidation is a'~ell-~r~ven:.'~stablished te~hnology, the eft1c~cy a~d 
'design of the full-scale HiPOx system to be pilot-tested at the NAS Brunswick GWETS is 
dependent upon the site:specific chemistry of the gro\lnd\Vate1iaHheEa&ternPlmn~,.rTherefore, I 

,bench-scale testing was conducted to model the performance of the pilot-p,hase HiPOx system 
. ~ith~~y~pecttQ ;~'1t-dio~~:Q.e. ~1;14 .• YQC.rewqyal.andc:let~rm.ln):?; the c0rreSporl(lh.)g o~one and t", 
4Ydr,oge,n, perQ)qq~, q~:Wlng Xequ,uepWIlts. ,'fllrtnetrrlory,Jbe .re~ult$;oj::tb.e.b¢nQb-scaJe testate · 
nec~~sflr.y for tAy, V;enQor.(~PT)Jo .offer aper,J:onnl:lp~egiIarantee ~spart.oJ thd,r'p:fOposaL 

~- . -}f~:-,( ,-J),,;";.,: 0 

Thi~ chapterpte~e~tH4~'b.enc.h}scale~~stiAg~esu,lts\oftQe HipQx i;fdy,an.ced;ox.:idationprocess 
for l,4:-dioxane and VOC treatment using groundwater collectedftoU,lcthe Ea&tern PlUtne,ataNAS 
Brunswick. The HiPOx HCD bench test was conducted during February 2009. The complete 
be.nch testrepo1i (f:\..eT~.~a~ch 2009))sPfQvided as ApP~tIdiX C; ; '. 

\ ~ r";, ,t;, ~ ',' ., ,. . '," 

2.2 HiPOx RENCH TEST METHODOLOGY , 
, . \ ' t E , 1 < r" ~ ~. \ -. ," ,,- '. " ",!' ',_.' 1,' . . 4,' -.;. '-""'. ~, - . ," < • '\ 

Two separate bench scale tests were performed to model the HiPO~ performance at separate 
p4l}se~.of the new extli~H#q~~ ;well a,ptiy;a~\Qn, proces.s, as;qu,tline(:ibelmy:,: . . )" , . 

,', " : !, .. ~ ,'-f.;:' 

, ;~; .a~n~II T~st 1. r7iGW:El!S In.flQJ~Jit,with' ~W-;05RActivated:.This bench test ,was 
cQudqcte~l;u.si,1;l.gl1lJ1Qw";w:eight(;3,d.GQmpQsite.sample.of.gtoundwater.colleoteH from 

'. eXt:rCJ:ction we~JJtW 1Q~J3,aJ,14tbe;e~isting~ (~WETS influent (EW-O 1 ;;EW -:02A; EW.:04; 
· . a,Il,c! EWjOSA). T4~;comppsite.:.~:ampl~~c.ontained!J A-di.oxaneat 22. 8 f,!g/Irand t9tal: VOC 
· .flt'fHJ,!~glL;·9Q,p;sid.et;edJo be;repre~¢l1tativ;eoflGWETSlopeqltingoonditionsiaftet 
;;e,J}tra~ti()~'w,eitE;W';,OSf:\.jsre)'lacecd'bY(EW.,Q5B." I,' 

'.J' }, 'i Ji ,':: ' 

• nench Test 2 ~ GWETS,InfluentiWith:New Extraction i.Wells: Thisbench'test was 
conducted using groundwater collected from EW -05B, containing l-,4~dioxalle at 101 
f,!g/L and total VOC at 1,116 f,!g/L. These l,4-dioxane and VOC concentrations are the 

· anticipated 'worst-case' composite influent to theGWETS after future groundwater 
• extraction wells EW -X and EW -Yare installed in remaining "hot-spot". areas within the 
Eastern Plume and existing extraction wells EW:-O 1 and EW -04 are deactivated. 

ECC collected the groundwater samples for the bench tests on 17 February 2009 and shipped the 
samples b:y overnight courier to APT's facility in Pleasant Hill, California. On 19 February . 
2009~ APT used a bench-scale HiPOx HCD system to evaluate the treatment effectiveness at 
varying ozone and hydrogen peroxide do'Sing rates. Treated 'effluent' samples were collected 
after each oxidant dosing test fo(comparison to the untreated groundwater analytical data to 
determine removal efficiencies for l,4-dioxane and individual cvbCs . . 
BuiicliJig'5Q ;, i,' 

Nayal Air $tatiql1iBfQl1s'\vi.ck"M~il1e; > 

HiPOx Pilot Study Work Flan 
Groundwater ExtractiQn and Treatment System 
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IOn i9'FebrullfY 2009, immediately after bench testing, APT shipped the untreated groundwater 
and bench test samples (treatedisanlples)byove'riiighfco'llrier to ACCUTEST Laboratories, Inc. 
of Santa Clara, California for analysis ofVOCs by EPA Method 8260B and l,4,.dioxane by the 
EPA Method 8260B SIM. Additional analyses were performed to test the 'raw water samples for 
chemical oxygen demand (COQ) and target analyte list (TAL) metals. The comph~t~~ ~if:ittlytical 
report is provided wit4 the benchjest report in A.ppendix c. 

(: ' j i- -, 'v_,-" i~"· ·:i 

··23HiPOx!BENCH TESTRESUUTS .; ,. , 

.. . 

, The; bench-'scale tHiPOx! te'sts confirrrted that· 1 ;4~dioxaiiebdticerittations in groundwater ifronrthe 
EasternPlmne can:beeffectiVe1y:redtrced to lessth.an to /ig/Lahuco'iorib ddse of 5t<NFrhglL 
and hydrogen'petox:ide;dpseof3t6:4mgILY: Thistesult applies' foihoththe hear;.tenrlcoriditions 
(i.e., after EW-OSB replaces EW-OSA) ahd future conditions after each of the new extraction, 
wellsare·activatedJatrdEW -:-01) and EWL04 aredeactivatea ~(i:e.;·1 ,4:':di6xahe iiifluerit ,'. i; 

\concelltra.tioffUP to 200'llgft), ... ; ,. ,,+, .' 
l;· . 

Chlorinated ethenes (including' PGE;TCE,' '1 ;1-DCE, and Cis': 1 ,2~DCE)w'ete a:1rilust'entifeIy 
removed by the RiPOx advanced oxidation process concurrently with destruction of l,4-dioxane. 
It is anticipated that the pilot-:-scale RiPOx RCU systeml will maintain effluent· 1 ,4-dioxane . ' 
concentrations equal to or less than l())lg/L while;rerntlvirtggfeateH:hhl195to 99%bfinfluertt. 
chlorinated ethenes. . 

. l : ::,"'., 

As pr~sented previously, ,the HiPOx:proeess isnotaseffeetive for·tre'ating chlorinated ethanes. 
Groundwater from the Eastern Plume typically contains 1,1,1-TCA and both DCA isomers. 
Based ol1',the.results.ofthe'bench.,scaHrtests;dt,;}s;anticipilted thattl1e,pi1of-Sbale RiPO*' RCV 
system ,wHl ipr6Nide between 2'$~40% reductionor'ch10tirttl-ted ethane'c'@'ficenttatibrts. The 
reihairiing chlofiriatedethanes andaJ.i¥resTdualch16tirtatedetlfdrtes tbUld'pe tteated1by the 

, ,'existing: air-'stripper and both: vapor-phase :a:ndliquid'-phase GAG~ or possibiyb~/iiquid~phase 
GA C' alene, ,Because tlie;air;cs'tripper ahdvapM'"phaseGAC require:a large arndurtfof' eleCtrical 
power to operate, it may be beneficial bothfrom'erivil'o:J;J)nental,atrd'enhgyconstimption 
considerations to by-pass the air-stripper and utilize the liquid-phase GAC ul1its for treatment of 
residual, dissohied.,..phaseJeontaminantsdn the,HiPOx:,sy:stem ;effluent.:, ., '" 

, ·1, 

';'., i·,; ,'.:,. .... 

: ' .. :(, ,'.: 
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3. HiPOx PILOT SYSTEM INSTALLATION 

L ,J<. ,: ,c' ?·u~;,-:'n.' _, '-':> .• ~(£ , T ; ")·--'.!-;H"'{{· ." ;{} i 

Un,der.subc9~ttfi9~,~9;M~S.J:}l)yirqronynt~!;;~PJ.win~prQy;i4~;air~;,;ftu:pisb~d;HiFO:((,H~U,ul1it 
and a semll~t~;px.xge~ ~g~ne,t~tm: S~t4E; 'J,'ne ~iPqxJJ~lJQe,S{g1J-rqr.awings '~x~pJ:9v;i4e"d'i;t1 
Appendix A. This equipment will be delivered to Building 50 at NAS Brunswick ~pd '"",,, ,\ 
in~orporated intq the existing GWETS. ECC will provide construction oversight and installation 
assistance during the installation process of the HiPOx HCU unit. Ap..:APT;Hi:gQ,~tt;l.Qbnj9ial1 
will mopilizeto the site to commission the system after installation, H&S Environmental and 
ECC.W~I!~~c:ur.e';aU.neQes~a,ny P~1;ln~~slJe,tote ills,taJlfltjPll WQ* isit#ti~te,g.~i'.,., i > , 

.' ' -; .)1' ,':"i!)l.j',,-:;:./<'~ _ ';'t:f q -. " ",(. :cy:" ~~, ~ -}: ,.:(. :oF.;:. 1 

T,he)a)T,q\ftJo;& ~lA,e HigQ~,system \i~,;sPQWn:pp.i -ft~e,} l"'i~" iii\: thr~,e:;~ay· v{j,lve.w!U,Pe jnst~l1ed,in 
the,e~isti:Qg gm~d}V~t!iir:int1uynt #ll:~,;hyt:w~xn.th,t:< saJ9, t1J~x~s,:flIl,d,tbe sh,l;lHo~r t,r~y ;aiJ -stJ:ipp~r . 

. A)~~)V 3:-ip.c1)tS9pegy;l,Y'f~O,PY~, p;pe, :wmt~e:tullj;r,om;th~~l}lvel,QQ~ti~Jl :(j>;ve,rl1t:<1J,d; to tlw! If(iPOx 
.HRY*ig.: ,;1;ht; tlIre~'5W~Y ;vfll~e; '%illl;lU9\~ \ tb~JJW~T's' 9Pera,tQr, to·4y..ect grp'Ullqw;at~r Jrom ~he 

".~aI;t4.fi~~~r~W¥¥1}t to; ei~~eMhe/a,r~strippex: or tll~ iijU~OX;;~y~1~~l}l;';:i~,~(jlp;aJ:'ate );~i~ch~Q~~4Yle 80 
PV~.plp~~dl;1?~wno'\{erh,ead fllQmt4eMl};>.Q~;¥G,Ql).kJ4 tpJh~.alr7j~trmp.er; WHv th~IUtl:u,ent 
tIu:Y.Y~WElY yalv,y' .SY}i t9;'~Y:f9t:filter~d!grom,idwat~~itQ .thei¥mQx:&y,:~t~W,\ 1es;idual;V.oCs in,th~' 

'. ~iP9~,~ffl~em,J~an ~itp.er b,e; trea,teg by! \1ir:,striPP111g .,an~t>Qtp.: ylitPQr-ph,~s~ ,and U!'lui,d:-p!\ase. , . 
'·GA<;\(i!e.,:~x:iS:ti1)g;GW&'I'~tre,a~IIJ,entprp,gess}()r sim,ply:.1?M:liq1;liq\Phase·,O:A.C.if,th,erpper;ator 
deactiva\es the\~tir-stri'pper blo~er and air streamheater.cQwpoqxIlt~. ,;i. 'I, . 

-.,' > /'/; 

; ,-;>~~~> _\.<-:.~t::,i , ,. /<J,~-·-,<}:·tf' ;'; {~~~:!,~ :~::iJ .:'\ >i:."~"(~~~" q.~ ~':\'""'i:-'::6~,';"':'- ::'_)-,~L_ ,;; n ,",' 
A licen~yge,q1,lipwe:t;I;t xiggehUIl~€r i~;Ub,9()~tr~<?tr~Q IUV;!, :SJ.lP§rvj~ipl1:,pyJU~~" w:mJ7~Gyivy,; w,tlQad, 
all.d play,e, ;the ;eq~ipmenf§ki4s"on 1l,e)y'c()~<?F.~ty h.9pse~~~ping,p~~~ :WHh\U",s'llH0.111gi501 Th~ r; , 
cOllcr,~~e Ffl.dll,~il1 ~,!; CQllStru9t~~ 9y~cPIl~f~~~j ma:Sg):k9rlger s1,lpc<i>p-tr~9t tp. P:CQi.alJlw19c,a,tions 

,shown ph Fjgl1t(fhS:" j;h~ i~(1)CWty "R~9~; flr'Y'lle,~~ssJ~ryjtQ m:qvjd~ .l~",yJ,,:;,tapl(;? .ti~r.dPWl}j S1;lrfaces 
for t4~:Hi'p:px"WplJ~qJ.}JPwe~l~kj,d;Hl~JYlft:!~,,$, f~e,t)i \th(l.O,xy,g~~,ge1,le,r~tol' e,q1,1inwe,n..t ;S~;i,Q.Q4 
feet x 4 feet); and th.t:< ,1 g%h:Ydt()g~R-m~rpxi~esupply['~m~i(3~-,ilJ,~ja ,slAa.p:,wterS!l,l,gJewall HP.PE 
tank). The concrete pads will be sized to allow 6-inch lateralclearaiice alollgthe base of the 

.' ;e,q'tillmYA~l~~i9S. E,lv.d aw,l;l~~JR~~4y9r()gpn,· p~rpldd~ ;ta~).,:rh~ ~,k\gs;\Y.ill~;~, ~ps;~t,~d,,&o~that{l,t •.. :. 
,.1easF~i?r iJ1p,h,~;~q~pl,~Flr~ye"is(prQv:i'cl~,GlJQFm~inJ~l1a,n"g€l~tth~ ;Q,riti~alaiyJ~s;sti0W;n: ~11 APT: Si 
design drawings (Appendix A). Ther housekeeping p~l.(lswi11 be 3,500-psi, steel r~::~nfql:o€~:b\ 
concrete. 

T~~v~ip'O~;~CPta~d Qxyg~~ge»er~!9~;~ki4~; ~lUJ Q,~d"l{ii;~l'~~ .on.';~~tbt?d;~H~iler, tqgyther with a 
separate equipment crate fr~W,1\.I?t\,. :/}., ;1~C~n:~,,~~ii,ggerll:qd!?l'j~,ubqql1tr~9t t,ol *<CC, w:il1lllJ,Jp~qthe 
skids and equipmeht crate with a forklift rated'for at least 7,500 Ibs. The skids will bdocated on 
the concrete pads and secured with steel bolts; the equipment crate will be placed near the 
HiPOx HCU and oxygen generator skids as d~rected by ECC. 

Bijildipg5 p" " 'i ' 

NavaiAir Stati~:n Brunswi~k, Ma,\nt:i 
< • !"', . - -'. , ',' ',<' " . , l 

, HiPOx:'Pilot stlldjiWql-k,Plan 
Ground,:wllt~r E](tr~u?~iqn and Treatlpent. System 
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Mechanical and electrical conpeGtiol1s will be completed by a plumber and licensed electrician, 
\ respectively under subcontract to EC,C. ECC will provide construction oversight ofall 

subcontractors. As shown on the project schedule (Appendix B), plilmbirrg' arid" dectdcal 
conduit will be installed and wiring connections will be made after the equipment skids are 
seouted to the c6hctetepat!si" Pipe~nd' coriduitwill'berun 'overhead:iuiCl cilongthe' plant walls at ' 
the approximate 'locatitinsshowii 'oir Figtiie 1 ~5 'to iiiibimite iiiterference willi' existing GWETS 
operati6hs: "" ' ;d , "" 

\.~ r.'· l- i " ' ~ i 

3.3.tMechittilc~IW()rk , 
,t ,. 

The three way inflttehtcorltrol valve alldhew3;.iheI1, Schetlule<80PVCgrourtdwah:iproc6ss 
piping will be installed as discussed in Section 3.1. Existing Oxidation Tank (GWETS Tank No. 
"l)""ill'bede~hed'ahd utilized as a stabiHzatrontaiik fodht:PHiPOx sysfem.Whhth6HiPO){ 
systernactive;, gr()ulidwat~r\,yHH1e' dlr~cted.fiofn the' sarr9 filterstoTartk lwlHch will. allow 
cotltrolled 'and/stabilized flow tlifough the' FIiPOxsystem::Transfer pumps· on t~eHiPOX HCU 

· skid ·will' draw watet from Tank' l{ot t~hfrn' tieafecrw~te{to 'Tank 'I when the H1PO:k'systemi is in 
, ' recycle mode {I.e.; 'duriilgistart:'upahd ca:llbration or dtiririgperiods when the GWETS 'flow rate 

· is' not sliffieiefit to ,maintain steady flowcon.clitidnsdt the HiPOx skid}. 'The overhead3.linch 
Schedule 80' PVO influent pipe wiltbe' coririe6ted1to' Ta11k L, BeparateiSched~le80 PVC pip~' 
rul1s'willdbMec! Taiik'l to the HiPOK' skid and the' HiPOx skid to the air~sttipiJer. Piping details 
will be provided uiidets'ep~ratecover· with the'fitial' APT desigrt;package and theplutilHing bid . 
package submitted to the plumbing contractors;' ""', " , ( 

It will also be necessaryJoinstalla new 150~gal high-density polyethylene (HDPE) siIlgle-wall 
tank for mo:p.thly preparati()h'oI lO% 'liydrdg~n petdxllle' soiutfOh.''PhlshYdro'genpe\-oxide tank . 
will be located adjacent to the existing 2,OOO~gal high-strength hydrogen peroxide tank. The ' 
existhig hydrogen peroxideiihetetil1g; pump will betised,totH(risfer 45% liYdrogenpefoxide. to 
thertew' lb% hydrogeriperdXide iIiixing tiuik:: l)istilled watetwill be tiansferted to'the mixing 
ta:hlcby thailUaldiUthpl.uh~irig, A separate chemidH transferphinp\Vill be: used tbddiver 10% 

\. ' hydrogen p,etoxide ifroth;'the(i11bdiigtahk:to the:QO~galfda:y tarikat'theHiPO:ic HCUskid.; A tiew 
'F-ineh;Sohedule- 80pvepipe .~il1 beniI{Ov6rheadahdafo~g~the pfanfwa11-fi:&iri tlie; 10% "., 
hydtogenperoxidefuixiffgtailk to the'HiPOx skid, as shown on 'Figtrr~ 11-5;) .; 

"f: 1,' "'. "i:"' ' 

Srna:ll·diamet€f piping wi'll'a:lsb·blnecessa:ryto deliver6xygen:fron1'th~'oxygen geneditdr skid to 
the HiPOx HCUskid.'· Silialldiametel"pipihg specificati6fis wilFbeptovided with the finafAPT 
design package: ," '~"i: • >'" ',',: 

Following final plumbing conilections, all new pipe and fittings will be tested to insure that there 
, 'are nO leaks. SpeCi;fic testingrequirethents iiJm be'provided with the'tll1alAPT dJsign drawings 
· and theylu~birig bid package submitted tdthe plumbing contractors. ' ' 

"/.. ,',", ',: I .~ 

Build{b.g'50 . 
,Naval Air Station Brtln'swiCk, Maine' . 

HiPOx pilot Stlidy Work Plan 
Groundwater Extraction and Treatmerit System 
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3.3.2 Electrical Work 
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Similar to the mechanical work, electrical work will include running new overhead power and 
control conduit ftom tie-in locatioris above the existing air-stripper. Three-phase,208-230V . 

,power will be provided to the HiPOx HCU skid. Control and coininllllicatrol1wiringrwiJI bti,run 
from the HiPOx HCU skid to the electrical control room in Building 50 for tie-in with the . 
G~]S" :<?p,ntXQ\"sy~t~W·;. A~l wnI; pJ;Qyi4~!iIlt~rY().W1~p~,~le91'rioal djttitIg~(().t~~J,lgle.,:pha~epQWer 
,~Ild ,9P~t;li91, c~)l}~eqt;iQn~!1e~~en the Hifq~;iAnq oxygep..gene(~t~rskid&t ,CQIlduit. anl:J>;Wire will 

\ r.12.e; flllliPet)ye,ep. ,t4~.&~ldS; QPril}8cfin~1.el~Giri'Fal.;wol'k.; EJ~,q!!iy~L liAegrAWings. ~d lOAd, ; 
.. c~lculatio~~~r~;IlrOy~d.e(.l ~iththY,APT,idesigAdraWin,gs:{Appel1dix Ai),. . 

After completion and inspection of final mechanical and; electrical wbrk.:;)th~ HiPOx system will 
be commissioned by a representative from APT under H&S andECC oversight. The 
commissioning; prt)cess; is, I1eQessat;y:to-confihb .that theequipmerit hasrbeen ;properlyinstalled 

. ·s\.l1dis rel:J.,4y fQr~ctivation; .• APTs commissioning checklist ,is. provided in: Appentlix D. 

. ' 
'\ ) 

" 'I 
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" '!Ihe N:N$ BilltiswtcbHiPbksys'fetlPwi11be pilohehed;(fve~a twblve weeR< Period tfuiing the' 
. : third antlfoutthiquartersof Z(i)09~iTheptimaryrptiip'dse'ofthepi!6t;testwiH 'btH6' 60nfirin that 

the HiPQx' systemlsliccessful1y'reduc~s iri't1uen'f; l}lLdioxane 'cbfiba1tiati6tis'tQ th'e"tfe~triienfgoal 
of less than 1 0 Ilg/L prior tb!dischitge to' 'tHe ;infll'fratfongalle'ry;' i 'Sechddat}/ obj&tiV'e's df the' 
pilot test include the following: 

• Develop a set of HiPOx operating conditions that achieves the:l;4';;dtbxan~i'tfeatnielh goal 
with the most efficient utilization of energy and consurnables (Le., minimize oxygen alld 

. , Ii ""hydrogenperQxide,dosing'rates);' .J:' "i ";CI; ';1' • 

, ..• i, .'. Evaluate'~he mbst'efficient:overall nWETS· eonfignt'ationfOt'trearment(·bf'resrdiial 
CVOG:!s -in the HiPQx' effluent:: ,Possible. system configUtationsttfbepilot tested inClude 
utilizing the air-stripper with both liquid and vapor-phase GAC or utilizing liquid-phase 
GAC as a stand-alone polishing step after the HiPOx; 

• Provide HiPOx training to theGWETS operator and support personnel. 
.l 

The schedule fbr the HiPOx pilot test is provided on agant chart in Appendix B. 

Prior to and during the 3-day test'ofthe HiPQx system, the plant effluent will be dischatged to 
the Brunswick Sewer District. Once approval is received to start the 12 week study phase, the 
plant effluent will b~ discharged to the on.:.slte infiltration gallery. Correspondence from the 
Brunswick Sewer: District is provided in Appendix E. . 

4.2 HiPOx SYSTEM PROVE-OUT 

Following installation and commissioning, the HiPOx system will undergo a one-week 
activation, calibration, and prove-out period. An APT HiPOx technician will mobilize to NAS 
Brunswick to support ECC duting the HiPOx system act!vation and calibration ptocess to ins~te 
that the HiPOx HCV and oxygen generator are operating at steady state. The anticipated [ 
schedule of events during; the one-week prove~but period is outlined below: 

• Day 1- activate oxygen generator and begin purging HiPOx HeV with oxygen. 

. .. I 
• Day 2 - partially fill Tank IB with groundwater from extraction wells EW -0 I; EW-02A; 

EW -04; and EW -OSB. Activate HiPOx HCD fn recycle mode using groundwater from/ 
Tank 1B, retuniingHiPOx effluent'to Tank 1B in ac1osed-Ioop, The existing air-stripper 
and GAC process will remain active for treatment of extracted groundwater priot to 
discharge to the Brunswick Sewer District. Calibrate the HiPOx HCD for steady-state 
operation at full GWETSflow rate, anticipated to range from 40-60 gpm . 

• • ", ." '" ,_ ." _ _ • _._ , •• ' • ." ". ' • ,~., •• " •• _, • , • __ .... , ••• ''''.~. • _ ••••••••• '" _ .'.. " ••• ~ .y •• ,. • _, " •• '", • .' _ L • '-',"_' '1 -.-
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. ie, , .. ' Da¥s, 3, JQ 5,;;,,"·.,dirYGt GWBTS infll,Jent;to· the,HiPOx ;system·foE treatmento£!lc;4'fdioxane 
. ", .~ng,pr·im~ry,;ti~atP1ent 9i"G¥Q:¢s.;R~~jd~~1;O¥<D,G~jn. th~HiPPX~.fflmmt\Wi11 be ,treated 

by the e:l~i§tip.g~ir'\~trippy!;:;~nd,:GACpro9.rs~\'il i ""I:' 

.' ~pUl"iN& Jh~ Illllt tJrree ·4~y&·oKth;e~Hi~qx\ PtQY;I;l~.GlJ~:perjQdjEGQwiU Gol1~Qtiinflue.qtgroundwater 
Il{lmplell. be:fqre. ,the l;Ii1.?\Q~.; ~y.s,t~W;.\wtw,(J~rh tl,1e lfiPQk Hen ap.d,·a,i~-stripper,;.and;aMhy GWETS 
effltlyl1tp~iqr~() the,intiV];~t~p;ng~llt;#y. '. Tw;o ~.xts, ,oJgl:oundwat~r, s,amples wUlibe ;col1eQt~~kon 

'.' ea:q\l p,~y; QR-e ilYthe mOQJ,irnMVJ.9- ia s,e~0:Q.4~~tj1.1·the :aft~f)lP911,:'T~erawandtreated:igroundwater 
sa):pply:s will,btr ~oJI~Q~e4Ji:qp:{Sfl;Wp,lin,g :iwr:t~ (i11~0 4P;.W. VQA iYi&ls. witb) minimaldjsturbance 
and zero headspace to prevent potenii~l; 'Iam.nt~~tion :oftllrgeJ llnl:\.}yte$;rhea~tQUl1dwatet': 
samples will be submitted to a State of Maine certified laboratory and analyzed for VOCs by 
EPA Method 8260B and l,4-dioxane by the SIM method, N summary of the analytical samples 
that will be ~ollectedduring the pilot study is provided in Table 1. These data will be used to 
confirm thatthe HiPOx system is achieving the 1,4~dioxane treatment goals and evaluate the 
degree of residual CVOC reduction requi~ed to satisfy dischargecrheria in the HiPOx effluent. 

Water quality parameters (i.e., temperature and pH) will be measured on-site during calibration 
and prove-out of the HiPOx system. These measurements are necessary to calibrate the HiPOx 
system and insure steady-state operation. 

4.3 PILOT TEST PROCEDURES 

Following the one-week prove-out period,a twelve week pilot test will be conducted to assess 
the performance of the HiPOx system and evaluate alternative treatment processes for residual 
CVOCs in the ,HiPOx effluent. During each of the twelve weeks, ECC will concurrently collect· 
one composite influent sample and oneGWETS effluent sample. Both samples will be' 
submitted to a State of Maine .certified laboratory and analyzed for VOICS by EPA Method ) 
8260B and 1,4;.dioxane by the SIM method. These data will be used to verify the continued 
effectiveness of the HiPOx system. ' 

During the second week of the pilot test, ECC will evaluate the efficacy ofusingJheliquid-phase 
GAC units as a stand-alone polishing process for treating residual CVOCs in the HiPQx effluent. 

.. The ait-stripper and air-stream heater system for the vapor-phase GAG will be deactivated, . 
allowing the tre~ted HiPOx effluent to continue flowing through the air-stripper without an 
induced cross-current air flow. Therefore, there will be nd air-stripper emissions requiring 
treatment by the vapor-phase GAC. The bag fifter transfer pumps will continue to direct water 
from the air-stripper' to the' liquid-:phase GAGwhere final polishing of residual cvbCs will 
occur. 

During the first day of the liquid,-phase GAC evaluation period, ECC will collect daily 
groundwater samples before the first liquid~phase GAC unit, between the liqUid-phase GAC 
ullitS, and after the second liquid:-phase GACunit before discharge to the infiltration,gallery, 
During the remainder of the week, ECC will co11ect daily groundwater samples at the GWETS 
effluent only. The samples. will be submitted to'a State of Maine certified laboratory and 

V· fiipox Pilot StVdy ,Woii Plan 
Groundwatx:t:' Ex~raction,and Treatment System 
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anaJyzed for VOCs by EPA Method 8260B. These data will be usedto evaluate the 
·'effeotiveness 'o1:11111e HiP0x ,sy'stemwlth liqUidl.ph'tlse i6ACp'ollsBiiigfonIieetitigflie bWETS 
.,treatment/goals. for voCs. 'fheweeldY·6orilpoSii~ intllI.ehtat\'d ~wETS I e!flti~nf 'shmples will 
continue to be analyzed for 1 ,4-dioxaneas patFbfthe "ovefaWHiFOxpilotleist' '.;,' . . 

, :Afteneceipt of analy'tical' dat8;IT0in the eighthwee~ (j'ftii6' PIWttesfper'iod; :ECC'wi'llpreparb a 
"draft pilbftestreport fbI' submission toth'eNavY~aridprojecfstakeh61der~:The{dfaff pilot test' 
; reportwill,inbl-u:<le short..,tenii-recommei,idatiOiis for 'continued operilfio\:f of the HiPOxsystem 
"'and treatilient .ofFesiduaIGSVOGJs:by· eitMr' air-strippirig'or' l1qilid-plilIse'GA1::. 'The fiIllH' HiPOx 
\ pitottestjreport'willb>e stibmittea'itftet th~tWe1veweek'peiiod nasbeen.'cbnipletetl.1fie outline 

of the HiPGJx:;'Ri1otTest Report is provided iii Chapter: 5'. c,' '. 
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BCC willpn5pare a draft HiPOx Pilot Test Report following receipt of analyticaldatafo:r the 
one':'week HiPOx prove'-out period and the two months (eight week§) of pilot test operations. 
The ~raft HiPOx Pilot Test Report will be subrp.itted to the Navy and Project Stakeholders. The 
following information will be provided in the draft report: " " 

• Stllnmary of the HiPOx system activation, calibration and commissioning process 
including any significant modifications to Jhe design specifications necessary to achieve 
steady state operations when incorporated)with the existing GWETS components; 

• HiPOx system monitoring recofds and analyticaJ data for' composite influent 
groundwater, process water, arid effluent samples collected during the one week HiPOx 
prove-out period;) 

• HiPOx systym performance indicator measurenients (i.e., daily hydrogen peroxide and 
oxygen consumption rates, water quality parameters, control and alarm records). Weekly 
analytical data for composite influent groundwater and GWETS effluent samples ' 
collected during the first month of pilot test operations; ~nd, 

• Analytical data reported for daily samples collected during the one week evaluation of 
the HiPOx system operated with Ijquid-phase QAC polishing as an alternative to air
stripping; 

An~lytical data and performance measurements wili be summarized in table format. The draft 
HiPOx Pilot test R~port will also include a detailed assessment of the overall HiPOx system 

. performance ,and recommendations for continued utilization of tlW HiPOx system for 1,4-
,dioxane treatment and either air-stripping orliquid-phase GAC for polishing of residual CVOCs 
in the HiPOx effluent. ' 

Regul€ltor comments to the draft HiPOx Pilot Test Report will be addressed during the remaining 
two months of the pilot test period. ' Regulator comments will be inGorPorated into the final 
HiPOx Pilot TestReport'together with analytical data and system performance records collected 
during the last two months of the pilot testing; period. The final HiPOx Pilot Test Report will 
inchidt;: updated recommendations for long-term lA-dioxane treatment and CVOC polishing if 
necessary based on data collected following the draft report. ' 

J 

Building 50 
Naval Ait Station Brunswick, Maine 

u 

,'HiPOx Pilot study Work Plan 
, Groundwater Extraction and Treatment System 



n 

~ EJ 

o 
II 

:-[ 
I 

C( 

U 
Q
~ 

;' .. '~.'.' 
" 

11 u 

i·1 
~.l 

\ 

FIGURES 

't. 



I 
. 'J 

J 
Contract. No. N67.472-02-D-0810 

Description NAS Brunswick, ME 

Coordlnat. NAO 1983, UTM, Zone 19 N 

system In meters 

Sources Naval Base Boundary 

provided by Navy. 

Dale 7-0CT-2009 Rev. Date 

DB C. Guido, 
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Figure 1-1 

Site Location Map 
Building 50 

GIS Server 

Naval Air Station 
Brunswick, Maine 

C:~NAW _GIS\T007 _BrunswICk\SJle1 and3\MapDocuments 
\PiloITesLWP\FIg1-1_Sltel ocus,mxd e 

750 1,500 3,000 
Feet 



.j 

I 
I I 

~ ) 

1 
·1 

·1 

I 
,J 

~ 
I 

.1 

NOTE: 

TO t ATMOSPHERE 6 A 

TO 7 INFILTRATION 
VAPOR-PHASE VAPOR-PHASE 5A 

BOOSTER 
BLOWER SHALLOW cO PRIMARY _ ..... ~ GALLERY 

CARBON 
ADSORBER 

AIR COMPRESSOR 
UNIT NO. 14A 

CARBON 
ADSORBER .. §IT] 

C[J) 
AIR 

STREAM 
HEATER 

SLUDGE PRESS 
UNIT NO.9 

TRAY 
AIR 

STRIPPER 

~ 

I 
I TRAY I 

MAINTENANCE 
I AREA I 
L_~ 

COMPRESSED 
AIR RECEIVER o 

BLOWER 

~ ..2 ~a 
o 5 0 0 
AIR PARTICULATE 

..... 

..... 

STRIPPER BAG 
TRANSFER FILTERS 

·PUMPS 

4 

STORAGE 
ROOM 

~ 

3t 

ELECTRICAL 
ROOM 

TREATED GROUNDWATER 
DISCHARGE LINE \ 

BACKWASH PUMPS 
10A-1 & 10A-2 

o 0 

o ~:H:t:$+rr~4-t+u UV/OXIDIZER 
UNIT NO.9 

CAUSTIC SODA 
TANK NO. 18 

~~'NOPU~~ lDl 
~ ~~E~OPU~P 

INCLINED PLATE 
CLARIFIER 

UNIT NO.4 

TANK NO. 7A QO KMn04 

GREENSAND FILTER 
WETWELL NO. 5 

c==J 

c==J 
2·0000 

TRANSFER PUMPS 
7B-1 & 78 - 2 

~ 
GROUNDWATER INFLUENT LINE 

FROM EASTERN PLUME 

SAND FILTERS 
UNITS NO. 6 & 8 

ACTIVE GWETS COMPONENTS SHOWN IN MAGENTA. 

PROJECT MANAGER I DESIGNED BY I DRAWN BY 

FIGURE 1-2 I ACE CJV CJV ECC 
33 BOSTON POST ROAD WEST, SUITE 340 EXISTING GROUNDWATER EXTRACTION AND TREATMENT SYSTEM 

MARLBOROUGH, MA 01752 

BUILDING 50, NAVAL AIR STATION BRUNSWICK, MAINE I SCALE I DATE I PROJECT NO. 

NTS 23 JULY 2009 5564.001 

I CHECKED BY 

ACE 

I FILE NO 

GWETSLAY.DWG 



FIGURE 1-3 
Schematic View of GWETS with Air-Stripper and GAC 
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FIGURE 1-7 
Schematic View of GWETS with HiPOx and Liquid-Phase GAC 
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. Sample . Laboratory Analysis QA/QC'Samples '-.. Total Laboratory Analysis 
Task . Sample Location F.requency VOGs (8260B) 1 ,4-dioxane (8260BSIMs) .. Trip Blank Duplicate MS/MSD. VOG l,4-Dioxane Total 0 

1 
3-Day Prove Out Influent 2 saITlQle/d~ x 3 d<lY§. 6 6 0 0' 0 6 6 12 

After HiPOx.. 2 sample/day x 3 days 6 6 O. 0 '0 6 6 12 
Effluent 2 sample/dilY x 3 davs 6 6 3 3. 3 18 18 36 

2 Influent '1 :samplelweekx 12 wks 12 12 , 0 0 0 - 12 12 24 
. 12 Week Pilot Period After HiPOx , lsample/week x 12 wks 12 12 0 0 0 12 12 24 

Effluent 1 sample/week x 12 wks 12 12 12 12 ~ 1 38 38 76 

3 Influent to GAG 1 sample on First Day 1. 1 0 0 0 1 1 2 
Liquid~Phase GA~ Mid-Point GAG 1 sample on First Dav 1, 1 0 0 0 1 1 2 
During Week ,2 of Plant Effluent" 1 sample/d~ x 4 d~s 4 4 0 0 o ~ 4 4 8 

. Pilot Test 

98 98 196 
Nptes: -
1) Trip and Dupli.cate samples require separate analyses for VOGand l,4-dioxane. 
2) MS/MSD inCludes tWo analyses~ . 
• During the liquid-phase GAG testing, plant effluent samples will b~ collected every day for 5 days, only 4 samples are shown because 1 is included with weekly sampling. '. 
:& The 3-Day prove Oul'Saniples will be submitted' for 3 day turn around time with the analytical laboratory. . 

Building 50 

Naval Air S~tion Brunswick, Maine Groundwater Extiaction and Treatment System 

CD c=J ===:J 
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APT CUT-SHEETS AND HiPOx DESIGN DRAWINGS 
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HCU 
The HiPOx HCU is an advanced oxidation 
system that combines ozone and hydrogen 
peroxide to destroy groundwater 
contaminants in a continuous flow reactor. 
The system utilizes multiple reagent 
injection points and mixers to maximize 
contaminant destruction in a waste-free 
process. 
 
The HCU is a compact skid-mounted unit 
with a footprint ideal for very small spaces.  
Low-to-medium ozone capacities make the 
HCU appropriate for low-flow sites with 
low-to-moderate contaminant 
concentrations.   

 
 PLC control system provides for 
unattended and automated operation  

 Fail-safe operation  
 Automatic paging in event of shutdown 
 Operating set points adjusted via local 
Operator Interface Terminal (OIT) or 
remotely via modem with optional 
SCADA package 

 
 
 
 
 
 

STANDARD SPECIFICATIONS  

Flow Rate 3 – 160 GPM 
Ozone Capacity Up to 20 lbs/day 
Dimensions 8’L x 4’6”Wx 7’6”H 
Weight Approx. 4,500 lbs 
Electrical 
Requirements 

208VAC, 3Ø or 240VAC, 1Ø, 60 
Hz, 55A maximum 

Power 
Consumption 

7-13 kW 

SYSTEM CONFIGURATION AND FEATURES  

Enclosure/Skid Galvanized-skid platform; weather-
resistant enclosure; corrosion-
resistant piping; NFPA signage; 
power and process connections 
conveniently located to facilitate 
quick installation 

Safety Shop tested; ozone detector and 
destruct unit; fail-safe shutdown 
features; all ozone-containing piping 
is joint-free or (double-)contained 
within monitored enclosures 

 
Applied Process Technology, Inc.
Clean Water. No Waste.
Applied Process Technology, Inc.
Clean Water. No Waste.

HiPOx HCU 
Advanced Oxidation System



 

 

  Waste-Free Contaminant Destruction 
 Scalable Process for Predictable Results 
 Highly-Effective, Low-Cost Solution 

 
 

 
OZONE GENERATION / DISTRIBUTION SYSTEM*  

Generator Capacity Up to 20 lbs/day** 
Concentration 8% – 10% by weight 
Injection Capacity 5 – 150 mg/L ozone dose 
Injection Piping PFA Teflon™ 
*includes rack-mounted, solid-state ozone generator(s), ozone 
manifold with metering and check valves, automatic pressure 
control and shutoff valve 
**uses oxygen from liquid oxygen dewars or produced by oxygen 
generation system 

Applied Process Technology, Inc. 
3333 Vincent Road, Suite 222, Pleasant Hill, CA 94523 

tel: 925-977-1811 ·  fax: 925-977-1818  ·  toll free:  1-888-307-2749 
www.aptwater.com   ·   info@aptwater.com 

 

 
 

OXYGEN SYSTEM*  

Standard Supply Liquid-oxygen Dewar cylinders 
Size 160 – 265 liters 
Concentration 99.9+%vol (Grade 6) 
 
Optional Supply PSA**-enriched gas 
Concentration 90+%vol (-70ºF dew point) 
*oxygen flow controller included; optional gas manifold available 
**Pressure-Swing Adsorption 

 
 

 
 
 

REACTOR SYSTEM*  

Flow Rate 3 – 160 GPM 
Reactor 
Construction 

PVC piping with internal static mixers 

Reagent Control Reagent addition precisely controlled 
and adjusted as needed at each injector  

*includes gas/liquid separator and inlet flow meter; optional feed 
tank, pump and recycle valve also available 

 
 

 

COOLING SYSTEM  

Method Refrigerated package chiller with 
outdoor condenser 

HYDROGEN PEROXIDE SYSTEM*  

Storage 25-gallon, non-metallic tank 
Concentration 5% – 35% technical grade  
Injection Piping Polyethylene 
*injection system included  

 Multiple ozone injection points 
maximize process efficiency and 
contaminant destruction  

 Precision instrumentation for 
accurate reagent control 

 One-button startup and shutdown; 
touchscreen control display for ease 
of operation 

 
™Teflon is a registered trademark of the DuPont Co. 
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RACK OZONE DEMAND: 18 (Pounds/day)
No. Item Tag Platform Switched Volts Phase RMS L1 L2 L3 HP kWatts PF kVA

### AX-8407 Generator, (18.5 ppd) X-401 Skid Y 208 3 0.0 0.0 0.0 0.0 0.0 0.0 0.98 0.00
### AX-8406 Generator, (11.64 ppd) X-401 Skid Y 208 3 0.0 0.0 0.0 0.0 0.0 0.0 0.98 0.00
### AX-8403 Generator, (8.5 ppd) X-401 Skid Y 208 3 20.8 20.8 20.8 20.8 9.8 7.3 0.98 7.48
### AX-8402 Generator, (6.6 ppd) X-401 Skid Y 208 1 0.0 0.0 0.0 0.0 0.0 0.0 0.98 0.00

2 Control Power MCP-900 Skid N 120 1 5.8 5.8 0.0 0.88 0.66 0.95 0.69
3 Metering Pump(s) 1 P-801 Skid Y 120 1 1.0 1.0 0.0 0.15 0.11 0.95 0.12
4 Peroxide Flowmeter(s) 1 FT-801 Skid N 120 1 0.5 0.5 0.0 0.08 0.06 0.95 0.06
5 Ozone Destruct Heater X-601 Skid Y 120 1 1.3 1.3 0.0 0.20 0.15 0.95 0.16
6 Receptacles (12A max) na Skid N 120 1 12.0 12.0 1.83 1.37 0.95 1.44
7 Cooling Fan F-950 Skid N 120 1 0.0 0.0 0.0 0.00 0.00 0.70 0.00

27.0 23.1 32.8 13.0 9.7 9.9
### Feed Pump P-90 Skid Y 208 3 8.9 8.9 8.9 8.9 3.0 2.2 0.70 3.20
### Sump Pump P-100 Skid Y 208 1 0.0 0.0 0.0 0.0 0.5 0.0 0.70 0.00
### Forwarding/Booster Pump P-201 Skid Y 208 3 0.0 0.0 0.0 0.0 0.0 0.0 0.70 0.00
### Cooling Pump P-500 Skid Y 208 1 0.0 0.0 0.0 0.0 0.0 0.0 0.70 0.00
### Chiller (rated tons capacity) 2 X-500 Skid Y 208 3 14.7 9.8 9.8 9.8 5.0 3.7 0.70 5.31
TRUE PSA Oxygen Generator X-700 Skid N 120 1 1.0 0.0 1.0 0.0 0.0 0.00 0.95 0.00
TRUE PSA Refrig. Air Dryer D-700 Skid N 208 3 0.1 0.0 0.0 0.0 0.0 0.0 0.70 0.04
TRUE PSA Air Compressor C-700 Skid N 208 3 22.0 22.0 22.0 22.0 5.0 5.5 0.70 7.91
### HVAC 0 H-900 Container N 208 1 0.0 0.0 0.0 0.0 0.0 0.95 0.00
### Lighting (12A max) 1 na Container N 120 1 0.0 0.0 0.50 0.0 0.95 0.00
### Receptacles (12A max) na Container N 120 1 0.0 0.0 1.83 0.0 0.95 0.00

40.7 41.7 40.7 15.8 11.5 16.5
67.7 64.7 73.4 28.8 21.2 26.4

### Ozone Generator (lbs/day) 0 X-450 Skid N 208 3 0.0 0.0 0.0 0.0 0.00 0.0 0.92 0.00
### Nitrogen Generator X-452 Skid N 208 3 0.0 0.0 0.0 0.0 0 0.0 0.70 0.00
### Chiller (tons) 0.0 X-500 Skid N 208 3 0.0 0.0 0.0 0.0 0.0 0.0 0.54 0.00

0.0 0.0 0.0 0.0 0.0 0.0
MODEL G/H PPD KW(CW) AMPS EFF% KW KW/G CB KW/PPD

Rack Generators Required = 2.1 (3 operating at 71%) Rack Cooling Required = 4.7 kW (1.3 tons nom./1.9 tons max.)

Primary Voltage = 208 VAC, 3-phase Secondary Voltage = 208 VAC 3 Phase
Prinary Load = 26.4 kVA (208 VAC) Secondary Load = 26.4 Kva (208 VAC/208 VAC) 125%
Prinary Load = 21.2 kW Secondary Load = 21.2 kW
Primary Current = 73.3 Amps @ 208 VAC Secondary Current = 73 Amps @ 208 VAC Minimum Transformer Size = 33.0 kVA
NOTES:
1 Max Current @ 208 V - 68 Amps
2

NEC Design factor =

OPTIONAL FEATURES

OPTIONAL 120/208-VAC LOAD:

OPTIONAL 208-VAC LOAD:

TOTAL 120/208-VAC LOAD:OPTIONAL INDUSTRIAL GENERATOR

Stepdown TransformerService Entrance

STANDARD FEATURES

STANDARD 120/208-VAC LOAD:

J1136 ELECTRICAL LOAD

LoadAmp Load Balance

 LOAD FOR 208VAC/3ph/60Hz SERVICE

APT Confidential Page 1 of 1
Electrical Load List
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APPENDIX B 
 

SCHEDULE 
 



ID Task Name Duration Start Finish

1 Pilot Study Work Plan 60 days Thu 7/9/09 Wed 9/30/09

2 Generate Work Plan 13 days Thu 7/9/09 Mon 7/27/09

3 H&S review of draft work plan 4 days Tue 7/28/09 Fri 7/31/09

4 Internal Draft for Navy Review 5 days Mon 8/3/09 Fri 8/7/09

5 Navy review and comment revised WP 4 days Mon 8/10/09 Thu 8/13/09

6 Address Navy Comments and Revise Work Plan 4 days Fri 8/14/09 Wed 8/19/09

7 Issue Draft Work Plan to Regulators 1 day Thu 8/20/09 Thu 8/20/09

8 Regulatory Review and Comments 15 days Fri 8/21/09 Thu 9/10/09

9 Prepare Response to Comments 7 days Mon 9/14/09 Tue 9/22/09

10 Issue RTCs for regulatory review 1 day Wed 9/23/09 Wed 9/23/09

11 Regulator Review RTCs & Concurrence 4 days Thu 9/24/09 Tue 9/29/09

12 Prepare Final Work Plan 4 days Thu 9/24/09 Tue 9/29/09

13 Issue Final Work Plan 1 day Wed 9/30/09 Wed 9/30/09

14

15 Execute Pilot Study 134 days? Fri 7/3/09 Wed 1/6/10

16 Kick-off Meeting for Pilot Study 1 day Mon 9/28/09 Mon 9/28/09

17 HiPOx Design Drawings Review 5 days Tue 7/21/09 Mon 7/27/09

18 Navy Approval of HiPOx Unit Drawings 1 day? Tue 7/28/09 Tue 7/28/09

19 Order and Build HiPOX Unit 57 days Fri 7/3/09 Mon 9/21/09

20 Install Concrete Pad for HiPOX Unit 2 days Wed 9/9/09 Thu 9/10/09

21 Receive and Sercure HiPOX Unit 1 day Thu 9/24/09 Thu 9/24/09

22 Extraction Well EW-5B Start Up 1 day? Tue 9/29/09 Tue 9/29/09

23 Mechanical 5 days Mon 9/28/09 Fri 10/2/09

24 Electrical 5 days Mon 9/28/09 Fri 10/2/09

25 SCADA 3 days Wed 9/30/09 Fri 10/2/09

26 APT calibration of HiPOX Unit 2 days Mon 10/5/09 Tue 10/6/09

27 Test Run of HiPOX Unit - 3 Days 3 days Wed 10/7/09 Fri 10/9/09

28 Laboratory analysis of Test Run samples 3 days Mon 10/12/09 Wed 10/14/09

29 Transmit Test Run Data to Stakeholders 1 day Thu 10/15/09 Thu 10/15/09

30 Stakeholder Review of Test Run Data 2 days Fri 10/16/09 Mon 10/19/09

31 Navy Approval to Operate HiPOX 1 day Tue 10/20/09 Tue 10/20/09

32 Cease discharge to BSD 1 day? Tue 10/20/09 Tue 10/20/09

33 Week 1 Sample and Analysis Influent & Effluent 1 day Wed 10/21/09 Wed 10/21/09

34 Week 2 Sample and Analysis Influent & Effluent 1 day Wed 10/28/09 Wed 10/28/09

35 Air Stripper Shut Down Test 5 days Mon 10/26/09 Fri 10/30/09

36 Week 3 Sample and Analysis Influent & Effluent 1 day Wed 11/4/09 Wed 11/4/09

37 Week 4 Sample and Analysis Influent & Effluent 1 day Wed 11/11/09 Wed 11/11/09

38 Week 5 Sample and Analysis Influent & Effluent 1 day Wed 11/18/09 Wed 11/18/09

39 Week 6 Sample and Analysis Influent & Effluent 1 day Tue 11/24/09 Tue 11/24/09

40 Week 7 Sample and Analysis Influent & Effluent 1 day Wed 12/2/09 Wed 12/2/09

41 Week 8 Sample and Analysis Influent & Effluent 1 day Wed 12/9/09 Wed 12/9/09

42 Week 9 Sample and Analysis Influent & Effluent 1 day Wed 12/16/09 Wed 12/16/09

43 Week 10 Sample and Analysis Influent & Effluent 1 day Mon 12/21/09 Mon 12/21/09

44 Week 11 Sample and Analysis Influent & Effluent 1 day Tue 12/29/09 Tue 12/29/09

45 Week 12 Sample and Analysis Influent & Effluent 1 day Wed 1/6/10 Wed 1/6/10

46

47 Pilot Study Completion Report 86 days Wed 12/9/09 Wed 4/7/10

48 Generate Completion Report 11 days Wed 12/9/09 Wed 12/23/09

49 H&S review of Completion Report 4 days Thu 12/24/09 Tue 12/29/09

50 Internal Draft for Navy Review 10 days Wed 12/30/09 Tue 1/12/10

51 Address Navy Comments and Revise Report 5 days Wed 1/13/10 Tue 1/19/10

52 Issue Draft Report to Regulators 1 day Wed 1/20/10 Wed 1/20/10

53 Regulatory Review and Comments 33 days Thu 1/21/10 Mon 3/8/10

54 Prepare Response to Comments 5 days Tue 3/9/10 Mon 3/15/10

55 Regulator Review RTCs & Concurrence 10 days Tue 3/16/10 Mon 3/29/10

56 Prepare Final Report 6 days Tue 3/30/10 Tue 4/6/10

57 Issue Final Report 1 day Wed 4/7/10 Wed 4/7/10

8/20

9/30

7/28

3/22 3/29 4/5 4/12 4/19 4/26 5/3 5/10 5/17 5/24 5/31 6/7 6/14 6/21 6/28 7/5 7/12 7/19 7/26 8/2 8/9 8/16 8/23 8/30 9/6 9/13 9/20 9/27 10/4 0/1 0/1 0/2 11/1 11/8 1/1 1/2 1/2 12/6 2/1 2/2 2/2 1/3 1/10 1/17 1/24 1/31 2/7 2/14 2/21 2/28 3/7 3/14 3/21 3/28 4/4 4/11
April May June July August September October November December January February March April

Task

Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline

Page 1

Project: dioxane pilot study schedule R
Date: Fri 9/25/09
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1.0 BACKGROUND INFORMATION 
 
1.1 Project Background 
Applied Process Technology, Inc. (Applied) was contracted by Environmental Chemical 
Corporation (ECC) to perform HiPOx laboratory testing for the removal of 1,4-dioxane and 
chlorinated solvents in groundwater at the Ground-Water Extraction and Treatment System 
(GWETS) at the Brunswick Naval Air Station in Brunswick, ME.  Two samples of untreated 
groundwater, collected from the site, was shipped by ECC to Applied’s Pleasant Hill facility on 
February 17, 2009 and received on February 18, 2009.  Bench testing was conducted on 
February 19, 2009 with analytical samples shipped out the same day. 
 
1.2 HiPOx Technology 
The HiPOx process developed by Applied is an Advanced Oxidation Process (AOP) that uses 
ozone (O3) and hydrogen peroxide (H2O2) to destroy organic compounds.  Ozone dissociates, as 
well as reacts with hydrogen peroxide to produce an intermediate hydroxyl radical (•OH).  
Hydroxyl radicals are the second most powerful oxidizing agent found in nature, and the 
strongest oxidizing agent available for water treatment.  These radicals react very rapidly to 
oxidize organic contaminants to non-hazardous compounds, carbon dioxide, and water.1  The 
oxidation of the organic contaminants does not significantly increase the temperature or pressure 
of the treated water because of the low mg/L or sub-mg/L concentration of contaminants and the 
high heat capacity of the water. 

Advanced oxidation chemistry using ozone and hydrogen peroxide to create hydroxyl radicals is 
a well known base-catalyzed reaction.  The overall balanced reaction for ozone and hydrogen 
peroxide to yield hydroxyl radical is: 

2O3 + H2O2 → 2•OH + 3O2 

1.3 Project Specific Information 
The following is site specific information regarding this project: 
 

• Estimated Total Flow Rate = 55-75 gpm; 
 
• Estimated Maximum Influent 1,4-dioxane  Concentration = 200 ug/l; 

 
• 1,4-dioxane  Treatment Objective < 10 ug/l. 

 
1.4 Objective of Evaluation 
The objective of this laboratory trial was to evaluate HiPOx in the AOP mode for the destruction 
of 1,4-dioxane and VOCs.   
 
The primary goals of this evaluation were to determine the following information: 
 

• Dosing levels of ozone and hydrogen peroxide in a HiPOx reactor to reduce the  

                                                 
1 W. Glaze and J. Kang, J.Amer. Water Works Assoc., 80, 51, (1988). 
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concentration of 1,4-Dioxane to below the discharge concentration limit; 
 

• Effectiveness of HiPOx to destroy VOCs (Chlorinated ethanes and ethenes) in 
groundwater 
 

 
2.0 TEST EQUIPMENT AND PROCEDURES 
 
2.1 Test Equipment Description  
A schematic of the HiPOx lab-test reactor arrangement is shown in Figure 1. 

 

Figure 1: HiPOx Lab-Test Reactor Schematic 

Applied’s semi-continuous bench-scale test unit includes an ozone generator, ozone analyzer, 
ozone injector, static mixer, tubular reactor, recirculation pump, gas-liquid separator, and 
thermo-catalytic ozone destruct unit. The reactor and piping materials are constructed of 
Schedule-40 clear PVC. Oxygen and ozone tubing are constructed of 316L stainless steel or PFA 
(Teflon™2). The ozone generator is an ASTeX Model 8200. The ozone analyzer is an INUSA 
Model H1-X. The ozone destruct unit is an INUSA part number 810-0062-01. The mixer is a ½”, 
four-element, Kenics KMA static mixer insert. 

 

                                                 
2 Trademark of the Dupont Company. 
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2.2 Test Procedures 
Experimental and equipment settings for the bench test are listed in Attachment 1 of Lab-Test 
Conditions.  

Pre-Test Preparation: Prior to conducting the test, the ozone destruct unit was turned on and 
preheated for ten (10) minutes. The flow of oxygen through the ozone generator was adjusted 
using the oxygen rotameter and the generator pressure was adjusted using the backpressure 
regulator. The ozone analyzer was zeroed using pure oxygen prior to turning on the ozone 
generator.  The lab-test unit (hereinafter referred to as “reactor”) was charged with 2.0 liters of 
distilled water prior to the first run. The ozone generator and the reactor were then operated at 
maximum dosing conditions for 15-20 minutes to both clean the reactor and to set/adjust 
equipment parameters. Following completion of the pre-test operation, the reactor was drained 
and rinsed with an additional 2.0 liters of distilled water.  

Applied received two sets of 2.5 gallons of untreated water. First 2.5 gallon water collected from 
Well5B and second 2.5 gal was mixture of GWETS influent and Well5B water. 

The selected test ozone doses were 4, 8, 12 and 20 mg/l for Well5B water as shown in 
Attachment 1.  Applied ozone doses of 3, 6, 9 and 15 mg/L were selected for blended water. All 
runs were performed at a fixed hydrogen peroxide: ozone mole ratio (MR) of 0.7.  

Sample Preparation: For each run, a graduated cylinder was filled to 2 liters with untreated 
sample water. The entire content of the graduated cylinder was charged to the reactor.  During 
AOP testing hydrogen peroxide was added to the sample prior to charging the reactor. 

Test Operation: For each run, the pump was started, to purge air from the reactor during a brief 
period of re-circulation and mixing.. The water rotameter was set to 3 gallons/minute. With the 
ozone generator venting to the ozone destruct unit, the generator power dial was set to achieve 
the ozone concentration listed in the Attachment 1 as measured by the ozone analyzer. When the 
ozone concentration was stabilized, the generator output was directed to the reactor. After the 
appropriate amount of ozone (dose) had been added to the reactor, the generator output was re-
directed to the ozone destruct and samples were collected for dissolved ozone residual, hydrogen 
peroxide residual, temperature, pH, alkalinity and turbidity measurements. 

Sample Collection: Sample pH, alkalinity and turbidity were measured and recorded for the 
untreated water.  Samples of the raw water were collected for 1,4-dioxane and general minerals.  
After each test run, samples were immediately measured and reported for dissolved ozone 
residual, dissolved hydrogen peroxide residual, pH, alkalinity, temperature, and turbidity.  After 
each test run, samples were collected for 1,4-dioxane. In addition, one sample from Well5B 
water and two samples from blended water were collected for Chemical Oxygen Demand 
analysis. At the completion of testing, the samples were properly preserved, packed with blue 
ice, and sealed in sample coolers with completed chain-of-custody forms.  Samples collected for 
1,4-dioxane, chemical oxygen demand and general mineral  analyses were shipped to Accutest 
Laboratories as designated by ECC. 

Confidential  3/20/2009 3
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Analyses: All analyses were performed by Accutest Laboratories located at 3334 Victor Court, 
Santa Clara, CA 95054. Analytical results for both treated and untreated samples were provided 
to ECC which were subsequently forwarded to Applied. 

Applied’s laboratory measurements were performed with the following equipment:  The 
turbidity meter used was an Orbeco-Hellige Model 965-10 Serial # 2222.  The pH was measured 
with an Oakton Model pH Tester 3+.   Alkalinity was measured using a Hach 5-EP test kit.  
Ozone residual was measured using a Hach Ozone AccuVac test kit.  Hydrogen peroxide 
residual was measured using a Hach HYP-1 test kit. 

3.0 RESULTS 
Analytical results of the test are summarized in Attachment 2.  Dose-response figures for 1,4-
dioxane destruction at a fixed MR of 0.7 are presented in Attachment 3A and 3B. Dose-
response figures for DCE and TCE at a fixed MR of 0.7 are presented in Attachment 4A and 
4B. DCA and TCA dose-response figures are presented in Attachment 5A and 5B. All 
supporting third party analytical data reporting is provided in Attachment 6.   

 
4.0 DISCUSSION 

 
4.1 Destruction of 1,4-dioxane 
The concentration of 1,4-dioxane in the untreated Well5B water was reported to be 101 ug/L 
using EPA method 8260SIM.  An applied ozone dose of 4 mg/L was able to destroy 1,4-dioxane 
to non-detect levels. A 1,4-dioxane destruction curve was generated from the lab-testing results.  
The destruction curve can be used to approximate the dosing levels required to achieve the 
treatment objectives across a range of 1,4-dioxane concentrations within the limitations of the 
model.  The destruction curve presented in Attachment 3A is used to develop an empirical 
model that can be used to estimate the amount of ozone and hydrogen peroxide required to treat 
varying influent concentrations.  
 
The concentration of 1,4-dioxane in the untreated blended water was reported as 22.8 ug/L using 
EPA 8260SIM. An applied ozone dose of 3 mg/L lowered the 1,4-dioxane concentration to 1.3 
ug/L and the applied ozone dose of 6 mg/L destroyed 1,4-dioxane to non-detect level. 1,4-
dioxane destruction curve was also generated for blended water using laboratory analysis data. 
The destruction curve is presented in Attachment 3B. 
 
Based on the model generated, for blended water, it is estimated that an ozone dose of 
approximately 5-6 mg/l would be needed to reduce 1, 4-dioxane levels from 200 ug/L to <10 
ug/L at a fixed MR of 0.7.  
 
4.2 Destruction of VOCs 
Volatile Organic Compounds were mostly destroyed during the benchtest with 3 mg/L and 4 
mg/L of applied ozone dose for well and blended water respectively. The destruction curves for 
1,1 DCE and TCE are presented in Attachments 4A and 4B. HiPOx is not very effective in 
destroying 1,1,1-TCA. 1,1,1-TCA in untreated well water was reported to be 567 ug/L. An 
applied ozone dose of 20 mg/L was able to lower the 1,1,1-TCA concentration to 317 ug/L. 
Blended water 1,1,1-TCA concentration was reported by lab as 100 ug/L and an applied ozone 
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dose of 15 mg/L lowered the 1,1,1-TCA concentration to 61.6 ug/L. 1,1,1 TCA and 1,1 DCA 
destruction curves are presented in Attachment 5A and 5B. 
 
 
 
4.4 Dosing Projections for Full-Scale System  
The lab-test data was used to develop a mathematical model for the destruction of aggregate 
concentrations of 1,4-dioxane in AOP mode. The model is accurate within the limitations of the 
data generated from this lab test.   
 
DESIGN CONDITIONS & MODEL 
 
Influent 1,4-dioxane Concentration = 200 ug/l 
1,4-dioxane Treatment Objective = < 10 ug/l 
Based on the above design conditions, the model projects the following: 
Ozone Dose = 5-6 mg/L 
MR = 0.7 
Hydrogen Peroxide Dose = 3-4 mg/L 
 
5.0 CONCLUSION 
The lab testing results demonstrate that HiPOx operated in the AOP mode is capable of 
destroying 1,4-Dioxane to <10 ug/l while successfully destroying chlorinated ethenes present in 
the water.   
 
Chlorinated ethanes will be partially treated by HiPOx at the ozone doses suitable to treat 1,4-
dioxane and chlorinated ethenes. 5 mg/L ozone dose reduced DCA concentration approximately 
44 % in Well 5B water. DCA reduction was approximately 28 % in blended water at 5mg/L of 
applied ozone dose. TCA was reduced approximately 24 % in Well 5B water with an applied 
ozone dose of 5 mg/L. At 5 mg/L ozone dose, TCA reduction was not significant in blended 
water.  
 
The lab testing results indicate that HiPOx operating in the AOP mode at an ozone dose of 
approximately 5 mg/L and a MR of 0.7 will provide the most cost-effective treatment at the 
design condition specified by ECC.   
 
End of Report 
 
6.0 ATTACHMENTS 
 

 
ATTACHMENT 1  Bench Test Conditions 
ATTACHMENT 2                  Bench Test Analytical Results 
ATTACHMENT 3A-3B 1, 4-Dioxane Destruction Curves 
ATTACHMENT 4A-4B        DCE and TCE Destruction Curves 
ATTACHMENT 5A-5B        DCA and TCA Destruction Curves 
ATTACHMENT 6                 Third Party Analytical Data 
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ATTACHMENT 1 
 
 

 
  Conditions Calculated Value 

Sample ID # Run # 

Ozone 
Dose 

(mg/L) Mole Ratio 

H2O2 
Conc 
(wt%) 

Reactor 
Volume 

(L)  

Ozone 
Conc. 
(wt%) 

Oxygen 
Flowrate 
(mls/min) 

Oxygen 
Density 

(g/L) 
mg 

Ozone 
mMoles 
Ozone mg H2O2 

mMoles 
H2O2 H2O2 (mg/L) 

Volume 
H2O2 
(mls) 

P2180W-SP-4 1 4 0.70 0.50 2.00 2.00 180.7 1.328 8 0.167 3.967 0.117 1.983 0.79 
P2180W-SP-8 2 8 0.70 0.50 2.00 4.00 180.7 1.328 16 0.333 7.933 0.233 3.967 1.59 

P2180W-SP-12 3 12 0.70 0.50 2.00 6.00 180.7 1.328 24 0.500 11.900 0.350 5.950 2.38 
P2180W-SP-20 4 20 0.70 0.50 2.00 10.00 180.7 1.328 40 0.833 19.833 0.583 9.917 3.97 
P2180B-SP-3 5 3 0.70 0.50 2.00 2.00 135.5 1.328 6 0.125 2.975 0.088 1.488 0.60 
P2180B-SP-6 6 6 0.70 0.50 2.00 4.00 135.5 1.328 12 0.250 5.950 0.175 2.975 1.19 
P2180B-SP-9 7 9 0.70 0.50 2.00 6.00 135.5 1.328 18 0.375 8.925 0.263 4.463 1.79 
P2180B-SP-15 8 15 0.70 0.50 2.00 10.00 135.5 1.328 30 0.625 14.875 0.438 7.438 2.98 
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ATTACHMENT 2 
 
 

Lab Analytical Run Sheet 

Sample ID # 
Run 

# 

Ozone 
Dose 

(mg/L) 
Mole 
Ratio pH 

Alkalinity 
(mg/L) 

Turbidity 
(NTU) Temp 

Ozone 
Residual 
(mg/L) 

H2O2 
Residual 
(mg/L) 

EPA 
8260SIM 

1,4-d 
(ug/L)  

1,1 
DCE 

(ug/L) 

TCE 
(ug/L) 

1,1 
DCA 
(ug/L) 

1,1,1 
TCA 

(ug/L) 

P2180W-SP-0       6.70 80 2.14 15.0 0.00 0.0 101.0 140.0 336.0 49.8 567 
P2180W-SP-4 1 4 0.70 6.50 80 2.03 15.2 0.00 2.0 ND ND ND 27.9 431 
P2180W-SP-8 2 8 0.70 6.30 80 2.25 14.8 0.70 2.0 ND ND ND 18 429 

P2180W-SP-12 3 12 0.70 6.40 80 2.60 13.1 0.20 2.0 ND ND ND 11 400 
P2180W-SP-20 4 20 0.70 6.40 80 2.50 14.6 0.35 2.0 ND ND ND 3.9 317 
P2180B-SP-0       6.80 60 0.62 10.2 0.00 0.0 22.8 24.6 70.6 7.1 79.4 
P2180B-SP-3 5 3 0.70 6.80 60 0.65 14.1 0.10 0.5 1.3 ND ND 7.1 79.4 
P2180B-SP-6 6 6 0.70 6.50 60 0.58 13.9 1.40 2.0 ND ND ND 5.1 72.3 
P2180B-SP-9 7 9 0.70 6.40 60 0.60 13.9 1.30 2.0 ND ND ND 3.8 71.2 
P2180B-SP-15 8 15 0.70 6.50 60 0.73 14.6 1.00 2.0 ND ND ND 1.8 61.6 
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1,4-Dioxane Concentration vs Applied Ozone Dose
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1,4-Dioxane Concentration vs Applied Ozone Dose
Blended
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1,1 DCE Concentration  vs Applied Ozone Dose
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ATTACHMENT 4B 
 
 
 

TCE Concentration vs Applied Ozone Dose
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ATTACHMENT 5A 
 
 

1,1 DCA Concentration vs Applied Ozone Dose
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ATTACHMENT 5B 
 
 

1,1,1 TCA Concentration vs Applied Ozone Dose
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ATTACHMENT 6 
 
 
 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
 

HiPOx COMMISSIONING CHECK LIST 



  

CUSTOMER PRE-STARTUP CHECKLIST - HiPOx 
  

 
/22/06      Page 1 of 1 

Applied Process Technology, Inc., 3333 Vincent Road, Suite 222, Pleasant Hill, CA 94523 Tel: (925) 977-1811   Fax: (925) 977-1818    www.aptwater.com 

The installation tasks listed below need to be completed by the Customer before Applied Process Technology, Inc., (Applied) 
personnel can commission and startup the HiPOx advanced oxidation system. Applied requests that the Customer complete 
the installation tasks, initial and sign the form, and fax it to the Applied Service Coordinator at 925-977-1818. If any of the 
listed tasks have not been satisfactorily completed prior to Applied’s arrival at the site for equipment startup, the Customer 
may incur additional charges in order for Applied to complete the tasks or to reschedule the site visit.  Applied requests a 
minimum of ten (10) business days advance notice for rescheduling startups. 
 
Customer: _________________________________ Site Address: _____________________________________ 

 
Contact Name: _____________________________ Phone Number(s): _________________________________ 

 
Requested Startup Date: _____________________ Delivery Date: ____________________________________ 

 

Pre-Startup Task Initial when 
Complete 

1. All permits and regulatory agency approvals required to allow installation, start-up and operation of the HiPOx 
system and to allow discharge of properly treated water are in place. 

 

2. The equipment pad, site security, fencing, enclosure, weather protection, up-stream/down-stream equipment, and/or 
associated equipment are in place and operational as specified. Temporary water storage required for startup, if 
any, is in place. 

 

3. The HiPOx equipment is placed, anchored and level in its final location.  

4. All plumbing connections to the HiPOx unit are installed and tested to verify there are no leaks.  Including: 
- Feed water (influent) connection. 
- Product water (effluent) connection to break tank, drain, or downstream equipment. 

 

5. Oxygen dewars, LOX bulk tank, or PSA are in place and connected to the HiPOx system.  

6. A 55-gallon drum or bulk tank of technical grade hydrogen peroxide (at specified strength) is on-site and stored in 
secondary containment.  DO NOT FILL THE HIPOX ON-BOARD HYDROGEN PEROXIDE TANK UNTIL AN 
APPLIED REPRESENTATIVE ARRIVES. 

Note: An Applied representative will fill the HiPOx on-board hydrogen peroxide tank upon arrival to the site. 

 

7. Proper electrical power service is connected to the HiPOx unit main disconnect and power is available.  

8. Control Wire connections are complete and landed on the HiPOx and customer ends.  Only the connections 
required by the customer must be complete.  Basic control interface connections are: 

- Input to HiPOx (customer dry contacts): 
 - Remote Alarm Acknowledge                               
 - Remote Start/Stop 
 - Forward Permissive 
- Output from HiPOx (HiPOx dry contacts): 
 - Shutdown Contacts 
 - Alarm Contacts 
 - Run Contacts 
 - Fill/Source Pump Contacts 

 

9. Changes to the customer control system wiring and/or programming are complete, if required.  

10. Influent water at the design flow rate and quality are available for processing.  

11. All required safety measures are in place.  

12. A telephone line is connected or available for connection to the HiPOx unit (indicate NA if dial-out modem is not part 
of the system).   

 

 
The above information is correct as reported. 
 
 
Signature: _________________________________________ Date: ______________________________ 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 
 

BRUNSWICK SEWER DISTRICT CORRESPONDENCE 









 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX F 
 

RESPONSE TO COMMENTS 
 

AND 
 

REGULATOR CONCURRENCE 



DEPARTMENT OF THE NAVY 
BASE REALIGNMENT AND CLOSURE 


PROGRAM MANAGEMENT OFFICE, NORTHEAST 

4911 SOUTH BROAD STREET 

PHILADELPHIA, PA 19112-1303 


5090 
BPMONE/TB 
Ser 09-245 
September 22, 2009 

Mr. Michael J. Daly 
Remedial Project Manager 
Federal Facilities Superfund Section 
U.S. Environmental Protection Agency (EPA) 
1 Congress Street, Suite 1100 (HBT) 
Boston, MA 02114-2023 

Ms. Claudia Sait 
Remedial Project Manager 
Maine Department of Environmental Protection (MEDEP) 
Bureau of Remediation and Waste Management 
17 State House Station 
Augusta, ME 04333-0017 

Dear Mr. Daly and Ms. Sait: 

Enclosed you will find the Navy Responses to Regulator Comments (RTCs) on the 
Draft HiPOx Pilot Study Work Plan for the Groundwater Extraction and Treatment 
System, Naval Air Station (NAS) Brunswick, Maine. These RTCs are provided for your 
review and concurrence. 

If you have any questions or comments, please contact the Navy's Remedial 
Project Manager, Todd Bober at (215) 897-4911. 

Sincerely, 

Paul F. Burgio 
BRAC Environmental Coordinator 
By direction of BRAC PMO 

Enclosure: 
Navy Responses to RTCs on the Draft HiPOx Pilot Study Work Plan for the 

Groundwater Extraction and Treatment System, NAS Brunswick, Maine 



Copy to: 

MEDEP (C. Evans) 

Gannet-Fleming (D. McTigue) 

NASB (L. Joy, M. Fagan) 

Lepage Environmental (C. Lepage) 

NAVFAC MIDLANT (T. Bober) 

NAVFAC ATLANTIC (J. Wright, B. Capito) 

TtNUS (L. Klink, C. Race, J. Orient) 

ECC (A. Easterday, G. Calderone, C. Guido) 


Copy to: (w/o encl) 

BRAC PMO NE (P. Burgio) 

NAVFAC ATLANTIC (D. Barclift) 

BACSE (E. Benedikt, C. Warren) 

CO NASB (CAPT Fitzgerald) 

RAB Brunswick Representative (S. Johnson) 

RAB Harpswell Representative (D. Chipman) 

RAB Topsham Representative (S. Libby) 

MRRA (V. Boundy) 
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_____________________________________________________________________________________________ 
Naval Air Station Brunswick, Maine   Response to Comments  
  U.S. Environmental Protection Agency 

RESPONSE TO COMMENTS 
U.S. ENVIRONMENTAL PROTECTION AGENCY 

DRAFT HiPOx PILOT STUDY WORK PLAN FOR THE GROUNDWATER 
EXTRACTION AND TREATMENT SYSTEM 

NAVAL AIR STATION BRUNSWICK, MAINE 
 
Commentor: Michael Daly, Remedial Project Manager 
Comment Issue Date:  25 August 2009 Navy Response Date: 22 September 2009 

 
The U.S. Environmental Protection Agency has reviewed the subject document and comments 
are below:   
 
GENERAL COMMENTS: 
 
1. Successful implementation of this pilot study to bring Eastern Plume extraction well EW-5B 

online along with the advanced oxidation system to treat influent 1,4-dioxane and CVOC 
ground water contamination relies on the Navy’s ability to discharge untreated and treated 
Eastern Plume ground water to the Brunswick POTW for treatment.  A revised pilot study 
strategy will need to prepared should the Brunswick sewer district reject the Navy’s request 
to discharge extracted ground water to their treatment works.  EPA is supportive of the 
Navy’s approach in trying to establish a more realistic revised “steady state” GWETS flow 
rate and CVOC/1,4-dioxane concentration in order to optimize O3 and H2O2 dosing rates to 
the advanced oxidation treatment unit.  EPA also strongly supports the Navy’s efforts 
through this pilot study to simplify and improve the energy efficiency of the GWETS by 
evaluating the elimination of the air stripping unit operation once the advanced oxidation 
unit becomes operational. 

 
Response:  Comment noted.  The Brunswick Sewer District has conditionally approved the 
Navy’s request to discharge plant effluent to their treatment facility for this pilot test.  The 
Navy appreciates EPA’s comment regarding our efforts to optimize the NAS Brunswick 
GWETS and promote energy efficient remediation. 

 
2. Although not part of the scope of the work plan, the Navy/ECC will need to update the 

O&M Plan for the GWETS system to account for the addition of the HiPOx unit and the 
optimized extraction well scheme. 

 
Response:  After the HiPOx Pilot Test Report is issued, the GWETS Operations and 
Maintenance manual will be updated to reflect the changes to the plant. 
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Naval Air Station Brunswick, Maine   Response to Comments  
  U.S. Environmental Protection Agency 

SPECIFIC COMMENTS: 
 
 3a. Section 4.2 – HiPOx System Prove-out & Section 4.3 – Pilot Test Procedures:  It is 

EPA’s understanding that EW-5B will be turned on 7-10 days ahead of the start of the pilot 
test in order to establish a steady state operational pumping rate and CVOC/1,4-dioxane 
concentration.  This operational flow rate/contaminant concentration for EW-5B will then 
be combined with extracted ground water from operating EWs-1, 2A, & 4.  This combined 
flow/contaminant loading rate will be the basis for HiPOx system prove-out and pilot 
testing.  This element of the pilot study, although not detailed in this work plan, will also 
require the Navy to discharge untreated EW-5B water to the Brunswick Sewer District, 
subject to their approval.  EPA further understands that EW-5B start-up testing and 
operations will be detailed in a separate technical memo that will be forthcoming. 

 
Response:  The Navy has issued a technical memorandum entitled “Extraction Well EW-5B 
Activation” on 11 September 2009 to the US EPA and MEDEP.  In addition, the Navy has 
received conditionally approval from the Brunswick Sewer District to discharge effluent to 
the Sewer District for the Pilot Test including the start up of EW-5B prior to installation of 
HiPOx HCU unit.  The Brunswick Sewer District’s correspondence dated 4 September 2009 
will be attached to the final work plan. 

 
3b. While these two sections describe the frequency and types of analytical sampling that will 

be conducted on influent, intermediate treatment processes, and effluent water to 
demonstrate achievement of treatment system goals and meet regulatory compliance 
requirements for activities specified in this work plan, EPA requests that a table be 
generated along with this work plan that provides details of the sampling program (i.e., type 
of sample, frequency, lab turn-around requirements for samples) needed to evaluate 
GWETS performance and meet regulatory compliance requirements. 

 
Response:  The HiPOx Pilot Test sample summary table will be provided in the final work 
plan and is included in the response to comment for your review. 

 
3c. Although not completely clear on this point in the work plan, the Navy intends to begin 

sending GWETS effluent to the infiltration gallery after the 1-week GWETS prove-out 
(with the HiPOx unit online) is completed.  The work plan does not specify when analytical 
lab results from the 1-week system prove-out sampling will become available in order to 
determine if the treated effluent is of adequate quality to discharge to the infiltration gallery.  
EPA assumes the Navy will specify a 24-48hr turnaround lab analysis of these samples and 
provide the data quickly to the project team for timely review and discussion.  An optimistic 
expectation of this prove-out phase is that regulator approval can be granted to the Navy to 
switch the discharge of treated effluent from the sanitary sewer to the infiltration gallery 
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_____________________________________________________________________________________________ 
Naval Air Station Brunswick, Maine   Response to Comments  
  U.S. Environmental Protection Agency 

immediately upon completion of the prove-out phase, providing the prove-out effluent data 
sets are favorable.  EPA is willing to provide the Navy with timely review of sampling data 
so that a timely and cost effective decision can be made for handling GWETS effluent upon 
completion on the GWETS system prove-out phase. 

 
Response:  During the 3 day test run period (currently scheduled for 7 October through 9 
October 2009), analytical samples will be collected as presented in the sample summary 
table.  These daily samples will be submitted to an analytical laboratory for a 3 day turn 
around time.  Once each day’s analytical data is received from the laboratory by the Navy, it 
will be forwarded that same day to the MEDEP and EPA Remedial Project Managers for 
their review and information.  All sample data is expected to be received by close of 
business on 14 October 2009.  The Navy intends to convene a conference call on 16 October 
2009 (Friday) with the regulators to review the analytical data from the 3 day text run and 
seek approval to cease discharge to the Brunswick Sewer District and re-direct the plant 
effluent to the on-site infiltration gallery. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENTS 
 
 
1.  HiPOx Pilot Study Schedule, 23 September 2009 
2.  HiPOx Pilot Study Laboratory Sample Summary Table 
3.  Brunswick Sewer District Conditional Approval Letter



ID Task Name Duration Start Finish

1 Pilot Study Work Plan 60 days Thu 7/9/09 Wed 9/30/09

2 Generate Work Plan 13 days Thu 7/9/09 Mon 7/27/09

3 H&S review of draft work plan 4 days Tue 7/28/09 Fri 7/31/09

4 Internal Draft for Navy Review 5 days Mon 8/3/09 Fri 8/7/09

5 Navy review and comment revised WP 4 days Mon 8/10/09 Thu 8/13/09

6 Address Navy Comments and Revise Work Plan 4 days Fri 8/14/09 Wed 8/19/09

7 Issue Draft Work Plan to Regulators 1 day Thu 8/20/09 Thu 8/20/09

8 Regulatory Review and Comments 15 days Fri 8/21/09 Thu 9/10/09

9 Prepare Response to Comments 7 days Mon 9/14/09 Tue 9/22/09

10 Issue RTCs for regulatory review 1 day Wed 9/23/09 Wed 9/23/09

11 Regulator Review RTCs & Concurrence 4 days Thu 9/24/09 Tue 9/29/09

12 Prepare Final Work Plan 4 days Thu 9/24/09 Tue 9/29/09

13 Issue Final Work Plan 1 day Wed 9/30/09 Wed 9/30/09

14

15 Execute Pilot Study 134 days? Fri 7/3/09 Wed 1/6/10

16 Kick-off Meeting for Pilot Study 1 day Mon 9/28/09 Mon 9/28/09

17 HiPOx Design Drawings Review 5 days Tue 7/21/09 Mon 7/27/09

18 Navy Approval of HiPOx Unit Drawings 1 day? Tue 7/28/09 Tue 7/28/09

19 Order and Build HiPOX Unit 57 days Fri 7/3/09 Mon 9/21/09

20 Install Concrete Pad for HiPOX Unit 2 days Wed 9/9/09 Thu 9/10/09

21 Receive and Sercure HiPOX Unit 1 day Thu 9/24/09 Thu 9/24/09

22 Extraction Well EW-5B Start Up 1 day? Tue 9/29/09 Tue 9/29/09

23 Mechanical 5 days Mon 9/28/09 Fri 10/2/09

24 Electrical 5 days Mon 9/28/09 Fri 10/2/09

25 SCADA 3 days Wed 9/30/09 Fri 10/2/09

26 APT calibration of HiPOX Unit 2 days Mon 10/5/09 Tue 10/6/09

27 Test Run of HiPOX Unit - 3 Days 3 days Wed 10/7/09 Fri 10/9/09

28 Laboratory analysis of Test Run samples 3 days Mon 10/12/09 Wed 10/14/09

29 Transmit Test Run Data to Stakeholders 1 day Thu 10/15/09 Thu 10/15/09

30 Stakeholder Review of Test Run Data 2 days Fri 10/16/09 Mon 10/19/09

31 Navy Approval to Operate HiPOX 1 day Tue 10/20/09 Tue 10/20/09

32 Cease discharge to BSD 1 day? Tue 10/20/09 Tue 10/20/09

33 Week 1 Sample and Analysis Influent & Effluent 1 day Wed 10/21/09 Wed 10/21/09

34 Week 2 Sample and Analysis Influent & Effluent 1 day Wed 10/28/09 Wed 10/28/09

35 Air Stripper Shut Down Test 5 days Mon 10/26/09 Fri 10/30/09

36 Week 3 Sample and Analysis Influent & Effluent 1 day Wed 11/4/09 Wed 11/4/09

37 Week 4 Sample and Analysis Influent & Effluent 1 day Wed 11/11/09 Wed 11/11/09

38 Week 5 Sample and Analysis Influent & Effluent 1 day Wed 11/18/09 Wed 11/18/09

39 Week 6 Sample and Analysis Influent & Effluent 1 day Tue 11/24/09 Tue 11/24/09

40 Week 7 Sample and Analysis Influent & Effluent 1 day Wed 12/2/09 Wed 12/2/09

41 Week 8 Sample and Analysis Influent & Effluent 1 day Wed 12/9/09 Wed 12/9/09

42 Week 9 Sample and Analysis Influent & Effluent 1 day Wed 12/16/09 Wed 12/16/09

43 Week 10 Sample and Analysis Influent & Effluent 1 day Mon 12/21/09 Mon 12/21/09

44 Week 11 Sample and Analysis Influent & Effluent 1 day Tue 12/29/09 Tue 12/29/09

45 Week 12 Sample and Analysis Influent & Effluent 1 day Wed 1/6/10 Wed 1/6/10

46

47 Pilot Study Completion Report 93 days Wed 12/23/09 Fri 4/30/10

48 Generate Completion Report 18 days Wed 12/23/09 Fri 1/15/10

49 H&S review of Completion Report 4 days Mon 1/18/10 Thu 1/21/10

50 Internal Draft for Navy Review 10 days Fri 1/22/10 Thu 2/4/10

51 Address Navy Comments and Revise Report 5 days Fri 2/5/10 Thu 2/11/10

52 Issue Draft Report to Regulators 1 day Fri 2/12/10 Fri 2/12/10

53 Regulatory Review and Comments 33 days Mon 2/15/10 Wed 3/31/10

54 Prepare Response to Comments 5 days Thu 4/1/10 Wed 4/7/10

55 Regulator Review RTCs & Concurrence 10 days Thu 4/8/10 Wed 4/21/10

56 Prepare Final Report 6 days Thu 4/22/10 Thu 4/29/10

57 Issue Final Report 1 day Fri 4/30/10 Fri 4/30/10

8/20

9/30

7/28

3/22 3/29 4/5 4/12 4/19 4/26 5/3 5/10 5/17 5/24 5/31 6/7 6/14 6/21 6/28 7/5 7/12 7/19 7/26 8/2 8/9 8/16 8/23 8/30 9/6 9/13 9/20 9/27 10/4 0/1 0/1 0/2 11/1 11/8 1/1 1/2 1/2 12/6 2/1 2/2 2/2 1/3 1/10 1/17 1/24 1/31 2/7 2/14 2/21 2/28 3/7 3/14 3/21 3/28 4/4 4/11 4/18 4/25 5/2
April May June July August September October November December January February March April May

Task

Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline

Page 1

Project: dioxane pilot study REVISED 
Date: Wed 9/23/09



Table 1
HiPOx Pilot Study

Analytical Summary
30 September 2009

Sample
Task Sample Location Frequency VOCs (8260B) 1,4-dioxane (8260B SIMs) Trip Blank Duplicate MS/MSD VOC 1,4-Dioxane Total

1
3-Day Prove Out  Influent  2 sample/day x 3 days 6 6 0 0 0 6 6 12

 After HiPOx  2 sample/day x 3 days 6 6 0 0 0 6 6 12
 Effluent  2 sample/day x 3 days 6 6 3 3 3 18 18 36

2  Influent  1 sample/week x 12 wks 12 12 0 0 0 12 12 24
12 Week Pilot Period  After HiPOx  1 sample/week x 12 wks 12 12 0 0 0 12 12 24

 Effluent  1 sample/week x 12 wks 12 12 12 12 1 38 38 76

3  Influent to GAC  1 sample on First Day 1 1 0 0 0 1 1 2
Liquid-Phase GAC  Mid-Point GAC  1 sample on First Day 1 1 0 0 0 1 1 2
During Week 2 of  Plant Effluent*  1 sample/day x 4 days 4 4 0 0 0 4 4 8

Pilot Test
98 98 196

Notes:
1) Trip and Duplicate samples require separate analyses for VOC and 1,4-dioxane.
2) MS/MSD includes two analyses, costs reflected in totals.
*  During the liquid-phase GAC testing, plant effluent samples will be collected every day for 5 days, only 4 samples are shown because 1 is included with weekly sampling.
3) The 3-Day Prove Out Samples will be submitted for 3 day turn around time with the analytical laboratory. 

Laboratory Analysis QA/QC Samples Total Laboratory Analysis
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Naval Air Station Brunswick, Maine  Response to Comments from 
  Maine Department of Environmental Protection 

RESPONSE TO COMMENTS 
MAINE DEPARTMENT OF ENVIRONMENTAL PROTECTION 

DRAFT HiPOx PILOT STUDY WORKPLAN FOR THE GROUNDWATER 
EXTRACTION AND TREATMENT SYSTEM,  
NAVAL AIR STATION BRUNSWICK, MAINE   

 
Commentor: Claudia Sait, Remedial Project Manager 
Comment Issue Date:  10 September 2009 Navy Response Date: 22 September 2009 
 
Pursuant to Section VI of the Naval Air Station, Brunswick, Maine Federal Facility Agreement 
(Oct 1990), as amended, the Maine Department of Environmental Protection (MEDEP) has 
reviewed the draft “HiPOx Study Workplan for the Groundwater Extraction and Treatment 
System”, dated August 2009, prepared by ECC.  Based on that review MEDEP has the following 
comments and issues. 
 
GENERAL COMMENTS: 
 
1. MEDEP has reviewed the Draft HiPOx Pilot Study Work Plan and has no reservations over the 

work proposed.  The bench scale testing suggests that the HiPOx technology should 
successfully treat 1,4-dioxane at concentration expected in the Eastern Plume extraction system.  
The pilot study will enable the Naval Air Station, Brunswick to determine the optimal 
equipment configuration and dosing rates for full-scale operation, as well as evaluate whether 
the stripper can be removed from the treatment train.  (No response required.) 

 
Response:  Comment noted. 

 
2. The pretreatment for metals removal is not proposed, and the existing equipment to accomplish 

this has been taken offline, apparently without adversely affecting the stripper or GAC 
treatment equipment.  In MEDEP’s experience, even low concentrations of dissolved iron or 
manganese in groundwater precipitate readily upon aeration and cause serious maintenance 
headaches.  How has the Ground Water Treatment System plant avoided this problem? 

 
Response:  Yes, we have had the same experience with low concentrations of iron and 
manganese.  This is evidenced by the need to clean the GWETS air stripper 2 to 3 times per 
year to remove accumulated iron from the aeration trays.  The plant also utilizes the green sand 
and bag filters to remove precipitated metals. 
 
The GWETS metals removal equipment is off-line, since this equipment was only required for 
the treatment of inorganics from extraction wells EW-06 and EW-07 at Sites 1&3 Landfill.  
These extraction wells were deactivated on 19 November 1997; therefore, the treatment for 
metals was no longer required. 

 
3. To keep up with the progress of the work, MEDEP would like to be provided with brief 

weekly updates on the progress of the installation, pilot testing and prove out. 
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Response:  Brief weekly email updates will be provided to all project stakeholders.  We will 
begin these weekly updates at the end of the week of 25 September 2009. 

 
4. Please add documentation from the Brunswick Sewer District agreeing to accept the prove-

out water to the final work plan.   
 

Response:  The Brunswick Sewer District’s correspondence will be included as an 
attachment to the final work plan. 

 
5. In the final pilot test report please include schematic drawings of the plant components showing 

active and inactive components and the flow of water and waste through the system.   
 

Response:  The HiPOx Pilot Test Report will include these figures.  In addition, please see 
response to comment No. 6 and these figures will also be included in the report. 

 
 
SPECIFIC COMMENTS: 
 
6. Sections 1.2.2 and 1.2.3 reference Figures 1-4 and 1-5, neither of which is included in the Work 

Plan.  It appears Figure 3-1 shows the same schematic drawing.  Please correct, as necessary. 
 

Response:  Figures 1-3, 1-5, and 1-6 (GWETS flow chart figures) were not included in the 
draft work plan.  In addition, Figure 1-3 was misidentified in the draft work plan and should 
have been referenced as Figure 1-4.  The figure call outs in the work plan will be corrected 
in the final version.  Flow chart figures 1-3, 1-5, and 1-6 are attached to this response to 
comment document for your review. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENTS 
 
 
1.   Brunswick Sewer District Conditional Approval Letter 
2.   Work Plan Figures 1-3, 1-5, and 1-6
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FIGURE 1-5
GWETS with HiPOx and Air-Stripper
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FIGURE 1-6
GWETS with HiPOx and Liquid-Phase GAC
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September 28, 2009 
 
 
Mr. Todd Bober 
Department of Navy 
Base Realignment and Closure 
Program Management Office-Northeast 
4911 South Broad Street 
Philadelphia, PA  19112-1303 

 
 
Re: HiPOx Pilot Study Work Plan 
 Naval Air Station, Brunswick, Maine 
 
 
Dear Mr. Bober: 
 
 
Pursuant to Section VI of the Naval Air Station, Brunswick, Maine Federal Facility Agreement (Oct 1990), 
as amended, the Maine Department of Environmental Protection (MEDEP) has reviewed the Navy’s 
responses dated September 22, 2009, to MEDEP’s comments, dated September 10, 2009, for draft 
“HiPOx Pilot Study Work Plan for the Groundwater Extraction and Treatment System”, dated August 
2009, prepared by ECC.  Based on that review, MEDEP has no further comments provided that regulator 
comments, the Navy’s responses including attachments, and this letter are included in the final workplan. 
  
Please contact me at (207) 287-7713 or claudia.b.sait@maine.gov, if you have any questions or 
comments. 
 
 
Respectfully, 
 
 
 
Claudia Sait 
Project Manager-Federal Facilities 
Bureau of Remediation & Waste Management 
 
 
Cf:   Hard Copy:    Electronic Copy 
 

File    Chris Evans-MEDEP  Mike Fagan-BNAS 
Ed Benedikt   Paul Burgio –BRAC PMO Mike Daly-EPA 

     Al Easterday-ECC  David Chipman 
     Carol Warren   Catherine Guido-ECC 
     Gina Calderone-ECC  Vicki Boundy-MMRA 
     Suzanne Johnson-BASCE Scott Libby 
     Carolyn Lepage-Lepage Environmental 
     Jeff Orient-TtNUS 



 

CONCURRENCE 
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

ON THE DRAFT HiPOx PILOT STUDY WORK PLAN 
GROUNDWATER EXTRACTION AND TREATMENT SYSTEM 

 
 

 
From:  <Daly.Mike@epamail.epa.gov> 
To: "Catherine Guido" <CGuido@ecc.net> 
CC: <paul.burgio@navy.mil>, <todd.bober@navy.mil>, "Al Easterday"    

<AEasterda... 
Date:  9/28/2009 9:23 AM 
Subject:  Re: HiPOx Study Work Plan RTCs - For Regulator Concurrence 
 
 
Hi Catherine, 
 
The RTCs & attachments look great.  EPA has no further issues. 
 
Thanks Again! 
 
Mike 
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