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.DMINN

DMIVPIN H2APND MYNRYN MINK NI2DTIN DN ,INNN TDIN ONIN TPDIANVI MDY — MAVININ 1P
D5UNN TARD DYND wHRwn XN ,X19) NING DMININ D¥IONN NMYNNNI MYPIPA XNON 190 IND
LONIVIN LRIDID DY NN 2IPDNNAY DIV OUP DID1D DMINNN DN P19

N DY XOW DN DY PP DOYNIN DIDN DOPTMN )T DN DPNDNA DIIONN DIV — DVNAVN-IP
2aNY DYA5MNN VN DIONN .DNYY TINIARVNN MOYAT NI TONND NIN ,JINI IN I NINX NN H2PH
.DY¥19) MNM

: DYNIN NYIZY DMPNNY DX2)N MISNITHINA PONNI XD 7Y PIANND DY 13NN DNINY 1IN DY

DNYVI .NR7HN DY TPIARVNN MPYAD PHRT NPNY TN DY NONI NINSD XY¥DOND 2PN DMND @
DN PN ,PIAY N2 TN MPNT DY 0NN NIN YPIPN NN DI NPNY NV TWUN
NP DY DDAVN MYSNNI NPV NN PIONNY 91D IAX YPIPD MOAD NPNY NV IWN
GN) PP NN 2DYD MIYY DNDNTD DY YPIPO MNSDM .NDIMNI TONIDPI MPNTN NINNIND
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IMN NONNN NNYADN WP YV (Aging) MIYHNNN NRIIND NVINI NIIND INPINT NN DPNY
NY PRy PIND

DNYIN NN YN0 DYNDN WX DXPTON DY DDV THINMYNYN NMODIVIIN D00 NN ypIpn e
.DNYY DMODHANLVHN DIDIND

?Y792) 1NN — TPMYHVN TPNYPI MDY DN YN IIND NPNY DYDY YPIPa DONINN e

791 DIY DVINALY ,pH 9NV ,MNY PPN

PY1ON MDY DY WY 1HNN DONINN NYIDWN TAX DY DNIDN DY) DNNONIN DY WY qUN DI DO
MOLPIAN NADN IMANNA INIKY DI IIMINRNA DINYP NPND DD YN DN .NDION MNDPIAN
VYT NNY ¥ DI90VN NVOY NN TONNI ,)1OD .NNSY DINVN NMNDNOV MMANNA YPIPN DY MOLPI-NMN
Hyan NN BN DMNAA0N DININDY YN DD NI MY NN NIV NN INDNOVN N NNNY

SV NPYIYON NPIWHWNI DY DO 0P DINV YNID NN HY DIWIWN TUN DMIOIN DN PONY
: DMYN ONINN

oN AN 2.1.1

SPYNa NMYYN DY THRIIND NN NDIW MNP P19 292 DMNNN DINNTY MNPIIN DY MITNYN
NP9 NNWH DIRDY ANPOIN) NMBYNDNN MNOD NMDYN DY L,(D2NPNN 99D0) DY MIDPHINN
990192 YYD O (NMVVIIN NP NMIYY MOVLON NPIPYIT) MYALN MND NMDYN DY (NI
PY1AY MY NMYYN .1 PRI MXIY 1N TI0 MINDNT .ODPDMN 12 DY DINDN DY MINNNn
NYNIAN NWID DXPTINN MY DIVINNDT DIMVIND YV SVIPNN DN ,MDO0NI NN D) YN MO»Ian
NP 071D DNYINNS 019D DMIVP DV NDITY MND MDY MAMIDN ,MOVITI MNP DN NANIN
DNNIYN N0 NN DIDN 2 PN .INY DN DNINITA DXPIdNN 199 TONDPI MDY DIPNT MN
SN MDY PIPAD DNOY MMNTIN NTN DX DNV DOPOT

S5y ,07PNIMNON 290 DMNINIIN YV 397D YPAND NYITY NMDVN MY MDA DIV DY NIDNN A0V ToNna
2V N9 .OMIYIVN DIV MNNT NNIT TWANRD NI DY) MDA Pr 1D DMINVIN DY MNNIN NN TIINRD 1N
DMV DMWYOAN DMIVNIY NYIPY D) NIWN MNP DPYN) N 19D NPXPID DMINNND DMIMNIN
TONN2 NPMYHYN NPINDT PNRD I GTINND DOVY WYX DXT) DNNN DY DOMYHYN DN

.219°01 725 TIND D1 DINVI PNOIND MDIWN 1IN YPIPN NINN

DY .ONIAN MNON NNNVYN MINK IPYD TN DY ,NT IPIND MDYN MY MDD 2I0VN TIND D)
NMYN NPXPIA INK APYD ,INY NNVP MNPIINY MPIONND MNTY MNP DV MNTPNN
2V 0N PAY MIDPA PID OV NINN PA PNIANDY DN NNNN DY DIMNNIND INK NPYY D) IWINND
POV ANV OMYHYN DPNIN PINND TN GITIN INY DIXP DIMNNANY DI .MOP NPIPIY NPT

2200RN Ex-Situ 9190 7onna
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MADIN 299 NN PINPOII HPWN 29D DIMIN NI 12)D YN NNNN IYN NTIYN MPDIN YNID 2WwN
TIND HNVYN MIPTNAY LDIDMD 1IOY IN DIV DY DMYNIN DDA TN NPLMINNPLIDN
VPPN DY NYIMILNY DNNNA VPN

E-O.SO T ’ !
5 O

P NAPH,

B -1.00 +—— -~ ~
I-

%150 IO 0. _ 0 :
o % eam COLT ™
T4 = @ PHEN :

: R
o) ~ PYR® ® ' g B(AP )

£ 200 +—— \Z’ff -

o

S

] @BEP
&
-2.50 — == o g |
200 300 400 500 600 700 800
log Kow

Myavn MN51 MoNd NN PAH m%p5mn Sv (Kow) 112omnn NN AN INNND 993 : 1 99N
NYIPYINY D25 (MDDNA NT - J9 DY) NPAIMITINL NIDY NINIY 1N . JMDANIY NYIPHINT NPVIIND

.INY MNANY N7 Myav N PAH-n

Products In Which
Constituent Is Typically

Biodegradability Example Constituents Found

More degradable n-butane, n-pentane, O Gasoline
n-octane
Nonane O Diesel fuel
Methyl butane, O Gasoline
dimethylpentenes,
methyloctanes
Benzene, toluene, O Gasoline

ethylbenzene, xylenes

i
|

Propylbenzenes O Diesel, kerosene
Decanes O Diesel
Dodecanes O Kerosene
Tridecanes O Heating fuels
Tetradecanes O Lubricating oils
Less degradable Naphthalenes O Diesel
Fluoranthenes O Kerosene
Pyrenes O Heating oil
Acenaphthenes O Lubricating oils

MTIA PIVAY DY DIPYTI DNV HY MINTH NN 12 9N

17793 NN NHPN
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oA Ny 2.1.2
915> ND 925 OYWPIN N2 NP TY DHNTI DY TIND DIDN) DINDMID NYIN DY NNMO IDVN MDY
IN TMYNRYN TIV PIVN AN ,ADYTN NDOYO ORI TPDIVOIND PIDN YINY XN NPN wHwH
HINND NYINT ,90-95% DY THIY MDA DIV YPIP MNNN DINT DY NNNNN PTINK ,21ID 9I0 INY)
Y7190 28P DN DY TN D) DI NIAY D) .TIND I DIV IO WA AN DX NNNN
GUN TPYNN NIRG DIRNNI IN ,DPTONN NIY DOOPIV NPNY DXINN DINNIIN TWND , T NN
M>>¥aY 251N NNNY DYDY MONN DY OOMYNYN D310 DY NP PONNY DNOY MPNIN NN 1YY

nVwn TN TPH »p\wn 10,000-5 S¥ 0115792 925 DXNNN 1INDPAN MYYON 28P2 2100 .ONOYAN

925 M>NNHN MONHN Sy mMaoyn nwvavwn CTPH »p\wwin 50,000-5 5w 011592 D) NOWY nawn)
2P\ 2,500 Syn Sv 002

DY DPNDIA0 DR XPNT INY) YPIPN NOHNA TN M) DXOMIN DXNDN 1127 DMP 12 MYPIPa
DOYNON DN DPVINDIN DI¥NYN INKIND TPNOPAN MDY 212y INIPAY 99y (VTN 90 TW
5¥ DM1512 DXPYN DDA B) DDA Y ONIPA PIPO DIYNINN DPTON 1T DIY? .DNPNNIN-IPINI
INONTAYN N MYNNN MNTPI N9V NNONN MPITA Y9 W ToNn DM DN ,2.5%-3.5% Sv

STIVIIN O8N

ypIpn opan  2.1.3

911912 990N DINN NITY PPN VN AN POND NN DY IN) NN YPIPN YW 0PN 1IN
DM DY 09 DY PNN DY NPDIANINDIN DY ,MXVIN NYIDN DY WAVN YpIpn DPIN .09 DMIVNI
59521 N9 NPLIANIIY YD NINNY AN MYP NPNDIN MYPIP . PONON DPwnn Sy 18nnn
17182 DXADIN 19D INY YR DX ToN INRNIND .11 MDVI NYIDNA D) YPIP OV NXY MOVIN
IUN NPIDIN MYPIPA IN NN MONIPM MDMWAS DNYIN MNNT .NPNPOIN NMYPIPA TINIDIN
DM POIND OWIP NY 90N .NPOIN MYPIPY RNV TPMYNYN NN DNNTHD MDY ML
DY NPNOIN MYPIP DW NIPNY ;212792 PWIPM YPIPN MNONN DY DTN MY NPNPOIN NMYPIPD
NN NO NN DY PTHN YPIPN DPII TIND SOIX NI OYA0N MTNRM NPNIN PPN D) M ODNN
9932 .7PN912 MDY MIOYINT MNIND NX I9YD 1IN DY POINY YWY (2.1.9 PYDA ITINII) NN PININ
DYIPIND VI NNIN 22N NRIIND DIVNNN NPAYD VY ,MNYN NN YPIPN OPIN MNOPIN DH19P0N
129NN IWNR DPNAN

AMV90NL  2.1.4
DMDPA DN DY P19 .DINRNND) DN N2 /9NVNN TIND YA DIPTON SYW MNDPIN DVDIAVNN NP
0-2 2P MDY PrPS MY ININ DIPNN - 9NV DY TIND ANT NNV YNINND 21D R’ MYNNNI
Moyn 50-3 YW 9902 D) XPNT NMIA MDA DO NIINDN NIV SV DIIINRM DIV MOYN
DNNYNNY DIPINNIN DNIINNIN DIPTAN DY MOMOPN MY .DPIDN MOYN 75-7 Syn Gy 0oy
2190 MLIY ,0IN NV TINIMOPNR MY NP PPN IV MY .81 35-45-51 NYNINND
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927 ,NOW /9010 NN NYYN) YPIPA 920810 OIND ,MON JOP DN NLY NIDYL YPIP MY MOYDON
NYOYID NIMYN DIDVN MOLIYA YPIPa NNHDND DMDIVIIN MDY ONDPIAN 179N ANP NIND NN
Maxy ¥ ,NVM XN 15-1 MDA YPIPN 9NV AIWUND MIPN MVN MY .N2XI0N /9NVN TIND

LDYDYIN MY TIIND D¥Y 1N P119N BN /990 YNNIV MINSNHNY

GO0 INN APYNY OYSNN NIN MNDPIAN DIDVN DIPNN N2 YPIPN 9NV NDIADN HNLV P WO VN
MTND NDADNN PNNRY NNWNI MNP DIV NINNNIN YPIP 212 DY MO .ONIPIN MDPYIN
NTI2Y 990DV MYITIN NPIPTNI NYYI 12TV XTND WO ,NXIND DIN NV NNSIND NHY 990N NN
P1729 5792 2IWN YPI 9NV NV — YPI 9NV .DIDVN TYNN JIT INPY N9 TNIND MDY NPIDIVIN
PP YPIPA YSINNY NN YPIN ANV DTN .NOMNMVLNN YPIPA 9NLN PIAY NP ANV YION NN
19NV NTTHY TINDAY ,MNY SHINXY OPIN NPNIND NYMVNN YPIPY DINYT DIMIND NHYA DI

NoMVNN YPIP1

1890 %9 2.1.5

TN, DMP 2PN 21V DAYPR DI NXIN TONIPI MPYAT DINMINI PIP DY INPA W POINN
NI MYPIPA NNMT 2110 ININ NYNINN OPTIND NMDIVIIN 1 53 TPVIIN NNIN MNI DY NIN
P79NN NN DT IWURI NMYPIPA DN DYNPNIN DININ .DIIMNMND DINNI MINYD) WX
TENONOV ,)0 DY WD 8NN NIVYYNN MINKD AXPN M) INNNN NN ISP DPIPN D¥ONNA
DO IPAYPR MDY TWAND 1IN DY YPIPN DX 18NN DY NPODN MND NDIDNY NIXRTY NYIT 91900
TNPNA MY DHNIN 11D OHYA DINMIN HYNY 1N 01PN DININ NN DY DOUPN TUN DI DIV
PV DXHYIN NI NINAY DIPN DXPRYN NI TUN D32 NPT MYPIP , NN XD 12 I¥N0NND NN IWUNR
N2> NN OMIIMRNN DR YR DIMVN YPIP YW1 MIKY WX NPIPOIN MYPIP) YPIpN P pon
MNMPNI DT NDRY MITIPI PN 7Y Y¥INND 910> MOV MYPIPA 8NN 11D NV .PXI0N
ANNN TN MIINNN DNY”N

pH 2.1.6
DV MVITINRN MWD DIIPVAN DININ PIOY NN DY 6-8 W pH Sy Mnwd v »m51»a 5190 »oNna
MMM AN NN NY TWNR OPNYP pH D9y wanwnd N5y DMIIRN MY .0NNININ PP RN

MM AMYYN NPNN DOPOTI MNMITIN MYPIP MNP DXMYY .ONOY NPIIVIPNIN MNP DY
MNIN DYIXY AWUNR DMINK DMINTH IN PN NNDI HY DIPLYN ,0XDXDA ,NMINNIN DY YNMYYN DINT D)

2190 712YY 17VY YT NPDIDA IN NN MK MYPIP .INTPIN MYIN NN 010¥1 IWN pH
,NPXMIND NN NN VI PYNND W IMDPIN DI1I90N TONNI ON NN 51900 N0 pH 118» Hw 0T

TIONAIPIN MY DY DIRIND DMIPNN DIV .DMNA) DXININIY DXIADINT 2N YINY NVYY) DY THINI
STIND RO XD TR NPNNIN IN NPDYD MYPIP DY DX DININ D)
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(DPVINYIVN) NN YIMIN MY 2.1.7
12y DOXRN NI DD DOVINIIVN DIWINT IIXY MNNND DNTIN MY PADN TWN 1NN TNXD 1aYN
MoND HAN ,DOVINIVNN HY NWITTN NMNON NN 2D ND¥IN YPIPNIY 19N NI PN IOy ,N/HIN
DYVINIVN NN ¥ ON D) DIV AT TNND DXADIN TNY NP ,DINMIN I9INY YPIPN NPNa
TONNY DOVINIVN HY NMAY MNNT IWARND DIVINMIV HY DINHNIN DION DY NNV VPP NPPaDN
022Ny 0»ONRN C:N:P >on> .py1on mbya N NIND 1D DY Y2 NIONOAIPINN TPOIDOIND N T
DYONN YPIPA NONDPIAN MDOYAN N MDND .NDPYIN N’HN NMDIVIIN DY NONPIAN DY NN 901 DY
P2 0MY OXON BY NPNRY MM 01PN .100:10:1 — 100:1:0.5 Sw nnva on C:N:P 5¥ 0»ONTNND
DYOVINIVN DY YT DY) DI .OMINN N9 DY DINMMDN XD ND TITYL YH0Y D913 DOVINMIVNN
DY2¥INN YPIP Y9DINT VINOY .1NDPIN MDY NN 20¥9) NPOPIV MIIDIN MINPNY DN DYDY
NPINT DXVINIVN NN DY NNYY 1Y YPIPN DX DNYY SOIX NINY NIYIRNDN NN DIVINION)

22APNa N VNI VY YN YPIP2 pH-N DX NIV D) NDID YPIPY DIVINIVIY NIV AT TIND
.DNODNY

YPIPaA MV NON  2.1.8

NN DY NNVD ¥ 10 DY ,NND N22202 DINMPNN DNYY DMHIANLVHN DIIONNN Y DMIVNNNIPIN
VPP NN DYINN N NN DPLPH D3I MDYV ONNN ,NNT DY .1DVN TIINY DIINNND MV
YPIAPY YPIP 12 DONWHN DYONTIND MDVIN OVINN .TVPNIND YPIPN NN D¥INM PNN DYOND 5190
40%- ¥ NNV NAVYNI YPIPA NONIDPI MDPYAD THPORITIRD MDVIN NN TN ,DIDVN TONIN 29IN 29D)
POND NTI0 DY MDD NYIDN NPVN TNND .NTY NP DY a8Na YpIpa DN NDONN 85%
NADIN INIMOPRN MNDPIAN TONNNNI POND 79NV NMOY YPIPN NI IXRXIND 1NN NN PONNN
MYPIP OV NIPNA YPIPN PPN DD AR TN DNNY T ,NIPIIN NN YNINND NN YPIPY 0N
TSN YPIPO OMIN AN PTNND NN HY 99120 212992 TN W) DD NADIN PATI MNOND MY NPIDIN
VPP DY 2NN YN NN DY MNP NDIIA TN W MNIYI MNY Y TN DIV MIAXINT YN TN
DXLYNI DIV NONX NP NIVYNT NNPY TN ONOPIAN DI1IdVN NON .INNN XYY DN MM
ININD2 WNYHY DD DI 9Ty DY MYPIPN DXVYN .DXOMIN DN D¥IND DINOYN MYPIPIN
MY MYPIP OV wTNn NavInD

ypIPy Mavn  2.1.9
NYD9N PNMON NX 1YY NIVHN DXDIN YPIPY POINY 17 In-Situ 51902 oM Ex-Situ 519001 0)
MNOM DXADINN 2577 .NIONAIPIRN NIDITIIND MNON NN IN DXRNVIN MNIN NN NNV NP
9PN J9IND DOPTIAN , DMV VIFN YI5WI IN IDOVI NNINNN NPNA DY NPNYNRIN DAV 111D DOYIP)
DY YPIPN 2129 NN Y¥ID 1M ID0N NNDXNI) YPIPN NPINIVNI MIVNN MPTNA IV TN
MYNNNI NOPON NOP DNVN MY DDIN NYHLVN EX-Situ 1901 .0 DOYNNNI DNV D0INN
,DXNNN M NN DIRNNY ¥ .0MY DXIDIN MDY YPIP NN DIXRN DX2XINHN 1AW DO MPNN
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DYNOPN DYD91 N 170N YYD YIDY .DDINN DPINDY YPIPN DPIND DINDNM ,NDPPYN MOIYN
NPNINND NYIN DO 2129y PYND YR MM D IR ,DNIPNN NNPN NI PHT DIV DIVON IWIND

257N DY POIN TN LYPIPDY NPT MIND MYNNINI MIVON 090N Noidon In-Situ 51901 [3 9PN]
DIPMY YPIP MWD WIND TNNN DV IR, YPIPN NPINIVN ,YPIPN NPDIANNDIY MDN HWIA INY

OY IN,INY AIMND PIIY TI NPIOIN MYPIP DY DPIND NN 19U 1IN DY — BN OMIIN @
YPIPN DY 229Y0 1) ,DOMI) MV VNN DY MINI) MYPIPY M NMIPNYY vIA»Y N
NN LYY 22 NIND DD NPRY 91D N9 1IN L(Bulking materials) 0»n9) 0100 DY NS9VNN
N9 NYIDH — DOVINIVY DY YPIPY DIND DY DMNY DXIMIN DIV .M DN
STV NPV LDV

NPT NIV DINIDON DINNTHN DY TPNYPIAN MPNIN NYTHIND — ALY P9 OI9IN @

NNMPN TPONIIPINN TIDIVIIND YIDOY DIVIY DPNOPIN DINVN MIINN 217 — NISVININ-12 e
M2 A¥PA NN PN NTID DNV TN DY DOIMVNND DXNINN NN 17 DOPAvm ,ypIpa
190N YT TINYD FTI NPXADN NPR THIYIVN TONANIPININ PDIVIIND DIONDN DMIPNI
I YN DMIPNI DI NDY DPTONT ND NHRNN IR OXPTOINN MND NPNIND - OWITIN
NONNA DPTIN 7MY 90N IPYADOY 1ON» NN DPTIN NPIAIN HY DDINI wHnwind
OONXINM DTN IR ,DIDVN D TNIRD THYN PINN VIPN NODIVIIRD 191 INKRIY NPV PONN
PN DXADINT WIDOY VN TYN 53 TNIND NYOIT ININND IWIT ,0ONMY YPIPa DMIIDM) DIOVAN
MYV NN NN DPTHNN DY NOVIPN NN NN RTNT 1IN DY MPTN NPHNIIPM MPrT2 2NN
STNSN NN MADN MIYIT YOIND TN DY HINOVIN

LDMROPN D) 1798 9D MYNNIN YN IMIND DT DY NIYIPN DNIN DM VIDITO AW 23 9PN

MUNGNIPIN MOYMIN  2.1.10
SYPIPA DOONONIPINN MDITIIND JYW MDY XN NINY MND NN TIYND 1IN DY D3I 1901 v

103-n MmN ¥ MM 0 CFU 104-107 555 7772 M>»N NPYIv mMypap - OPTON N0 e
NPAD .YPIPA DINK DX23YN IN NMONN DINMT IN MINNN DINT HY DOV DI DY MTDYN
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IND TN, TNIDPI NMIDOYAD DIDINNN YPIPA DININD N2 DTN DY YN NNY N 1YHOD DYPTIN
NP0 DN DYNNMIN DMININ HY MIDPI PIPI YN DWONDNN OXPTINN NMIND DY NPN'T
DONNON JINS NPNRI VDY DIV TUN DIPTOINN NN 1PIND WNRvn DIIV-1I0N DTN
SY DMIDN DD MINID OIPTMON NPV WXL .OMNNIN DN DY ONIPA 119D DOVMDN
TPYONAD MPNPITIN INNY N1 OINK IN DN DN P19 DWW DONTN DPTIN
INN APYN N NNOND NPXTA NWNT 0N DMIPNI TOVIDIWY MA8N 219N AXPYY NNIONNY
.DOPTON MY NN DY D120

.DMAYPR DONINA DXPTHN DY NIdIYIN MDY 9PN IR MTTIN NDOY MPXTA — NV M7 e
PIT2 VI NNNN ITN PINAN NMND DX IN NN TMND NN NTTIV NTIYNI NYNINND NPYTIN
D997 YV 19 99010 MNPP AP /9902 ITHN AT TIRD NONDN YPIP NN DY 0T
DT DXNIN NIVANRNDN NVIVIA NNAD ¥ IR ,YPIPA THIPTON NIV NPYTID NPVLIIN MVIV)
NADINA N YPIP PNINT NPXTA ,OWNY XD MOPIAN DIDdVN DY NLYN NXIND 1NN D
o) TPONAIPIIN NMDIVIIND NI D) NN MVPIAN MDYAN 9PNV NPIN . (DPVINIV)
21192 MIDPAN PION DY MNIND NIV MSPITINR MINN NPYTAN ,Pr1aY DNYIN MPNT MNO2
DMV NPVN IOV TIIND

o1p M9’V 2.1.11

NMOND NN NI9N) WX YPIPY NN 1IN DY OMY OTp 9190 yNay ) L Ex-Situ m»midra ;vova
WAIT VPPN MNONI MYND TN 09Y AN DY PNN D0 Y T ,I0D1»aN PONINY NYHIVNIND
: DONAN DI19OVN

NYIVS NAY N7NHN HOYI MYNNNI DD TIT2 NUY) NN — DIYID\DNAN) 12932 NPV YV D) "% e
DY D)2 DMININ DIVNITVNN) MYNNNI N, PN

M) PIDNMD PIDM TYNI VIDY NYUY) TWANRN 93D TN OPIND WIND TN DY — MISHINIMN e
LDMNOPN DD MYNNNI 1AW VPP

NOVXND MYNNNI VI DY) ,DX712) MV INNN DY MYPIPI IN MK NIPVN NIY — Y1 e
STV WY ON9) 90N DY 2129y MYNNNI N /T INDIvIN  Belt-Press | Filter-Press npyn>nova
M2Y Twa (Slurry) 710 2815 YN MYPIPS IN MY INY OIXRNND NVIND NPNNI VINOY
MNZN NN NNNAN MYNT IWR NPTPDIN NMYPIPY TN OINNN NI 99N DY

AIMND DPI NOAPD ,NNITIY,OIN ,NSN XY 222W  NISP DI DY 2129y — N9 99N Oy 2139y e
MLVN NPIPOIN NYPIPA D) MPX NMNDPNI MDY TINND TN DY YIATI 1IMNNRND OPIN
INL,N7NHNHODI ,0MNRIPN DD MYNNNI NYYI 212V .DPATPNIND DIINN TYN YPIP YWD ND
NOIND NMND WIDY DWYI GURD IPOYA TIND dNNRYN DT D10 OO 1129 NPNNI
NPLLO NPV MNP YA
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MM pH NP na 7180 DOXNNA 299N PONNY NPYMN XNONN DIDIN NaoN — pH mom e
2DYDILIMIN PXNMYYN DN DY MYPIPA IN NPNMVYN MXIL NPOIVN

9P NV 2.2

MYPIPA ONONA 519V TONNA IV YW DMK DMIDINN DMVNIN DY DIND MNXIY 1NN 1 NYava
NN D2NY ODOY TUN YPIPA DONIND DY ,1INDYAN MDOYIN G0 YY NP ¥yNID NN DY ,mMnnnn
DD NNNSNN MINY AXP KV OININ PIPD

MNP DIV PHNIN DY NIPAN TONNI NMVNY DMIDIN DMVHIO :1 NYaV

99093 SYNNN M1 NILVN V199
AN DT HY MDDINNN NTIVH MPrTa
219707 TONNA 219701 290 PHNNN Y
TN DN19VN NINN 7)AY DINNTNN NINON NV
DNV DXPOT INNI NAY INPD INNDY 259949 1999
NN 92D 7N HY 1951N) ,9I190N ONIN NHNNN
non oy TPH-CWG norva vy — 0NN
NNANN MM NN APYN YXIADY PONNN
NPION 2921 DMNN 90N 29D NPNPIAD
.DMVNINY DPVIHN DIIINY
NI INND NI DY YAWNN 310D Y2IVAN DI
MTHY NPIDMIN NTIYD MPrTa =IrA}s]
DMINTIN MMNIT LY ,MDVLIN NNDN DY VPPN
DPDOPYTIOR NTY MPIT2,NWVPIP Pl
STWY YD
19909 NIRNYNA DIVN NINMY NV
, PPN THINDPIAN MDOYAN PN INK APYN
NoY2) ONINTIN NP YPIPL YPIN nRlR il
MPIPN NN I A¥PA NVOY
.DXDYT DIANND
DN MMPNI DT NDRY MTIP) P19 MDY vITTN 18NN MPNIT DY NP
189N 21994
ANN TR MIINHDN PPN
NDPI MDY DMIWANNDN DININD DY NP2
.DXDIN NN THNNA TNPN PTH NV pH
POVNN
;219007 TNND NNXMN NTIVH MPrTa DYWYITN NI PIDIN MNP NMINKHN DY NP2
nrlnRalAh
YPIPA DXDIN NYNVN MINRY 7D N0 MOOYAd
MOOYAD DMPINRNNN MV ONINX DY NPNY n»Mon
219000 TIIND NN DTV MPITa
.DMNPNR DIONNT 1NN NPION NP marvH
VPP OONINN N2 NN DY YN NHIp nY%90
21901 TINRD NNXMN DTN MPrTa
NDP MDY DIINNN 0PN
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Leachatle Collection
and Treatrment
{Optional)
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Cowver (Optional) Contaminated Soil (3-10 Feet)
2:1 Slope Soil Vapor
Al Infectlon and/ Monitcring Probes
rin n andar
Extraction Piping Alr Inlet/Exhaust

Nutrient and Moisture
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Leachate Collection
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NN VX 9Va .opPdT SVOC ,VOC 9 nand mm Yy ,ovidNy mbdyn 90-320 SV '9nvH
YPIPA TONOPI MDY DOUNT TUN DMV DXIIND WY INND N1 N ,MINYI YPIpn
10-20-5 555 7772 NN DNDVN KN YPIPN DY NONIVYN JOT 7990 DY NT NNV YAV YPIP M
DY YPIAPN OIMANNDA MDD, MPT

mypapn oyn — (HTTD — High temperature thermal desorption) N1M12) 90V N NPV ©
2190 INVY NI 7Y DIV AW 57T NMA) 9NV NPV DMLY MYYN 320-960 SV '9NVY
»MmM M7 Mo ,PCB ,PAH ,SVOC Sv mTa5 nvsprad 1yvrn .pivn\as» nouwva
A2 OTRYN VYN IR DN YPIPD MNON IR NNYY 912 MM 9902 NIV .NN2TH
MMANNI MYND ,MPT 20-45-2 NI DIDVN RN YPIPN DY IONIYN T /990 DY 1T NNVA
DYDY YPIPN

0Y9999N DMNNMN N 3.1.2

MINPOMN DPWNI IMONN ,0NOY NNNIN NTIPIY ORNNA ,NMVY 79902 DOTINND DMV DIMIN
199V , 01NN 107N AYNNN DNDN DI DIHVLY INNPNNT DIV DN .IINN KW NPHNIIN MNONI)
YND DY DIVY TI0 DIPNNN DN IYNR DINNYI DY YSIN TUN MNIN 190 .0INN YT YN ,NTIAYN
.D1)2 519201 NOIYN NN DINN XN MWW NN NINN NN WIAYD GR) IV YTV NTHIY
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,PAH ,VOC ,VOC ,GRO ,DRO) ©p512 mmmmn mypipa 51905 anra m»y TD nvndnov

HPLY DTN 99 NAY NPYY91 ,PCB’s-) 099,019 191270 MmN 019910 DXONN ,MPaD)
MYYN 930-59 NNNN NN 1YY MATININ

N7 100-5 v 9nv w1 VOC 7an 8 325-5 non (yy PCB ,PAH) SVOC may 9ymn '9nv

9N N2°202) DXO1IX DIV NN NPVITIVON NTIN 9NVN MMM 9NV SVOC-1 Y9V M) 1252
LMIND DY HODLPANN DYTNN XN DYDY DI

DONIN2 MTHY MNN DIDVN MNIPNN NNIY NNTY ¥ 009910 DOHNN OPN DNNVIN NPNI
.DODOYNP

ADON N 995N Y3 MINKY TN ,MONND NI ,DMONIIN-ON ONINTN DINVY TYPH IPNX MNIN NPV
VOAN Y PPNID DV NIYNI NNPY ¥ NINRT DY NN IV DY 97070 NNV MOTINNN ,NINYM
YN DN NNIY OINNND ION ININ 2PV .NVYAN DIV MPNNI MONHBNY XTNHY TN DY PNND
17N ,DI8NNM ,VDION NNINTI ,0NINNI IRKIND DNINDN DXIMIN VIVAY X IND ,PIANND DIDDY

JTY N9

Y92 TNYDY 99%-Y DyN DY NPNIN MDY PWND 112 01901 A1) 091307 YPIPn 1NN Mono
2070 0.01 W 5T 9702 DXNPNN 90

,DMVITIVD OXNIN NAY N N /990) DMIPOXY DN DY GrTIN 9NV AN MINID N 5 NYava
IMAND MWD NV NIV NMINID 1N 6 MDAV L(DIDVLN NIXADY YPIPN MIINND HOVN MYIVIN)
:MNY NPT ONDA DMNINID DY MNY MNP 92Y 209N NIV HY
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DMIPOY DINNN DY Y1) 990 :§ NYav

HAP
Maphtalene 218 °C
Acenaphtylene 280 °C
Acenaphtalene 2719 °C
Fluorene 295 “C
Phenantrene 340 °C
Antracene 342 °C
Fluoranthene 3715 °C
Pyrene 393 °C
Benzo(a)Fluranthene 482 °C
Chryseen 488 °C
Benzo(b)Fluoranthene 480 °C
Benzofk)Fluoranthene 480 °C
Benzofa)pyrene 3711 °C
Benzoighi) perylene 550 °C
Indeno(1.2 3-c d)pyrene 530 °C
Hydrocarbures
Essence 221 °C
Diesel 343 °C
Fioul lourd 443 °C
Autres
PCB <350 °C
Phenols 310 °C
TNT 300 °C
Cyanide 430 °C
Mercure 320 °C
Sulphure 414 °C
Solvants chlorés 60 °C

NV MNAVNN DRI NIAY DN NV MDY : 6 1YV

Effectiveness

Contaminant Groups

Soil

Sludge Sediments

Filter Cakes

Organic

Halogenated volatiles
Halogenated semivolatiles
Nonhalogenated volatiles
Nonhalogenated semivolatiles
Polychlorinated biphenyls (PCBs)
Pesticides

Dioxins/furans

Organic cyanides

Orgamic corrosives

2 2

1

Inorganic

Volatile metals
Nonvolatile metals
Asbestos
Radioactive materials
Inorganic corrosives
Inorganic cvamides

Reactive

Oxadizers
Reducers

Lad e [ g L L D bt | e [ bt bt ek ok bk ek ek

Lad a2 ad 1l Lpd LD e b el b bd B2 b B B2 B2
Led lad el 1l Led Led Lad B[l Bd b b2 B2 B2 b2 b

Lid b (L WD L Lk WD B [ LD B B Bl B e e

Key:

1 — Demonstrated Effectiveness: Successful treatability at some scale completed.

2 —Potential Effectiveness: Expert opinion that the technology will work.
3 — No Expected Effectiveness: Expert opinion that the technology will not work.
Source: U S EPA_ 1991, EPA/540/2-91/008.
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919501 7972 V)

3.1.3

:(1X2 21901 NPNNI NPVN KN) MDINN DIVN MINNN TONNI NV DMIVNID

0N RSP DN DY YPIPN HY ,DINNHOYNNN DY /9001 — 91901 1990
LEL 1300 1INX ,NN2 — 91907 XN 90N

21907 XN PNV YN

(919201 RN) PINN 210 MPIN

TN DN NP0

DNINY 795 DN DN DIV SYSNN 9NV

TONN M O NI 19NV

D219P01N NNKY DO OO, YPIPN DY NNON 1900

9ARIPO PN S pH-Y 9nLv

VPPN DY NP9 N1YL NP

TD 50915502 919500 MNIN°
N9V DINVY NNV NI NMDY
DYNNI YW NONY AN NNVY NNNNN

DN ’2NI2 NI DIV DY NI PO

TD 51513502 519501 MNION

ToNN2 SN AN NPD MNOYY YPIPA MINYI MONHNN .NITID MONNA NPVY NNHRNND 10N

.M 99V DINYVN

IN MO0 ,NPNIN SY N8P MININD KIND ¥ YPIPNN DITINN KON ,DPPI9NN DPN DIDNIN

N9V

OV NVPRIMIND YPIPN DPIND TIND DX NMDYN NI NIONN TONN

NONDIWIAM SV OTP DIV YITI DPMYHYHR MV PNNN MYV MYPIpa

On-site \ Ex-Situ 59183 TD 50191503 99’0

NINOVN NN

315

3.2

3.21

21V JPNN OR NYNWY NIV YRR DY yxannd 515 (Thermal Desorption) TD n»n51501a 5199010

On-) MYY MITIAYN INNRI OPINN MINIT DV 1PN N IN L(Ex-Situ 5)19°0) anND \Inn opmnn yap

9793 NOTIN NHPN
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:[16 9PN] YPIPN DN MOLIY 19010 P

2PV NN OV DWPN @
21DV XN NN ONNNNN DM DIPOTIN DY DOV DMYAN o
YPIPN DN D0NNNY DINVN NN TIN N 20N MK DN TYN YOVNPD JIY DN O
191N2
DY2NYN DN YN MY NPVN NN YPIPN DIPN O
PO Y DN O
YPAPN OV YW DYON e
21901 KN DX22INDNN DYV MYNNNA IXPNT TIDN MY DMPN O
VPPN TIN DX MY OMNINND ON PNX IN NVP MY DIPN O

YPIPM M9V 12INDN IWR 0NN (Rotary Drum) »YPaIN 22IN010 9N 0N DINIVIN 21DV INN IND
NYMOLNN YPIPN NN YON MUK 10N INA N L,(DXINN) O1IIN DN ORN ,NPY NNNI NNNNNN 1A
SNOVIPIN JIY MYNNIND D920 DNIND)

Burners Thermal oil Electrical Friction

YPIPN SW1 190N RN HY MNY DINN MVIY SV ONNID DOVIN 116 9N

01p-99%0  3.2.2

NPN2NY OMINWIN DY NPNINN PHINK NPNDN IDVN TONN NN DYDY 1IN DY ,YPIPN MNON 19 LY
NYYI DIDVN DY MIINN DIDVN NTNNN 2D OMNY DINDN DOTP MNPV WY 1IN, TPVINN NYPYN
21901 POYNIND AN MNINNDI NPINDIN NI NP NINON NHYA XN YPIPNY Y3 TN LW

TN DNIAX NPNINT ML YIDW NWY ONIMIN YPIP OPINY ¥INY 1N DY - msvnmmn e
TN MDD YN DIND PN NN IOWN SNIIN YPIP DPIN .YPIP PWN PIDNMY PIon
Rapillary

Y, NOIYNI 1IN MIAVSNN INSIND MDPND YNNDY DN MW IR DTHND MN DY - ¥H1a» e
NOXND ,PNX O7Y Y1 MYNNNI YSINND YPIPN YIA» .YPIPa MDVIN NN IN NN
STIVY W2 HON9) 1IN DY 2129Y 7T INDIVIX ,DI9-709°9 NPNTNIV MYNNNI
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VAN D1 DXADIN DY IDVY NTYPNN YPIPN 112 — NDPVN HY NN NIADN IINNN
,TONTY LTPNA YIS IN MOPN RIY D 51905 9N NIV NN NDINRNND NI N0 NYIAP
DYPYPON DININ N O DY YPIPN DY 1129y YNID 1N PN DY 1PHNP ynd mn by

2y M D»DY02 OIMMT D) DIV pH-S WIND M Yy NNY ,OXTPN OIN DY TONIM DINN
DT 190 DWVWNT NN

21907 YN KV (1) MV ,pH) YPIPN MNON DY NUTINI NI NIPA YNID ¥ DTPN DIV INND
MY’ DN NPV DY YTV JPNN YSINND DIIN OTPN DIV 0NN DI (1121 TUN TV '99V)
.DYDVYNA DIV DPIPIN DN DY PNND

AN MYKY 3.2.3

NN — TYY NYIND TY 190N AT DY NIXDN NOVWY TIN 2190 RN TIN X YPIP DW NRN — 5N NN
DIVN NXIN DINVN RN .M D2 OMINVIN 1IN YPIPN MNIONY DOXNNA NYYN MIYINII NIVIRNN DIYIN
,22190N MDY AR NN NIND PNX NDND PLIDND YNNI >TI2 DIPNRN MIIWNI WHNYND 1N
IUN DY 5129y DY IX YVVD NPNY 517 YMHN DINV XN .TONNN NOA 12 DOV YWY 1N NN NN NYYNI
DIND NYYW NOOVUNN NITIN ,YPIPN NPIN NOTHNND IRNIND DIV DY TPVINNRN MWD NN DTN
222IM0N DINV NN MYSNND,NPHNG NI MYXNNI NPND 21D 799 D129y . INYN 1N NN

(MVLO NIIWYN) MDN I L(912TY DY NIIWN) VN 2INDN NN 57772 MOION MY — NN NN
N NNIYY 1N .MNTH YPIP NN I2ITH TWRD 1YY NN NN TN .21V MIMNNX TIT 12 IWN
Y 2N MYNNINI DN NVOWD NDIRNND NN TN NN NN NI NOYSN TIN NONIUN I3

NN PNX DR MIVAND K91

19202 MMBYN .OMNY DNPNN MDI MABXN NPIN 21V MVLIY P NPDY IRNYN NPNN 7 1YV
NMPY NOY NN OIPOPY DY NYDIDN MOYNN WIOYI P NINNNN TA92 1INY DI1IDVN NMDYD MON»NN
: ANND DIPOVY 1NIN VOY NN DY NND)

NFESC, ) (mn30\n989) ¥ipapn 730 nvowa muno TD no151nova 51905 Ry mnby :7 nbav

(1998a

Continuous Thermal Desorption Technologies Batch Thermal Desorption Technologies
Small to Medium Direct-Contact $40-$200 per ton Heated Oven $120-$250 per ton
Rotary Dryer
Large Direct-Contact Rotary Dryer $35-$100 per ton HAVE System $48-$51 per ton
Indirect-Contact Rotary Dryer $80-$150 per ton Thermal Blanket roughly $100 per ton

Thermal Well

Indirect-Contact Rotary Screw $100-$150 per ton
Base-Catalyzed Decomposition $322 per ton
Process (BCDP)
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Ex-Situ 59009 mypap oo 3.2.4

NN NN N2 MWD DY 190D HINDNOVN NN DY NPNIYNRYNI NYIVD YPIP DY NPDAN MNOND
TNYY MOLN (PIPXI 75-D DNVPN DOPIPON) YVPD) PPN PTY IMN DY D) DIDNN DY MYPIP
DYINN NXDY TAN J9IND ONNNNY KD ODY TWUN YPIP DV (107D 5-35 Hyn HY 0P DY) OVT) DOV
NIND NN T TY DITHIDY 720XND DXOVN YPIP OWN ,GDN VAPV DT WIN IR D19V DN
DN MNYY PN MYPIP 29I I9IN DY M) HINK DY MYPIPY DX NI 9270 )PNN2 NPINID MOPM
oY NTNRN DY AN DNIYNT TN IRXIND HNVNN NN DN OPPIN HY YT NN MND MINIPNID
NNON NPNA MY MOV NPVLOYAN NN NXY YPIPN OPIN NN PITAD ¥ .DPIPINN NTIN MIIWN
.219P01 HY 2129¥N) NYONN TN DIV NN NOY HNIXIDIFN NN TN TN DY 190N

DIDNT MDY M MIVT NN DY NYPIPA .YPIPN HY MDLIN HINNK XN G0N YMYNYN 10NI9
19Y7) MND D8P NPVN TIVAD DIDIIN DN ,ON .0MIN DY MAXN DIND DH1P DY NN NN
D212 DIV MNP NN DY DNYNN NVIP DY

TINANND MNPP YIAMD NNINN OIND NOWNN MIAPYI NINWND NVWY YPIPN OPIN 210N INRD
OOYN OY TN MY 7P NDYN ,TPON 191N 99V MOYdN TD NenvNovIA 931N NN DLVIN

(3.5 PYD NN NIV IN (3.4 PYD IND) NN HY D10 MLV 1ayna TNPNIY ,NTIAYL 9NVl
DY AN DN NPT IXPIAN YPIPN DY NNNYN HIAPpNN

Ex-Situ — TD ypnn Hyam pon  3.2.5

MYPIP PN DIV TNY NV DN ,NIY OMNINNIDY YPIPY DORNNA YN NIDVN PN DN
ANP L,YPIPN TN ANP 9NV NNV) TPDIWON NIPNIN PX9DN WX RPN TN PN DN
(T, D230 NYon
NIN2D PNN NOI MY N30 DX NVIVY WIND NN DY DIVN RN YSINDD PINOITIN NPV e
VON NN NN DY DIV MOIYN .01 MNPINT YN 1IN DY D31 8NN OTINK DY NPHYY

.(damper) NN MO NMDIYN MY PNN NDD NYINY NINRTI WM NN DIV ONRN NI MNIVN

SV DMINY KXY DINND YN OVINR DN ANP DAY ONYITN AXPA YNINHD YPIPN DN e
(MSyn 90-100) NI '9NVY DIN NYY) NYRIN ADWA .DMININN DY DMNDID DMWY MNPINN
.DMINTIN NN MATIND IN MM /990D 1PDY NPWYI 1910 INNRD P ,DXTRNN DXDN N2

D) YPDN 1IN .DMINAN T YOONI TNANR DIN N NPV DINN THNNIA YPIPN 22y @
YNINNY DI0¥N 289) 190N TNINRD DOWI MIXIPM 21DV NYNND) YPIPD NN OPIN NP
YPIP OPIPON PNIND 0¥ TN YDONVN I (TN NONYN DT DN NV NN IPOYI
21900 NN DI DY 1INY? WX DIPTY

2907 v N2 NMNOY ORNNA MNYH TD 1o51Niva 51905 0IPNN NIy NMOYN NOWN e
ANY MO N VPN DV YPIPN NMNIY D35 T NONVN YPIP PV NIY MOYNYD
AP PN NIV ,DXTM) DMIPNN NIAY NMDY NIV NNODN 8 "DV
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MYV TIND 0915 EX-Situ 910 51900 %PpNn DY N8YmM NOYaN 9NN DY NPPM DmNn - e

2YTNY DYDY PN MNON NPITNI DIVNIND DN )IIN DIIDNN .XIN NTIAY DY G MOIN
oy , NN MYY 24 HY NI NOYIND PIN ¥ 79D JPNNI NMININD MYPNY NION NN

.7252 NAVIV NPITNT X2I¥) DMIIYON DIDIND MYPNY

05N NN MK 1 [17 99N] Ex-Situ TD 1191502 090 9190 1pnn Y >nnoo Nona

MR 77,0009 YPIPn P2 NTI9NN NNOPNN N2 TPRINN DTN SNN — TYINI DOIPYN
5¥ PYPANDIW 1NN NIRONND DINNIN MDY ,0XPPPINA 919°0) VYMN 1IN DI DNNINA NINVN
IR TIT PNNY YN0NN 1N DIT IMNYY T (DN NPINY

Femowval of
Farticulates

Off-gas

WOCs & moisiure

Removal &
recovery of

Femoval of
residual
WOCs

X0 |

Thermal
oxidiser or
Carbon filter

21920 )PNN OV INNID TN 17 9N

2900 ¥ N2 YPIPN NN JPNN NO 290 MNMITHD NIYPIPL IV NMDY NN :8 NYaL

Hazardous Waste
Size of Waste Site Petroleum-Contaminated (Superfund) Cost
(tons) Application Soil Cost ($/ton)™ (S/ton)®
1.000 Mobile/transportable $90-130 $300-600
10,000 Mobile/transportable $40-70 $200-300
100.000 Mobile/transportable $35-50 $150-200
N/A Fixed base $35-75 not available
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Ex-Situ :9'0 bw m»nan>  3.2.6

N DAKP NPV O O

2910191 NN MINRIY DINVN NMINN HY NIMD MIRTI NN ©

291001 IMIND DY NPINMIN NYAPY DTP DIV YNNI MIVON O

VIDY IWIANNDI VPPN NINON NN NIV 1IN JD DY) PONY M) /9902 IV IWAND O

D77 PN NN

Ex-Situ %900 Yw mnqon  3.2.7

.On-Site 1RV 5190 1PNNY YPIPN YIPY OY MM NMOY O

DTP OV Y NMYY  ©

PP VIIVO NSP PINI NN O

5y N9y by 0> NNa Ex-Situ 51909 n9vonD o550 Pam v ,nonn My Yy mimay mmby bva

SOIL TECHNOLOGY:

.[9 nYav] :190H

Ex-Situ TD 051502 91909 Ny noayn 19 nbav

Thermal Desorption

Scenario A Scenario B ScenarioC Scenario D
Easy Difficult Easy Difficult

Remedial Action:
Media/Waste Type Soil Soil Soil Sail
Contaminant VOCs/fuels SVOCs VOCs/fuels SVOCs
Approach Ex Situ Ex Situ Ex Situ Ex Situ
System Definition:
Volume of Bulk Waste (Tons) 10,000 10,000 300,000 300,000
System Type VOCs/fuels SVOCs VOCs/fuels SVOCs
Safety Level D D D D
Additional Costs:
Remedial Design $26,568 $73,800 $335,792 $730.623
Thermal Desorption Marked-up Costs $590,402 $1,845,009 59,584 049 | 524,354,104
TOTAL MARKED-UP COSTS $616,970 $1,918,809 | $9,929841 | $25,084,727
COST PER CUBIC FOOT $2 $7 $1 $3
COST PER CUBIC METER $81 $252 $44 $110
COST PER CUBIC YARD $75 $232 $40 $101
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RFI-5 »21n0n 799 EX-Situ 91950 s»pnny mnnns  3.2.8

12520 MPNOMPYY 1712NY WwnN WK RFI-1 »1n0n 7inn Ex-Situ 52910 91950 npmsnsnd mxmnnT mxis 1m0 10 nvava

NTIIY MY 0N PV 1.5 = YpIP P70 1 97y MNVA MP8N MP1vn .md=1€ ,m3.8=$1 0ywn 97y DYPWA NMNKIN NPYYN : 1YV DY PAN DXITY NN TNV
(Mwa Ny >’ 280,012 NTI2Y MYV 10) 2,800 = Mwa

RFI-n »2non 7nn Ex-Situ 1590 51900 mnnnT :10 NYav

152,000 : ypnn Ty : 0PN
m 192,000 - m ;DAL | OYPYN 60%
120kW :9nwn
mono) vhnd 95 Y nnnn Sy
5:0M
21909 7PN NNNHN — NWIT 63= YN
nLVY .IYW\PID MY NV 5,600
VDY L (PNNA NN PVYVP | I PP | 3,000- ALY In TMD M
1.5 :919°0 ynnd (Nyws o 2)
:IONIVY PN 2NN YWPWYN 40% | 30,000 | HYWONLY | DYIINDH | NN 1) by
nLY + ONT DY YPIP MY
192,000 ANIPO NNNNOY | P\ | 200-450 | N9I9D YT nPYNYN
" 50 PNONX Ty OV DY
140,000 : MpnN nna NTaY 10=5 N9
YO NLY OPYN 30%
. 220,000- ry MMy NNY P
DNT 2-5:901
- 320 : 990 JONRND TV :MDVY
MYOY 480 20%
M 112,000
NV 40) M5
190V N BAR PR
My (Nyw>
Sv maIn 12MoN 19N 1) 9y
DY DY YPIP
87 550 (8 NPNYN
5% Ty OV
PN
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Skid-mounted indirect thermal
desorption plant - DEKONTA, Slany

Dekonta n72n 5w 9>py 0101 7 TD ypnn : 18 99N

HPC n9an 5w TD ypnn : 20 998
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bridour individuel
NSR1Y

braleur Individuel
NSR1Y

brilour individuel
NSR1®
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Il B : . R
B (- R - - : 2|
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N 1| B -.I:I.- : - MR . =
‘o . ' - - o v e l.l
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Figure : Heating elements in the soil

SRT »1an 5w TPS »on TD ypnn : 21 99N
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Ludreco SA n1an 5w TD ypnn : 22 99N
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In-Situ 593 TD n¥onova Movv 3.3

ERH (Electric resistance heating) m9nwn na%n mysnna omn 3.3.1

TOWD NWNYN YPIPA MNDN YPIpn 71T Y9nwn 07t Ay In-Situ TD »nan 51905 1 nova
TIVNY MNINRS-NON HNYN DI YW NWIY INN D190 .0IN NIXOND NNSY YPIPN DY NYTHNIM
9NYN D12 YW NYIYN NVOYW NNMP .DXNT DMK KW KON NN MIPA DIDVY YHVN MTMIVPON
MTIPI 1Y NSHYYY DIND N NN TPNMYI 1N NV TR ,IVIVND MTIIVPON TIVD ,MINS ww Dya
92PN MONDNI ,D¥ININND IX DY DMDP MYNNINI NIPNIN MTIIVPHND 190N MK MNNH/NIP
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Figure 2-15. Schematic of Typical ISTD Well Field.

(a) Cross-section showing one heater-vacuum well and two
heater-only wells within a larger pattern.

(b) Plan view showing thermal well field layout. Heater-
vacuum wells are located in the center of each hexagon,
and well spacing typically ranges from 6 to 15 feet.
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Figure 8-1. Moaodified Monitoring Well.
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SOIL TECHNOLOGY: Incineration

RACER PARAMETERS Scenario A | Scenario B | Scenario C | Scenario D

Small Site Large Site

Remedial Action: Easy Difficult Easy Difficult
Media/Waste Type Sail Sediment Sail Sediment
Contaminant SVOC SvVocC SvVocC SvoC
Approach Ex Situ Ex Situ Ex Situ Ex Situ
System Definition:
Type of Waste Soil Sediment Soil Sediment
Total Volume of Waste (CY) 15,000 15,000 100,000 100,000
Size Reduction Materials Processing No Yes No Yes
Safety Level D D D D
Waste:
Moisture Content (%) 20 55 20 55
Ash Content (%) 78 40 78 40
Bulk Density (Lbs/CY) 2430 2430 2430 2430
Mobilization Distance (Mi) 50 50 50 50
D&M:
Years of O&M N/A N/A N/A, N/A,
Additional Costs:
O&M 50 50 50 $0
Remedial Design (3%) £347.647 $511,396 $2.,024,029 $3.096,904
Incineration Marked-Up Costs $11,588.242 | $17,046,523 | $67 467 651 | $103,230,123
TOTAL MARKED-UP COSTS $11,935,889 | $17,557,919 | $69.491,680 | $106,327,027
COST PER CUBIC FOOT $30 $44 $26 $40
COST PER CUBIC METER $1,047 $1,540 $914 $1,399
COST PER CUBIC YARD $796 $1,171 $695 $1,063

9793 NOTIN NHPN



PR16014 - 55 - 2016 YanNT

RFI-n 55101 799 EX-Situ 91950 59009 mxnnt  3.5.2
Y3 95891 YV 9P»YP MDY NIV YN

N POIND DXODIND ,NIYD MNMITD MYPIPY MNDI MYPIP VNP NN DPIDN PN e
MPXI MNDM NTION NDYI) DY DTP DIV MY MYPIPN .IPPIPN

PP DYV D, PNV DN DY HNAN YN MYNNNRI DNINNDN 2INDN WAL NYSINN NPIWN  ®
NN DYOIWIN DYIN MIDIN YW TN 9190 871D 1,870-D W) (V9 PIPT YONN YW MNY ANIN)
.30 91N2 )W125N YV ONNIOD IPN .87 1,480

M5 SIM<3.3% a2y : 19510 HNKD (SIM) 5971 NP> 02 MoN MYpPIp MY NVWPN AP @
.0.6%-2 NN MY May OYY NV 300-2) 0.2%-Y NNNN NI DY OYY NV 1,000-5 N NVLOPN
N NVYHPN M NPLIN NMIYPIP N2Y .OPY NV 100-5 YN NVIPN M 3.3%<SIM<5% Ny
MYITIN DRNTIN YPIPN NINON AKX NNODN 12 1YV .0 )V 200-

NMNONY ONNNA ,D7NNT TIVNN DY YAMT NYIR NN NYSINHD NN MYPIPI MmN NvYp
TONNY NNRNM N2A0Y MVLIVA DINNY NMNVIN TYN ,DMINNIN DY) YPIPN DY NPOPID NP
.oyana

W) DY IPYOPN NN DY 2121INDNN 1WA 30 N

17y¥2 NO1IN WHIPN



PR16014 - 56- 2016 92087

W) HY9N D19VY NVIYPY MYITIN OMVNINM YPIPN NMNON 112 NYAV

[ Metals | Cd+Tl Hg | SOs cl Clay TOC | mron
*2 | : minerals*1 | |
ppm ; ppm | ppm % | % %____—%A: %_—_
caﬂﬂm_'[' <20 | <0.155 | <05 06 | S0 <3 <25

*1= %[5101+ﬁ|103+FE_:_D;_] ®

*2 = ppm[Sb+As+Pb+Cr+Co+Cu+Mn+Ni+V] e

HPC n4an Yw 1959w ypom

.83 870-1,200 YW MNN2) '9NVI 1INV WAL NYSINND NPIVN @

NI 79NV NP NIV DY NNV TN DY NIIWND DININN DIPOT e

MW NV 5,000-100,000 D¥ A¥P2 3PV 200 TY OV YPIPA DMINN 1122 DIV TYPN \PNNN - e
STOIDIR PN .DOWTIN 6 TY 4-5 NONNXPNNN NHPN - @

DM YPIP PO I 50-350 — (\PNNRN NRPN MDY RID) NPV MDY e
0”N220 OOV 3.6

mourvaa avv  3.6.1
92 ,YPIPIN YTRNN TUN DIDNN 12VIN KD TUR DINNTNN DY NPEPIN 5190 DOWIN'T DPNIN DINPV
DYVYAN DXIM ,2INVN KN DOXVINN OINN — DMIPXY MV YTPIN NV DIY . PNXD ML) Y

.CO2- ,CO ,NOx ,SO2 on Dy»dNn NOIWNN VIND DMANN DMINTNN .DIND NPION NIIWNN
2¥) MONN Y NPIRY O TX PPP2N 9N VOCs Apoya 0N 71900 RNND VOOND DIMAND DIININ

NN NNOON 13 DDAV .(DI19OLN 9NV MONI) DN DPOPINT ,PCBs (171 NN N DPYPONN 1)
ININN NPVN TONNA DXVYNN DIININN IND
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NN 91DV TONN DXVYNN DINNTNN MND :13 NYaL

Air pollutants Potential sources Emission controls options
Combustion Heating system exhaust Design of plant {e.g. low-NCx burners)
gases (2.9. MOy, ie.q. boilers, burners etc) | Choice of fuel (e.g. electricity or natural gas)
CD, 504) System efficiency
Combustion control
Selective catalytic/non-catalytic reduction
Acid gases (e.q. Treatment of wastes Meutralisation — e.g. using wet or dry scrubber
Ha5) containing sulphur
W0OC's & odour “olatile contaminants Condensers
(e.g. mercaptans | desorbed from waste Thermal oxidisersfafterourmers
and other organo- | material into off-gas Catalytic oxidisers
sulphur Combustion in boiler or engine
| compounds) | Carbon adsorption
Particulates Carried over into off-gas Cyclones
by air extraction system Scrubbers
(e.q. 1D fan) Fabric filters/bag-filters
HEFRA filters
Boiler plant combustion Choice of fuel (e.q. electricity or natural gas)
Metals (low Carried over into off-gas Carbon adsorption
. volatility) with particulates | Particulate abatement — see above
Dioxins & furans Treatment of chlorinated | Wasie acceptance analysis
FCBs wastes leading to Particulate abatement
formation in off-gas Carbon adsorption
Operating temperatures
Yolatilised metals | Volatile contaminants Waste acceptance analysis
(e.0. mercury) desorbed from wasie Carbon adsorption]
material into off-gas Operating temperatures

Ex-Situ 59032 mypapn vy 3.6.2

D>TI01Y DYDY NOVY ,DPYRI DXYIAD IN/ DYNDN DNVY TIT DYDY ,INNRD \IND YPIPN NYIN
ST YN YONMY L, NPRYNND NDIDN DY NMODN NI NV NN ,PaAN ,wy) DYON D19 DYNIAD
. D101 DMININ NDIN NYA DINNY DIIDYN DD D1ININIVIA DMDPD DIV GO

Ex-Situ %9'0a2 myppn ponx  3.6.3

NN DIVX NN DY P, NPVN INKD YPIPTN DTP DIV I YPIPN ,NNMINN YPIPN NONN
DYXDNIN DIVYN .DMINY ONNNA ,DPVYNI IDV YITMN 1PN .DIDVYN NN IVINNY
NPNION NMONI NIAVNNND NN NN DIDNIND NPNY D¥IN DIDVN PYINN N MYPIPIN
MYPIPN YY NPXII-NPION NNMONA AVNNND ¥ PNRD ML NYNINY D190 MOIWn DY ,0NHY
LDIVIRD VIO ROV T NONRM NN NN OIRNNDY DMWN DIAOVA
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YNID ¥ 0DNN PNNL NPV DY TNXN NTIY,IINNND 7P NONRD - DIPIDT DT D) MIIVINA
AN DYPOPON Y910 NNOY MDD GUN YPIP YV NIPIAN DAV DD

,DMPNININ-IN DN NHOMIIN YPIP 12D 0PN DXININD NN YPIP P2 TN W IWAND NN
MNMI MYPIP D11 ITNHN IYUR G0N MIIYN 1NN DIV 29 ¥PIP 1PV 5190 NN YPIP P
TNXY DI0IN NDIDN N OTP-2IDV TNND YPIPN DY 2129y WITH NN .DDPN IR NPPI NYPIP2
YPIPN TN INY TN D170 NWYI ROY RTND YTI2 NPININ INK APYNI DIV DY ¥ 51900

2101 TONNA YD NOVYY ONIVYID NN NYID NNYS XD YPIPD MNINVY ¥ TO2Y ,NHMIIN

NVOYYH NN DNNNY TI2 ,DIPNY DIPNN NMN DIVIWNY AT 1IPNNY NN YPIPN ,2I190VN DD INND
AON MYIYA MIAYNNNT MIND MDIWN YSINND D10 MIPWN .1IN 01,0 poNN

DMV DN MDINN NIYPIP DY INXN 12 190N MNPNN NN MPITY NOYD v

TN NI YUN DINDNINA D19’V 3.6.4
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DT e
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NPy e
MV NN YN DY NIV YOI, NI DY TIN) HNK MDY OPYTINPNIANDTY O
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Typical Process Arrangement
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99N D190 YNNI DIV NPNNI NIV IPNN DY MNY NMDOY DYPYNN NPNNT WYIN NN 214 AYav

Area relevant to noise/ . Noise level
: : Reduction measures :
main emitters Lywa in dB{A)
Delivery of waste i.e. noise
from lorries etc.
Shredding Scissors in tipping hall 05-99
MNoise insulation of the building with gas
concrete, gates with tight design
Enclosure with multi-shell construction
Boiler building or gas concrete, ventilation channels with |78 - 91
connecting link silencers, tight gates
Use of low-noise valves, noise-insulated
Machine building tubes. noise insulation of the building as |82 - 85
described above

Tipping hall closed to all sides 104 - 109

Waste bunker 79 - 81

Flue-gas cleaning:

- ESP Noise insulation, enclosure of the facility |82 - 85
- Scrubbing e.g with sheets with trapezoidal 82-85
- Suction draught corrugations, use of blimps for the 32-84
. Chimney suction draught and silencer for the 84 -85
- Total flue-gas cleaning |chimney
system 89 -95
Disposal of residues
- Bottom ash discharge 71-72
- Loading 73 — 78 (day)
- Transportation from the |Enclosure, loading in the bunker 92 - 96 (day)
plant
- Total waste 92 — 96 (day)
management residues 71 — 72 (night)
Silencers on the suction and pressure
Air cooler sides (see also BREF on cooling systems |90 — 97
for further information)
Energy transformation Low-noise design. within specially 71 - 80
facility constructed noise proofed building
Total level Ly, of the plant
Day 105-110
Night 93-99

Note: Day/night indicates that the operation is usually carried out during the day or night.
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(International Case Studies) o%ya ymasapn 3.7
D2V DI 2VY 1N MPN 190N MK NN 16 NHaIV2
D2IYNN MIN NPVY M MIPN 116 NYaV
Project Name | Location Parties Involved Years Primary Type of | Treatment Description Operating | Treatment Costs
(Contractors, Performed | Contaminants Soil/Waste Capacity
Consultants,
Regulators etc...)
Sungai Bera Negara Envirosoil 1999-2002 | Aliphatic Oilfield Materials were treated on site in an | 12 ton per | Treatment:
Remediation Brunei hydrocarbons, wastes  from | Astec Indirect Thermal Recovery hour, 240 | 4,000,000 USD
Darussalam PAH, asphaltenes, oil ) system where solids were thermally | ton per
waxes, resins. Up exgloranon treated in an indirect rotary kiln. day.
to 150,000 ppm glrlo duction Contaminants were thermally
TPH activities desorbed in the kiln, then recovered
in the system’s scrubbers and
condenser. A scrubber water
treatment plant continually
separated the recovery
hydrocarbons. Which was sent
back to the oilfield distillation
column for re-use.
Central Vineland, Mid Atlantic Start: 1997 | Coal tar | Soil Permanent treatment facility was 45 ton per | Facility
Treatment New Jersey, | Recycling Facility is | contaminated permitted and constructed. The hour, 900 | construction:
Facility USA Technologies Inc still in | soils, up to 30,000 thermal process equipment consists | ton per | 3,200,000 USD
operation ppm TPH of an Astec 8’ direct fired thermal day

treatment plant, truck scales, two
large soil processing buildings and
assicuated conveying systems.
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Project Name | Location Parties Involved Years Primary Type of | Treatment Description Operating | Treatment Costs

(Contractors, Performed | Contaminants Soil/Waste Capacity

Consultants,

Regulators etc...)

Coleman- Whitehouse, | Weston Solutions inc | 2002-2004 | Pentachlorophenol | Soils Materials were treated on site inan | 18 ton per | Facility

Evans Wood Florida, (up to 25,000 ppb) | contaminated | Astec Indirect Thermal Recovery hour, 360 | construction:
Preserving site | USA and dioxin/furan | from  wood | gystem where solids ere thermally | ton  per | 3,500,00 USD,
Remediation compounds (up to Igzs‘:’l{f\;ﬂiﬁ?ﬂg treated in an indirect rotary kiln. day Processing:

5.5 ppb) activities Contaminants were thermally 25,000,000  USD
desorbed in the kiln, then (220,000 ton)
controlled by the system’s
scrubbers and condenser.

Former Shell Eugene, Hart Crowser, Inc. 1997-1998 | Benzene, GRO, | Contaminated | The site was a 0.4-hectare site in a The total turnkey
Bulk Storage OR, USA DRO Soil and | light commercial area of Eugene, cost for design,
Terminal Oregon Department Groundwater | OR. The remediation approach permitting,

of Environmental included the installation of 277 operation,

Quality heater-vacuum wells and 484 demobilization and
heater —ponly wells to treat reporting was
approximately 11,430m? of $2,971,000 or
contaminated soil. The thermal 260$/m’

wells were spaced on 2.13 m
centers and installed to a depth of
3.05-3.66 m.

Thermal treatment lasted 120 days
from the time construction was
finalized. The thermal well system
achieved an average in-situ
temperature of 282°C. An
estimated 200,000 1bs of
hydrocarbons were removed and
treated.
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Project Name | Location Parties Involved Years Primary Type of | Treatment Description Operating | Treatment Costs
(Contractors, Performed | Contaminants Soil/Waste Capacity
Consultants,
Regulators etc...)
Chlorinated Portland, H.J., Vineger. G.L. 1997 (6 | PCE (3,500 | Contaminated | Remediation Objectives: PCE-8 Not Available
Solvent IN, USA Stegemeir et.al. months) mg/kg) Soil and | mg/kg, TCE-25mg/kg, cis-1,2 DCE
Manufacturing Cis-12DCE (39 | Groundwater | g mo/kg
Facility. mg/kg)
TCE (79 mg/kg) The remediation approach included

145 heater vacume wells that
extended up to 5.8 m in to the
subsurface. Secondary and tertiary
treatment was accomplished usinga
flameless thermal oxidizer and
carbon bed (both located in an
adjacent trailer). The remediation
goals were achieved. The southern
part of the site achieved an
operational temperature of 260°C
while the northern part of the site
only achived 100°C (due to an
influx of water).
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Project Name | Location Parties Involved Years Primary Type of | Treatment Description Operating | Treatment Costs
(Contractors, Performed | Contaminants Soil/Waste Capacity
Consultants,
Regulators etc...)
Former Wood | Alhambra, 2002-2003 | PAH,PCPs, Contaminated | The former wood treatment area Total cost for the
Treatment Ca California Dioxins, Furans, | Soil (AOC-2) occupied a 0.81 —hectare design, permitting,
Area AOC-2 Department of Toxic Petroleum portion of the Southern California operation,
Substances Control Hydrocarbons Edison Facility. The total demobilization, and

treatment volume of 11,500 m?.
The treatment area includes a
variety of buried service features
including treatment tanks,
structural remains from the facility
and various buried utilities.

The remediation approach included
an edge-centered hexagonal pattern
with 2.16 m well spacing (780
wells total), a minimum target
temp. of 325°C maintained for 3
days. The off-gas treatment
consisted of a thermal oxidizer,
heat exchange, and GAC.

reporting was
$5,343,500 or 480
$/m3
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VA IPOYA OOPITAN PNMIND IRNYIL TN X1 29731 PNINNN (09D NPPYY NN NN
NINSDY NDMNN NINID DI NPV TYNNA TNXN DY) DADINND DY MMAN NMMOYN
OUAINN

IN2YD IN NI9N) NHN NN NRNN NPND NI YPIPN DV NOPIN TPOINN PPN 9H19VN DDA
V2D, TDIN NIPINN NHOMINN TPXPIN IITNN IWR TY D7y NTNYD DRNNA ,INK YIDIYI NN
A0 MNIOWN IV NPNTNIV NNV TYNND IN NINVLND NIAYD NI PINNN IDIN
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DYIRNN YPIP NOVLY ,TIND NIANT NN YPIPN DY MPTN NPIPIY NADMND DIINI DY NMVINY NN

PCB ,PAH ,VOC ,SVOC ,0p57 - 19270 110N DMNNNIN,DMNNN DHNTN DY 2N PN 19005

Bahmipa)

NPLY ND DY NI DTN MYAVN WX YPIPN OPIPON DX DMIWP) DN N2 DXIT 190N P
IUN OMINTI NIY : DNV DIYPN MO DX NINID I 32 1PN .0 TN 1IN DY YITIN YPIPN
IPN) YPIPA DYTI9) DPIPINI DINRNNI IN (MNNIND IIND INX NPOIND) DOPTN YPIPN dPPPoNY DXNYD

995 NN DN YN DINNTD DY MYPIP NIY ,NNT NNIYD 1OV NTI9N 1PV XN N»vn (b ,a - 32

1 5y M3 NPVVY NNV YWAITM 1M (d ,¢ — 32 IPN) DPNTNNIN DOYPYN IN DNNMY NMINID DPIPONN

DYPYPON DN TWUN DINNI 12 MYPIP .IDN VIDOIWY TN 19¥2 TNYN IWUR 1IN MNP Hapd

NO™MN YV 25V ypIpn NN PavnD v (f e — 32 TPN) VINVX TN DOPIPONI DIRNNI IN ONMDNNI

D191 IRV DMHPIVAN DIINONND DINNINN NX NYND NN DY 190N 7NN MINON

(a) Adsorbed contamination - the
contaminants preferentially sorb on
specific particles such as clays and
peaty matter

(b} Discrete particles — the
contaminants occur as ndividual
particles,

() Liquid or semi -liquid coalings - aily
or tarry contaminants which coat the
outside of soll particles

(d) Chemically precipitated coatings
many inorganic contaminants coat the
outer surface of soil particles

(e) Coatings on pore walls - similar to
ib)and (c) but the soil particles are
porous

if) Intemal contamination - larger
grains with inclusions of contaminants
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(PAH-Y monmn mINHND DUnd) Ny Mo om NNYO0 NMDN MDY DXHNTI N0 990N DY DNINNDIN
IN ANV NPMNTH NPXPID NTIN NNV INT NPNIAD ,NDLYN PYNN DY DN JIYAN MNIN IONN
OV 2129y YNID 1N MMNPN T90HND MNMIN MYPIP DXVDIP IWN DIWIAP DNPNNA .0XADINT VIV
21900 NP OXNM ANV OPNIMN DN I DY NMYPIP DIAPd 1IN DY NYOIVIN NN MYPIP

APNNN 2wWan 5N 11NN

YPIPN DY TOIND PN HN D) PMYNIVYA NI OXNADI TUN ,TING 0PN DININTI NINNIN
YPIPN YPOPONY ONMINN P2 DMIVPN IR IPID TWUR DXININT YIDOY 2NN NTI9NN DY WP NYVNN
NTI9NN PYNN NN DY TUNR GDIND ND OXRNY DNIIN MDY DRNNA .NOMND NIRIN TN ININ 1PV
DX9DIN VIV .DXVINID) DXDNN ,(VW79N) NLY 17¥9 31NN 02001 ,MNNIN : DD NTINA MOPIVAN
NN TIANT YTYN TWUNR DXDN 21V 15V YNT) DIDVN TONNI YINOY DU 12 DIN NI NN NYYN
92 DMN PPNIND IX (MYNYN NN DXADIND MYY) NIIYNI DMNX 1INDY N DY DXINN DXIDIND
NOVWPY DIMNN OMINTIN DI IR MR I 17 NYIVA.YIONY N NDIADY POINN M NN
DYOMYI VN DY .0V D9PIN M DNV 72D YXIN N PONN OV ,THVINA YPIP DLV NPNINI

,ONN MY 90-99% S¥ NPNIN DY NNINAY,(NIP <63) ©XPT 50% TY MD¥INN MNMIN MYPIP N2y
VYN SIMIND YPIP NN VIO

ypapINe 4.3

DNLP) OPT 30-50% DIOPN DY ,NPIIN NMYPIPA DIDVY NMNNND DMIPIVA DIYNNINI YPIP NPOLY
YPIP NOLY YOS MIND M MDIN HY INY DM DDNN DY NMYPIPA NV .(NIPXN 63-74-1
NYYA OY TTHINNND ¥ PITY DAN ,TIN INY DX) NOIN SHNK DY THNNND NI O»NID DIYNNNI
DNN NVXND NPOYL TNXN DY) ,DOYNT HIVXNY NLN YR PNPDIND NN NN DY NPYIN
,P0IN HY DY) DIDNN NN AWN) 190D NDIDN YPIPN DY M) MV DNNX .NPTN 1PNPI9N
NN NN DY NPMININD NPY NNHDINDY D1 911

NYP? YPIP 2N 1IN DY M) INX 1D DY), 009N DY NIV NPYP ND1DS DY XN MDD 1IN )0 MO
DTN DY

NN MYPIP DY 12 YNID 1), MMNPN 190010 MNMITND MYPIP DXONP IWN DD DOPNNI
APNNN DN DX VLYY NI DY INY DNINN NPOIN PHNK DY NIYPIP AP N HY NYIVIN

21902 .FPNPY NYIDH N PN NYIDY ,DOUNY ,D7)IAN DMIYI 12N MDIN NMVY MNOWIN NMYPIP
132 NI .OINPT NMINNNND YYN PR DD TWUN DYV DXININ INRD PINND MIVON My On-Site
LDYINNN ISP NIPNNY INSY THINPY NIID)
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TINNA YPIP NOLY NPNNA NVIYPY DIMNN DINNIN OO : 17 NYavL

Soil chemical parameters (in mg per kg dry solid material):

Parameter Value

TPH <C14; 7.500; C14-C27: 3.000:
C27-C40: 1.000

Sum PAH 800

BTEX 1.000

Sum PCBs 8

Other organic parameters

10 to 90 times the maximal Dutch
soil quality ‘Industry’

CN (free) 250
Barium 9.200
| Cadmium | 40
Chromium 5.4U00
Cobalt 1.900
Copper 1,700
Mercury 10
Lead 5.400
Molybdenum 1.000
MNickel 600
Tin 9.000
Zinc 5.900
Asbestos 10.000
Fluoride | Depending on soil end use
Bromide Depending on soil end use
Chloride Depending on soil end use
Sulphate Depending on soil end use

Other inorganic parameters

10 to 90 times the maximal Dutch
| soil quality ‘Industry’

NYVN VY 4.4

NYVY PONN TNND NPV HY DY DYDY DIWITI ,D1NPTN YIND OXNM ,YPIPN MINOM DY ORNNA

: DN DMIPOYN DAY 210N TINN DY OXNNID DOVWIN NINIY 1N 33 PN .YPIPN

DOVUNY ,NNVP DNIAN,(NINPY NIV, P12 NNIDIY) NOI NN DY MINYNI NTION :DTP N9V e
N N/ IN MLV M JPNNRN DY MRNN NN DY NDI NNDN MYNNNI NPWYYI NTIONN ./ T1I)
IN DYOPVN NPV TN Y DTN 0TI DIV DY NP PTY NPD NIy 212IN0N
NOMID YTV N TNSN NN DYIAWH DD NN DY IOV MAYN YPIPn ,NONIA
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0NN NINGD DI PON NIAYND OM1HDYD DXMI0IN POIND N 12D MY 21OV PDDIVIN
DOV YNID M) NN NPDINT NDIDN NNMDYIA YPIPN N DO TSPIST NTPNa
INND PN INND AMX MOYDY NI NPNY ODOMN D11y DY DD NN NIYNNNI
, N0 PN YN NPODINM NVVN D ONPNRN NPIND INRD NPINND N ,INNNTINLY

TI90 TVNRND DININNI) DX9DN)

,TPOIN) YPIPN DY NPTYN TPNPION P NIV NDADI TMINID NTION : NN NIEPI9 NTIaN e
H5Y TN YINYW MYSHNI NTINK TPOINN 7PEPION .T9INN TPEPIN P29 PNNIN 1IN VD
D, 1IN0 NPV MPINI OYTIM DI YN Y DODINNN NIV NADI NTION OYINN

MNPNN N¥PA DAPNNN DINN (counter-current washing) N> NNIT NPNNY ONOPIN-IVTN
(MVVIT NPT HY HYND) DN NP T2 NN NTION

»m oy Slurry 2802 NIRWI THPIOIND PNPIN 0NN NTION INRD NPT NO8PID NTI9N e
DN NVNDY NPN PYNIM NPV NMYSHNA DTIN TONN YOO TITA nHAWY |, TONNN
NTI9N MOLIY NONY .DXVINPIVIL VIDY NUYI NP WD TONN IR RN N Dy .(Dewatering)

,Belt press, Filter Press) mmy mNon movwa mwyy onn nono DAF o moanx
MNY NPNPIAD YPIPN NN TI9ND DONDN PN DXADY 1900 OY NTION NPNN (T MNIVIN
DYIMIN P DY NMHODN NVXPID NYIAP IYIRY 121 ,2)7IX 99N VYO ,NMPDIN — DOPT DY

DMV TUNN DV IN NN WIDIYD TYMY 7PN IR TUN ,1PON> DY)

PYPA - DMNMYN NTIONN IDHNNI DIWNYN DINN ,IDVN TONNL :DIVYNI DN NV e
YONNA OADIN DY NONINIY O1IPIVAN NTIANN NPNNI DPXPON DY NANIN ,DOVIMN
NOOVYN M2 590D TN ¥, TPYAIN NIND NN NINAD DXINTN I2YN HWA .0M»ION NTINN
NPNIND NYRIN 2DV YXINND 51907 .01 1INV ININNY DNIND NAD OMININ PXNIND NN DY
YTI9N MYNNNI ONNINN NTION 19N INKD) , DMV DMDN MYSNNI GNIN SPXPON IDIN
ST DP9 DN DY NNPAD 9392010 21DV 100D NNNN DD NPOKY [, DIPLP dDONN ,DNNY
2190 MOIYNY DN DI DAY MNMTIN MYPIPA IV IN NONX DY DIMNY D2I5WN DXLV
ION
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YPIP NYLVYI VN TONN SV XNNID DOVIN 133 9N

919507 Y1Y92 APNY NPIT NVN PYAN MON 4.5

DXYTN MY VDM MAOW YN ¥ TN 1DV NTNY-IRI DIDVN DY NHYIID N1DPDN NN DNNND MmN DY
PPN DY OXTTI2 DININDP HY NTIVN NPYTA YSINN NYNRIN 2DV 51900 NTYPHIN YPIPN DV IN»N)
18 NY2V PN NPVLYIA X JOP NPVY JPNNA YPIP DY MNV 90N DY VIVMIN 2OV 19N IR
NNY YPIPN DY OMY DMIVNIY PN TN DY YNID ¥ IUNR MINVYN NTAYNN MPITI IR NINNN
MTIYNI NPVLITIVD MLV MYSIANND YPIPN NMOM OPIN DY MOIND DD 51900 NNNRNN
VY991 NPNTIVIN MPO>TAN DY NI0VNN .NPNIIN NITIAY 1IIXD MYPIP DY MOVIN NPINY MONDIN
P2°90N TIMYNYN NN ORM ,7PI PP DV NTION DAPD 1N OXN PITAD NN INY Dy NN Mpa
9355 NN DI1DVN NN PYTNND »TI2
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YPIP NOVYA DIV TONN PIANRD NN DY YN ¥ WX MNVN NTIYNHN MPrT1 118 NYav

Property Laboratory Test

Grain size Wet sieving through a number of screens.

Settling velocity Hydrocycloning or cyclosizing with laboratory units.

Specific gravity Float and sink tests using liquids of different
densities.

Surface chemical properties  |Laboratory froth flotation tests.

Magnetic properties Laboratory magnetic separation at different field
strengths.

: DMVYN DAOVN THIND NTIVH MIPDIN WD 190N ToNNa

DINTN .NA DIDVN DY NNINPNN NN RTND TN DY NN 21DV MY YPIP DY DTN NIV 1 NDND DINT
NYY NYN D) X, DY DININD NIAN) TWUNR IN,DMNY DIMANN NYYA YPIP NYIAPNNY DY Y1 y8and
P2 DN IPAX NI TV NNIND .VIPIN TN NPNIN DX NTND YT NPN INNN YPIP NYIP 1912
9 NN PYTAD W D DWY DAvY ¥ DN DMINTHN dHIY PMOINVLDIN) MNVN YPIPN NPIPIS
952 OMINMIN M NN PITAD N, NVIPIAN DY NTIN YN MDY NHMINN YPIPA DINNIN
0) TOPMYNYN (119) DN ,MAD PPN PWIIN) MINPID 551 DNYIN RN N NIRN .TIN MINPID

NN

NN ONTY ¥ ,Q0N2 5905 NNIN TONNN 12 DN 99 NAY DVN TN XTI DINT YT 1IN DINY

VYW Ny NNa pH Sund ypapn Sy onyavwn NX IN) TONNN DR 10N TWR DXDINN NN
.DNNY 791 NADY IN OTN )2 DI’ ONNN BN NTNAL(DXDX02 IN MNNINA

MYPIP AN NN ,INY TINIVN TPNN YPIPNIY 995 TN NMIAX 7PNN INXINDNIL DTN MPTN
V> 1PDIN DY DM DXVINK DY MYPIP )2 1D /T MDY 0PN ,0MNT0 11D NPNIN NPINMIN
PN NPIPID POV MDD MYPIP NNIYD ,INY NPTN NN ONTD

N2 7NN DTN MPTN (MPHYRT MXIM ,DNWN VIDMAN Y2DY) NH1PVN DY DMNIVYNIN DXAOVWA
21901 TN T35 THIRIMN NN NIV YPIPNY NNINA PNV PININ DIVAND IRNYNA INY

YNIY WY MDLIND 19010 N2V, RFI-N 0010 Tinn nysim mndyT mdTnd XonT NMINID 10 19 nYava
.NADYNN NNNTI IWNRY TWUN MNTH NN 190D ,¥PIP DY DY DXN9) N12Y
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919°0 MNN) MY DY DN NMYPIP DY 251710 DT NYSHIN NIDNT NN MIOIN NN 119 AYav
ARFI-n»non 7ynn ,Ludreco n1an v 00”191 01T NON)

Quantities (Q) Number of sub- Number of
samples analysed samples
0<Q<#60 5 1
60<Q <150 10 1
150 < Q <400 20 1
400<Q < 1.000 25 1
1.000 =Q < 2.000 25 2
2.000 =Q <5.000 25 3
5.000 =Q < 15.000 25 5
15.000 < Q < 30.000 25 10
30.000 < Q < 60.000 25 15

95 NOVYN NDNNY , MYPIPN DY NMIWYN NPXPINT DXDIN DY) DINNI DY NON MITNRND :HDN IRNN
T2 5Y NP2 YNAD YTV NON OMNINND LGONA LPONNN IR MIN DY 2IWN YN DIPADN NV MINN)
MYPIPY NP, NNT OY .MONVN YPIP INSNX PAD MNIITND YPIP DNSN P2 1129y YY) ROV
M1 NPND DN 1D TIXPID D357, DTN 97V NPXPID 19010 MITINND YPIP NHVYI MINVIN
, DT D27 OXIARYND DOUNT DHNMNY DINPNN NDN MNINND VN TPMYNYN NNNL ONY ONIMN

STPONNN TIIND DIPSII NPXADIY DTN NPXAD ND D29 DPWHN DXIVNIH HY 7V MOINI

0PI IND 4.6

DN NPRYN DY JOP 1901 MYNNNI DDNN DITMI-ISNY DX OIPNN :On-Site 07 0NPHN
NP2 IITN YR TN LJPNNN NNPM NPV DY NPMIYHYN NPDY DIV .MIAY YW DN 190N TN
INNRN NINND DX NYNIUN NPND TIVIN TYX NPNDN MNIN NN POPNY N IWN NN YPIP D¥ MINTH
YPIPN NOVLY NPV NOYIIDD NPNTI MY - NPV TYUNND

AN2202 O DINNND IR 1PNND nynvn nnmy ypap Ex-Situ o'ap 019 o%npnn
N2 19 5YY,DXINK IV MINNR IYNRD DNRMIIND DXINND DX INY NITI NP DIRNMDI WX ONPNN
NYNTN YPIPN TN NN DXNXD) YPIPN NVY NPNN DN MDY MY NXPN DIV MDY NMDY PLPIY

STUNN 9190

"oy 4.7
NIDIN IPOYA RVIANND YPIP NLY TPNONIVI YIMY NVIYN DIPPY LVPMIY NIY DI9IN NIDNN
70-80% MINAY D3P TN W 11D .NOOLYN INRD NMPID NYIAPNN IWR YPIPN DV YWD NMDY
O TNDNOVA VIDIWN DX PYTNND 1IN DY NI9NIY NNRMIVIN YPIPN TO TINN NPPI YPIp DV (Opwn)
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2190 INRD PP YPIP DV (OPWN) 50% D) ,0M12) DN DIDOVN NMVY IN VIPYN NMDY DN DMIPN TN
ONN-MDY NPNN ONTI 7O

NN HINK DN DXADN DWW DINVPI .1PDINN HINN XN DIDVN MDY DY 1NN WIWNN NVPN
DM TPONR NNND YPIPN N2 DTN DY DOWIVNN ,YPIPI DPHONN DNPLVPN NNDPI MNNIND
TN DV DNSY DOIND MY DY ,2-4 59 IDVN MDY NXR O THN NOLYN MDY DXAVINT VIDIWN

.D’9DN DYONNA DD HIVY

0N320 PPV 4.8

IN IV OXOIDN NPND DYDIN MNNINNT MYPIPN DY NONKRN YNVWN :MYPIPN PONN e
DYNNT MDPINN NWPIP YPIPY DM DXOLWN DINYN VNN MM DY PVIVIION FNVLYNI
DT YNIDY DIVIN MY XYY YiPIpn YY YONND 117 IOMIVRIYN NN DYDY YN PN TUN
IN,DYD1DN NPNY OIIN,10I92 DINVN MNPV L5555 NPVN NN DIV I INND XTNN
XY Y NONND NV 1NN 1IN WX DOVLYNL DINVY TIVND IN NNPHR AV NNN
MNMTI NIDMY P2 A2IN DINTY 2129V YIINY TN DY NMNWN MNXIYN P2 M NP MTION
2190 MINN) M0 MNMY P2) OMNY DINNINIA

VINY 1IN DY TN JDIND MIAVIN N MDD NPND MDY NMYPIPN $NRD 0NN NVIYY e

21IDVY NNT PN DN TV YW DT DN DY M) MM DY MYPIPI .PIAN YN

DXVUIT) DN YPIP NPLVY SY DIPNNN Y .PONNN DY DY DXIAOWN D) HY MLV

v DT DININ DY DOMYNYN DX DIV DN YNINND ONX TN ,PNND MV M
.DMWYN DIDVN OPHNA PNX NV YNID

NI D952 \pPNNN ,NPVYN TONNA DIN DY M9 NIND YWY MIND : DIDVYUMN D29Y NNIN e
21901 .ND2 IWRND INY D3N MND OHNNX DY DNVNN NN YPIPNY PPN 00 1978
M NI N NOMNN NINRD NIIAVINN OMINTIN TN POV NN DY NIPIYI DOINNDN
21902 .M N NNV NPVY 1D K ,DININN NI NN DIOHTN NIWND DIDINNN NNAN
12 91,0901 DN NIDNY DM DY DPMYNYN DINA H90Y TN YW 133D NN NVY
INND TPYY) DAVIN M) 0N ,DXDVVN ,PONN N DY NNNN .OMYNRYN MIP DI190N0 NMDY
IN 220D NNITN DY DN ORNNAY ,IVARD HID DXADINY DMININA NPV/NAYN/NPNIN
D0INN NODY VY TONINITNN MWD NN IDNPRD 1PNND DY NAIPY ONNNA .W7ond
Y QLY DWANN NIRNIND YPIPN IN D MMDOT NYNIND MDA PINY ¥ WIdY Ny DNa
DY ,NANN NVYN DY JPNNN NNRPN 2D NOD N NION .OIMNIN DY NNIM NIRNIND IN JPNHN
AUTONY IN NADY DNINY M0 21V NIIYNT IN TINNA NINDY NN MDOIT NPOINRD NIIWN
.DY99191 D10 NNPNN MYYD TRNYNA M) 217D 1N DX MWD NPDY

,N2>207 MYPIPN DY NPPIN NPSPION NN PINND TN DY : MNIYN NPKPIAY N8P MNIND e

N MYMNI WY Ny NTN2 pH-N DY 218» y8ad ¥ N2 SPNYN vimdYd OXNND)
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V> MNMITIN NPIPION NN I0WI TUR MYPIPY DVINIV) NIYN NIPYO ¥ qONI .OXDD2
LDMINNN NP MNINY Pavnd

NPNN DY DMV DXPONND NP TIDMOPNN WYIN NI NN MXID 1M 20 1YV Yy e
(RFI-n »non 7nn) ypip no>ov

VIOV : DINAN DDPOY NN PNIAVNL NNPY ¥ DNDN INNI NYMVN YPIPA WINOW DN Nya e
NPV ,INK DYDY YPIP OVIDY ,NDONPN YIDIWD INND DY UTIND NN ,INN NN
.DYPN MIPNRD NN NPIDN NIDM VIV VNN, PIITV PTPHIN YN NDIPN

YPIP NYOY MNIPNN DY DMV DOPONN YPONND NP NIDNOPNN WYIN NN :20 NYAL

Source Sound level (Ly,) in dB(A) (average)
Gravel washer 83.7
Hydro cyclone and current classifier 79.6
Pre-screening , loading 79.7
Wet screen 84.2
Slurry pump 76.1
Filter Chamber Press 76.0
Sludge treatment 83.8

NN NI 4.9
$YPIP NOXOY NNV YNNIV MNIN

LDMNMNNINY OMINNIN DIINNITA DIV NAY NV TPINONOVN @
D) MMLYAY THTHH NNNA NPOIN MYPIP INNNMI NAVD e
ST NPOIN NN DY MYPIPA XMYHYN D355 OON @

SPNND DN MYV VWM - VT PYIN e

tMNoN

VYWY WY AUR DN NN YPIPN DY NNMITHN THITOIND MNP IOV VAT @
OIN 30-50%- DVN MDINN MYPIPI YDVPINND @

DN YY MIANN MWD ,NPMIN MIMN DY D) DN MRINND NYNY NOWN e
LSIN1N 0¥MI12) ODNITD ITIDN
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RFI-1 %9101 79901 ¥999 N9%0Y %PNnY MmNt 4.10

.12°20 MON PNV 17202 WNN WX REI-N »0non 7inn ypap N9V nPIDNOLY MINDIT MINID 11 21 1Yava

2V 1.5 = ypap p7n 197y MMva MPSM Mp1on .md=1€ ,m3.8=$1 0ywn 97y DYPYI NNXIN NMYYN : 1YV DITNNX DXIIY NN TN+

.(Mwa nTay ’° 280,012 NTHAY MYV 10) 2,800 = MWIA NTIAY MYV 'ON

RFI-n 50010 7NN ypap N9O0W NPNZNOLY MINHDNT :21 AYav

Mo T)
239
by | VM | NAAD ;‘g;:‘:; nMnYn ;7,?:;’ 1999 ;39’:"" 79129910 919°0 1Y M) n9an
‘ KT oo 5909
By HPIP PYIN
3 56,000 5PYIV) 2NN NN : VI
IV | NI o ' M
; D090 191 5N
- 38 | VM o WO 7,7 Dekonta
m228 | Tyov 20) Y NI+ YT moon [34 YN
nH 100 ny\))\]“j 24l B
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nLWN
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2-6 A / YOI PHNN
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’FZ‘;:’O‘S DOWVTIN 20 ’_?uj;:' 15%- Ty Ty 140{800 DYPOPYN PIDM : )
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The plant can be mobilized as a load consisting of 7 containers. Main parts of the plant are
shown on the following picture (1 - soil hopper with weigh belt feeder, 2 rotary scrubber
with a trommel screen, 3 - spiral classifier, 4 - containerized filter press).
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Sond woshing unit Extraction of the recoverabie froction

Sol Environment Nn92n S¥ ¥yppn NOLY Jpnn : 35 99N
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Fi

Figure 8 Gravel washer

Figure 7 Filter chamber press
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Superfund Remedy :pm) 2005-2011 DOWN PA 2171INI DHMID DINK DIPY NPNINIL :23 7Y
(Report 14" edition

Percent Source Treatment | Percent Source Treatment
Total Decision Documents Total Decision Documents
Technology (FY 2005-08) (FY 2005-08) | (FY 2009-11) (FY 2009-11)
In Situ Treatment 48% 59 50%
Seil Vaper Exiraction ¥ % 15 1%
Chemical Treatment 11 % 17 14%
Selidification/ Stabilization i % 1 g
Thermal Treatment 14 0% 7 6%
Bioremediation 10 T 4 %
Multi-Phase Extraction 6 e i W
Constructed Treatment Wetland 0 0% ) %
Subaqueocus Reactive Cap ] 0% 1 2%
Fiukhih‘g i 1% i 1%
Fracturing 1 1% 1 1%
Phytoremediation 2 % D 0%

Ex Situ Treatment
Physical Separation i 1% EE| %
Solidification/ Stabilization pi] 19% 15 13%
Pump and Treat 18 1% 13 1%
Unspecified Off-site Treatment 1 % n 9%
Recycling 15 10%; 10 B
Unspecified On-site Treatment 2 1% 6 5%
Pi'ryloru’madiulinn 0 [ 5 4%
Chemical Treatment 5 L 4 3%
Bicremediation 4 EL 3 3%
MNAPL Recovery 1 % | 1%
Thermal Desorption 1 % 1 1%
Unspecified Thermal Treatment 1 1% 1 1%
Other Ex Situ Technologies 1 o4 [} 0%:
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,OPN OO Royal Demolition Explosive (RDX)
1,3,5-trinitro-1,3,5-triazine

Trinitrotoluene cyclotrimethylene-trinitramine

MVPINR High Melting eXplosive (HMX)

cyclotetramethylene-tetranitramine

2,4,6-trinitrotoluene (TNT)

2.4-dinitrotoluene 2,4-DNT (DNT)?

2,6-dinitrotoluene 2,6-DNT (DNT)?
Hexahidro-1-nitroso-3,5-dinitro-1,3,5-triazine MNX*
Hexahidro-1,3-dinitroso-5-nitro-1,3,5-triazine DNX*
Hexahidro-1,3,5-trinitroso-1,3,5-triazine TNX*

- 1,3,5-trinitrobenzene (TNB)’

Guncotton, Cellulose nitrate Nitrocellulose

£»1PN 08N TNT Sw py»a 4sn 3
0»27PN DNN1 RDX Y pryo s 4

DINNN 02 MNP DITPYY N¥NI PVINDIO PYPS 98N 0
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$IDDNN YNIANND NPV OTP DIV NPDY NN

20 e

MNON-NIPN - @

(Chemical Scavenging) 1187 XD N7I¥2 2)N2 DYDY TWNR DININ DV 7D APNIM NIPND @
DV DIMNNTI @

(0 NPNINY NTI9N) W1» @
M1 MPYNNI PIYIN\2IY

IUND TPONY N1 NNVINNVA YSINND DI MYNNNL ONNN DY TPNDIPIN VIPRNVIIPIN NN
DY0)) DMVUYNNIN DYDY DI Ex-Situ W In-Situ y¥annd 1Yo 51 999919 N1203 NDIDN

D197 TN NI DY DXIDN DVNNKI OWNT IWR Thermosetting-1 (N2°20 9NV DWYPNN DN
MIMN JOINA DINND (P7ND 60-D NNNY) DNLP MM DIPIPIN NIY NN PN NN MYPNNN
IUNI (071 60- DY) DDVTY DI OPIPIN NIY .TPIDDIPIN-IIPIA XIPI TONNN , 199190 N¥ILVNI
NN TNDNIVI NIAVN) TDINDIPIN-IIPNRA .TPXNIDIPIN-IIPRND RIPI PONNN ,02>20 DPIN NN

.EPA-n>7y (BDAT — Best Demonstrated available technology) 9nv2 n2yon

222192 PININ\IN NN

NPHNN MDIDIN MY MONN TPV, DN PN DIN VIDOWD OIXNND e

NPSIN MNDAI VIV DOINNND @

D9VN MTNY) DIDVLYN MNIN AXPNT IIIND ¥, VINY DDA PINND\IXNY INNYNI @
(VNN )P MY $3-5 IRNNYNA 1NN OV I7P Ny $1.88) NI MDY @

DIPPY MYOITI NINON NNNA NNMIRNNN ,NMOT MDD 1POY MDD NN D1 VINOWD DOIRND @

1292192 PININ\DIN MNION

NIPII 50 P2 OYTHRY DIPIPON NAY MIMVNN TPXNDIPIN-ITPN PONN .DOPPONN TOIPO M) e
T TNNN MY DTN OOPXPON NIY 970D 60-1D DIDYTY DXPIPIN NAY PXDIDIPIN-IPNND N 3-H
MINN MVY MDINRNN
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AN MNY 2% N2 MDA OTP 9190 Y815 XTI VOCS 1IN ynd mmn sy .1 e

P2 NHRNND NN 28 NPV 27 NPV .PINNIIX NIV NYAPA MIPIYN VNN PN NIV NMINON
2 VINY DY DDIANN TNV D NMINID I .PINN\DIND NMNINIVI DOVNHWYNN DOVNNID NINY MDD
-1972792 VY YY) DN ,D9IN .1MINNDIN D010 VINKN NTID HIXI NPNNIN NPNIIN-IN MDA D19V TIND

2 21901 DIV NJDN 2TV TN Y, THPNMN NPNNNR-IN NIV NHVY NPVOINNIN MXNDIPIN

.DMY DN MDA 519702 PINNIDIND NMNINOV NPDVPIN TN TYNNA 29 NY2V

PIHNE MOLIWYY MNY MO P2 NHNNN 227 NYaV

(e.g., plastics,
resins_tars)

Good-often increases
durability

Good-often increases
durability

Possible use as binding
agent in this system

Waste Treatment Type
Component Thermoplastic Surface
Cement-Based Pozzolan-Based Microencapsulation Encapsulation
ORGANICS
sof\)'tcgnzu:n d May impede setting, may May impede setting, Organics may vaporize | Must first be absorbed
il escape as vapor may escape as vapor on heating on solid matnix
Solid organics Compatible-many

encapsulation materials
are plastic

INORGANICS

Acid wastes

Cement will neutralize

Compatible, will

Can be neutralized

Can be neutralized

acids neutralize acids before incorporation before incorporation
May retard setting and May dehydrate and
Sulfates cause spalling unless Compatible rehydrate causing Compatible
special cement 1s used splitting
Easily leached from N s Y ;
Halides cement, may retard May retard set, most are May dch:\ drate and Compatible
; easily leached rehydrate
setting
Heavy metals Compatible Compatible Compatible Compatible
R::i‘:: z::;;‘;c Compatible Compatible Compatible Compatible

ISS=In Situ ) PIVN\NN» IPNONILI DOYHPYNN DXOVNNMID NMY MNDI PA NNHNRNN 28 NYaL
(Geo-Solutions, N.D. : mpn) (Solidification\Stabilization

Reagents

ISS or IST

Reagent
Portland cement
Blast Furnace Slag
Cement Kiln Dust

Activated Carbon
Bentonite Clay

Organophillic Clay

Attapulaite Clay

COCs Effectively Stabilized or
Treated
Nunierous. MGP waste. gasoline and
diesel range organics, metals
Numerous, MGP waste, gasoline and
diesel range organics

Metals. organics and morganics
Metals
Organics. Phenolic Waste
Organics
Phenolic waste. organics
Acids Waste. Metals
Inorganics. Metals

Underlving Process
Binding

Binding

Binding

Adsorption
Adsorption
Adsorption
Adsorption
Binding
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(USEPA, 2009 : mpn) 0w D030 M0 91902 PINdN\2IN» NPDOUPON 29 AYav

Contaminant Group | Effectiveness

Organic

Halogenated Volatiles A
Non-halogenated Volatiles A
Halogenated Semivolatiles L
Non-halogenated Semivolatiles and Non- u
volatiles

Polychlorinated Biphenyls u
Pesticides [ |
Dioxins/Furans [ ]
Inorganic

Non-volatile Metals [ |
Radioactive Materials [ |

B = Demonstrated Effectiveness

A =No Expected Effectiveness

NIV YPIPY BINAIN DII0ND

® = Potential Effectiveness

5.3

D>1MIND MMANND DN DXIVNINN .PINN\DIN PONN NOND DOXVNYN DNY DNINIVIPI DNNIN ,DXIVNID

0NN .(MPovwn) Leachability XnX)T5) NWATIN ININN MR DX DAPY TONNN NDID IR D3P THIND

7Y DPN OMNIVIPN (NPOINVYN NTTNRD wown [SO-12457/2) ©>1mINN S¥ D»aNNN NITHIND DIVNHYNI

(DPPYY 90 7Y XNINTH) TONN DITYIN NN DRN IRNYND DIWNRWNN DIVNIN

0’99199

:NANPN NIV IIRD DMIVNI

912V X193 VNI DY IN MPY RIY POY HYMNN YD XN TINYD ININT NI AR XD — PN e

.(Unconfined compressive strength ,UCS) \nY nHyan Xin pixm\2x» »8n

YMYNVYNT IVNIAN DAIPI THN TIT DM NYNND ONMNND TVNID — TEIRITN MO e

(Ksoi) NN2202 ¥y P9 (Kgs) DOMINND N0 12 1POMN THPDINITNN MDDIMN XN PIidn\as»a

.0 N 12910 ANON Kioii-? ©N22 1m12) Kgs 7WND

0N INNN NPLYN .NITT INNY DNN IR DINID PPNIND NODIN DY NN — NPPLYN e

SV NYSNN MOVPN NN TONNN JY NXIPOYN INIVN 2D NN PININ\DINM MII5NN NN Py
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(Kogbara, 2013 : 97p) NY722 MONM IPOINITN M0 ,PHIN Yv 90 17y 130 NYav

Performance criteria

Environment Canada WTC: Proposed UCS before immersion for
controlled utilization (kPa)
UK Environment Agency: 28-d UCS limit for disposal of

UK and USEPA hydraulic conductivity limit for inground
Environment Canada WTC: Proposed permeability limit for

Environmental Quality Standard for inland surface waters (mg/l)

Hazardous waste landfill WAC for granular leachability (mg/kg)

Stable nonreactive hazardous waste in nonhazardous landfill
WAC (granular leaching) (mg/kg)

Inert waste landfill WAC for granular leaching (mg/kg)

Hydraulic

S/Sreated wastes in landfills (kPa)

treatment and landfill disposal, respectively (m/s)

landfill disposal scenarios (m/s)

ucs conductivity cd Ni n Cu Pb
440 NA NA NA NA NA NA
1000 NA NA NA NA NA NA
NA <10~ NA NA NA NA NA
NA <10* NA NA NA NA NA
NA NA 0.0045 0.02 NA NA 7.2
NA NA 5 40 200 100 50

NA NA 1 10 50 50 10

NA NA 0.04 04 4 2 0.5

Note: WTC, Wastewater Technology Centre; UCS, unconfined compressive strength: USEPA, United States Environmental Protection Agency; WAC, waste accep

tance criteria. Adapted from Kogtara and AlFTabtxa (2011)

PINN\DIND PHIN MDY HY DMV DMVNID HY DNYIVN NN 31 NYaLVA

(IRTC, 2011 : mpn) PIdn\nN» POIN MY DY DMWY DIVNIY NYIVN ¢ 31 NYAV

R e o o R R ————

Y e = e T e

Factor

Impact on performance

Equilibrinm vs. kinetics Equilibrium-controlled (e g.. steady-state) concentrations are generally higher than kinetic-controlled (2.2,
time-based) concentrations such as some hydration and degradation reactions.
£ |pH Solubility of inorganic species and orgamic carbon can be a strong function of pH.
% |Liqud-to-solid ratio (L'S) At low L/S, 1onic strength increases, which can increase the solubility of some species.
‘_—,] Maxinmm leachability Fraction of total content that is leachable (i.e.. availability) provides driving force for leaching,
E Complexation Some contaminants form soluble complexes (e.g., CdCl,. Pb-acetate, dissclved organic carbon [DOCT-
2 PAHz), which increase aqueous concentrations and leaching rates.
~  |Redox potential 5/S mix designs may result in reducing conditions. Chardation of reduced contanunant speciation. such as
CoIIT}—Cr(IV). can increase concentrations, toxicity, and leaching rates.
Sorption Surface interactions with mineral phases (e.g.. ron, alwminum, and manganese oxides; calcium silicates)
can reduce porewater concentrations of some contaminants.
Biological activity Acids produced by biological activity can alter pore chemistry and locally degrade minerals.
Particle size Unit particle size dictates whether material 1s monolithic or granular. Mean particle size of contanunated
= . muaterial (e.g.. finely grained or gravely) mav influence selection of reagents.
2 5 |Hydranlic conductivity Water contact mode (e.g.. flow through or flow around) is dictated by relative hydraulic condoctivity of 8/5
=2 material and surounding soil.
= 7 [Pore structure Materials with large. connected pores generally have higher hydraulic conductivity, whereas lower
hydranlic conductivity may be seen in materials with smaller or disconnected pores.
. | Groundwater flow rate Fast-moving groundwater Liomts contact fume with the surface of $/S matenals bt may result in sufficient
. E hydraulic head to force groundwater through the material pore structure.
= = |Fill geometry Flux-based release of contanunants 15 propertional to the bulk surface area of the 5/ fIL
£ | Temperatue Higher temperatures increase the rate of chemical reactions (e.g.. mineral dissolation).
“ |Hydrogeological conditions | Determine water confact mode._liquid-to-solid ratios, infiltration rates_active surface area for leaching.
Moistuge transport Leaching from an 5/S material is discontinued dunng drying; gas-phase reactions (e.g.. oxidation.
carbonation) reguire a pore vapor space for transport (Le.. partially dried matenial).
Leachant composition Arids, chelants, and organic carbon may alter solubility of surface’near-surface nunerals and contaminants.
Environmental attack Several species in the surrounding environment mayv accelerate leaching or degradation of the mineral
structure through pH or redox changes and expansive precipitation reactions.
Leaching Release of mineral phases increases pore diameters and connectivity, potentially leading to increase in
hydravlic conductivity and increased release rates.
Craclking All 5/S materials have cracks on the micro and macro scales; formation of larger-aperture through-cracks

may increase hydranlic conductivity but does not equate to catastrophic failure as complete through-cracks
simply result m fwo monoliths of the same performance charactenistics.
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: DINAN DMVNID IPTD NANPH NNV ,DTIP MY DIVNIDY GONI

VPN o 1990 NHoo
NPTIND MTINI/PHIN @ DINN DADIN N VINY AT @
ORI M @ NN YT e
Leachability e MNON DINNRY 1IN MDA e
mmnpy e MTNN @
DNMNN N e

0”nan

DNRNNA OINT YSID XONIM OINX . NOVININ IRA PINHN T DY 1NN NMI0N NOIDAN DY DTN MPTN
s MINAN NPOOD NYPMIND

959910 IN INEN NNY DY DY Y92 (MINWN 9900 DY NIPN2) NINVND NN NTIAY DPY NNN MNYD e

DINT MNKIN ,NNDIN HY NPINION ,DIPPY NN 9TH IY DDIANNY) YN 1IN PR 400-800 95 e
(LPMN9N MNTPNN MTIN APYNRD WHY M YR .MNTP

MY ,NMAY DIPY NNT NI PMIYHYR 1DINI NNNVN IDIND YW NPIPIDN MNOINNIY DY9 Y1 e
IV

NMY MXXIN VAP MOLIVNN NNN D1 TURI NNV NVOY I901D MYNNNI DMIVNINNNI TR I PN 1N
PYIAPTIY MNNINM 70 NANPN NIV THIIINITN MDD PN DY DNININ YNID 1N . TPMYNYN NN
Y VNI NPTV INAN 192 IDIND 1N TNIXRD MNYN NPVLYNN ,NNT NMYY . TIIN AT NNVD D) NN P

LAINN DY HOIND NN TY NI ,NNINIDN MYIITY ORNN N

(Ex-Situ) 9nN5 \nn pison n 9o 5.4
(In-Situ) aMxN TN WX (EX-Situ) 90N NN :NPIPIY MY dNYA YSINND D1 PINN\DIND 5NN

(Ex-Situ) 9nx5 Xinn 519010 NVYY VIV NIXIN N PYDA

POANN HY YL IMON 5.4.1

TNXY NN INNRD NI NOID/YPIPN NN MYNNNA ysann (Ex-Situ) 90XD Ninn pidmias»
DY TONN ONN INNRD NN IR MNPNRN INND NNVLNY NIAXPHN NIV NITNI DI1VN INND NPVN
DN OINND DXXNND MY TONN NN ININN MN) 12N MW ,DO0NNIN DY NIV NIPA NYNINN
Ex-situ m¥m\21¥» Sy D01 oMY 51T TN OPNY MIVAN PR 0N DINN) TITI PRyl 0N
;DY)

95507 N NVIYA INKY INNI OPINNN D0 TIND NN MY MM : (In-drum mixing) H5m21 129y .1
30%-50% SV MM N9 WITI NT NIPNA VLN INKT INDNND 1 NDPYIN NNDN 1AWY N WHYnN
A2IND MY DD DXVNINRIN 9NN
1919 INND NN 'SP 2-24 7)Y NIV NN NLYN 12) DY NNNN NN : (Area mixing) W NLY .2
NONTN PNNI NYIPNND NIWNN OINID ODD MYNNHNI MIAINYN MIAIVN SNV .DOONNM DY NIOVWI
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N 9D MDD NNTNI NDIDN ININRND NAOYN .OOVNNT IN NYIDD DY MDY MADY POIND 1IN
2190 YTV D) OMIN NLY NMYNWYN 1T N2 TN ,INN N TH NOIDN NN MY

DO PAN N YTIVN MNP, TONNN ToNN NOIDIN N NYHON O EX-situ 7190 nN1a oNprvn
: DYDY NYVIVYNI 2570 DNDVN PONN .DMIIN

ONTAVN PN .1
,ND1097 SYW NVDINAPON (1)
DYIRNN DXADVINM DOVNNT NN YN, TONNY NP0 NNDN MM (2)

NNV PN 2
DTPNN DT MPA NVN PONN N1NA (1)
,TPONNN DY INDNVAIN NN MDD Y ONININD 190N VIV (2)

:owan .3
DONION TS OV oM (1)
,(MNLN INN D) NYNVNN NJIDIN PIPOD PTIY NN DIV INX ,MYITI NPAVYN DO1ON DN (2)

2190V OMOYI DT NOON ,NAPY ,0IDVN INRD NNDIN NN NNN 551D ,TONNN NN (3)
,0M2

ANNN YY MON NP (4)

ANNN OV OIND NS 4

Ex-Situ 51950 Y¥ m»90m mnn  5.4.2

Ex-Situ %20 by mnans

MND ,PNIMZIN/MEINN NHIT, 01T NN ,0PIN ,MND NDIDN D ,NDIDN MNON DY 1PN nysann .1
MPIVIPN NMY NDIDIN NINON YN .AP12N ININ NYIAPY DY PONN NN NIVANNT DN M)
LNYN INIVNRY TI IDVN PONN NX DIRNNDY NN 1M )NIONN

MW NN Y TO TIN 5772 ,00P81N2 1) DMITN DOVINIL N WHNYND 1N NN NYID DI900 .2
NN DY M Dy 00N 22TV MNPN DIN DY DM POIND I TNSN NN ,90N2 .1IWND
SPONNN

222PNNN AINNN DY NN NN DAPD NIN DY TONNN TONNI NYNVNN NNDN IR MOP2 ONTY M .3
N N0 MDON J2PY 1NN DY PONND ININND DX PINNY 1N, TNNN NN

.DYINNN M YN DY MNPINNN MTITI MYPIPY OORNN - .4

Ex-Situ %20 Y mnson

(XIN) NYMVNIN NNDIM PININV\DINMT TONN WX (D) IDIN) NN NIIND AN NTH NVY VAT .1
21901 INND NOIDIN NN DIDION DMVDMY DXITON NI TONNA .NMINX NPITA TNXY MY DIV
D910 NP TYWD TWNN

DYPMYD NN .INY M2 PION MWIT PYO (D 4.5-1 21T PIya) Mpimy mMnmin MypIp dv nipna .2
DINRNN NINN WINA NUNT NON

.DINNN M NMD MY NUINT DINNN D OYANY NNNN NPIN .3
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NYNIVN YPIPY BINAIN BIIVND

5.4.3

M DYODY DNIAN NTION IN DWOD) DNAX MIPIN NI AUN TITI PRIV MNDIY DIXRNND DT IV YN

VN2 1N 229902 YNAD OOD0Y DN NJIDIN TINT DIYOD INNDN NN .D2IYND NNDIIN DIV NIV

.129 MDWN N XYNY TOH ORNN ININ DIYIINT YNNM DMWY YDHD)1 1) NOIDAN DY Y YHN XYM

0N2%20 OINPIVY

5.4.9

: EX-situ 9190 n9N2 nya Navna nNpo v D»NDID DPIYW DNXIN NT PYDI

DYNY N9YY ,DPYRI DA N/ DOYNDY DXNLY TIT DYDY ,INNRY IND NYIVON NON
SPRYNND N0 YW NMNON ONDA N NMINT L,PAN ,YyY DYDON D17 DYNDIAD DITIVNY
DN NN NY2 DINND DINIDYN DXODN DYIONONIVID DD DIV ,qONI T NYNN >OMY
. DMON

NYOVWNN NN ,IVAND 995 ,0808 1IN DY DY DINVANIN PMIN DD TIT2 X0 )I90N JPNn
, 0Dy

NP2 N2>202 Y8IANND PYNNN

09010V DINPIY

5.4.5

: DYNAN DONVIVLLD DNPPY NIVYNI NNPY V> EX-situ 9190 nNa nya

,DOVITIN DNYWNY DIMIN 99 NHAP DY YNINN PIIND/OMP PINH/2IN 1PNN NOYaN

MANYN YPIPA DIdVY OVMN NOIND AN YIAT MINN NN DIDOVY NOIDON NPV NDIND
.DIPOVYN INKA NITH/NTIND TNY ¥ (NIDIDN KD YPIPI NIDDN YPIP NNIYN)

99909 09NN DD DINPIY

5.4.6

nYa PavNa NNPY WY 0»Y355 DOPIY DM ONDI INND DXNNA NNNVN PINN\IIND NPDY

: 0999 Ex-situ 9190 ny'na

PRINAY 995 MNPWM N92INN NMOY Sy Wawn PRINN : PINN/2IN 1PNND DIPPWN INNRD PRI
AN MM P> AMYY DRNNA 1) OTX ND,PYT INY WITY ,INY 0T 7

-1 NVOYA TYNY NINNVYNA N1 EX-situ 91909 wnwnn TN 913y NY9ID NN NIYY : TPND MY

Moy .0M$500-5 DOVNN NONNRD 1D ,0\$1000-5 MINPY TPY ,0M\$1000-D S29yNN MY .In-situ
.DY\$2000-5 Dy NTOIY |, TPSN Y2 NPIPY 5910 ,NNN NDIDS NIND 190

NN DTN DXNNI NOI 1D (2) ,TONNN MDY NN NOYN NJIDN TINA DD NN (1) : NOIDIN N
.DYVNNIN DY NYITIN MNON

N I NVY PN AN VIV TONND ,INY DVT) INRAY DI : DMV INN DTN

NONN (GO TPX) H29WNN DWaN ,NOIWNN NN NOOON L EX-situ NOIyN Dwons : 0T MO MMdY
DT 3-4 DYWITI ,ININN M9 DNYIN DOVNNIN

NPIOY MNINAN TUN ,TONNN MDY 1P NYDID IRNYNN .NINY PININ\DIND MOLOY NNNYN NI 32 NIV
AN PONNN MYY ,NYIN ,TRN 01D DTN MO ,DX0INT : NININ NMDY 1PN TIN D900 19N PO
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Plant Mixing
Parametet In Drum In Situ Pumpable Unpumpable Area Mixing
Metering and mixing Good Fair Excellent Excellent Good
efficiency
Processing days )
required 374 4 10 14 10
Cost'ton
Re ) 20.50 20.50 20.50 20.50 20.50
agent (9%) (63%) (53%) (42%) (49%)
Labor and per 51.07 136 383 6.93 635
diem (%) (23%) (4%) (10%) (14%) (15%)
Equipment rental 37.14 1.38 393 7.54 4.07
(%) (17%) (4%) (10%) (16%) (10%)
Used drums 48.18 B
at $11/drum (3) (21%) - -
Mobilization- 15.68 1.58 143 226 1.20
demobilization (7%) (5%) (4%) (5%) (3%)
Cost of treatment - =
Eabos 172.57 24 83 29.69 31.23 3211
Profit and overhead 51.72 745 891 11.17 9.63
(30%) (23%) (23%) (23%) (23%) (23%)
Total cost/ton (3) 224.29 32.28 38.60 48.40 41.75

Reproduced from: USEPA, 1986

DMV DYDTH2 DINNK DY NMPY NI 34 NDIVAY,33 NYIVA

DY DOYTIA DINN YV NMDY :33 nNYav

Small site Large site
Racer parameters
Easy Dafficult Easy Dufficult
Cost per fi 86 87 54 85
Cast per m3 5216 S248 $124 £100
Cost per e 5165 189 94 $144

Reproduced from: www frir gov
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DY ODTIA DINN DY DMLY :34 NHav

SOIL TECHNOLOGY: Solidification/ Stabilization
RACER FPARAMETERS Scenario A | Scenarioc B | | Soemario © | Scenario O

Remadial Action: Eany Dilffcult Easzy ICHTT ot
MedlaiWazte Type Solid Sludge Sold Sludge
Contaminant Miiale Metals & SWVOCE Matals Metals & SWICs
Approach Ex SRu Ex Sy Ex SHu Ex SRu
Zyetem Cefnificn:

| Type of Waste Solid Sludge Sold Eludge
Dienslty of Waste [poh) 100 B0 100 ga
uantity of Waets (CY] 1,000 1,000 50,000 50,000
Process Sysbam (CY) 2 z 1 1a
Zafaly Laval D n] o ]
Addlftves:
initial Maolsture Content (%) 15 &0 15 Ea
Minutas Per Batch (MIN) o 20 2 i1 |
Wasta Dlzpasal Volume [T 1,270 1,337 53 457 55,555
Chemical &dditive Ratloa:

Cemant ;- Waste 0is5:1 0.40:1 0.15:1 0401
water ; Cament 0.40:1 MNIA 0.4 : 1 WA

| Propietary Chemicals : Waste .o 0.01:1 a.o1:1 il I
Fly Agh : Waste 0.0a 0.00 - 1 a.0a ;1 0.0
Cemant Klin Dust - Wasts 0.0a: 1 ougo: 1 0.0d: 1 0.0a: 1
Hydrata Lima : Waste 0.0o:1 0uam: 1 0.00: 1 0.00: 1
Blfumen : Wasta 0.oo: 1 oLa: 1 0.00 : 1 0.0: 1
Actvated Carbon - Waste 0.0a ;1 ouao: 1 a.0a: 1 0.0a: 1
Solidificationd SEabliization Marked-Up Costs | $149,545 5171,663 %4 750,064 5E 5§55 050
Additional Coste:

Remadl|al Deslgn - Datallad On-Site S1E.250 $18,583 5342,405 F458,854
TOTAL MARKED-UP COSTS £165 005 5190,545 %4 622 469 57.013,913
CO&T PER CUBIC FOOT L2 L) 24 £5
CO2T PER CUEBIC METER £ME 2048 5124 150
CO2T PER CUBIC YARD 185 2185 £54 5144
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MY NV [n2aiplak] DMNNY (MONNH
304-m114 - - 3-5 099 YNINN TNND DTN - NN Dekonta
MV 50) DION 7270 YN ,0M)NY)
NOY [ DOVTIN movoenN NIpa
(Nyw> D) DORNN (1w
1712) DD
TPH, PAH,
chlorinated &
: DIV MDY N TN 500- .
D 9T 200,000 Ty brominated
240 - v 20 - 3-6 MV 100 1V 100,000 -
n"oaa WP/ Organics,
NOY [ DVUTIN mvH
Pesticides, POP & HPC
PCDD/F
;D0 MY
500-50,000 50,000 Ty
200- 8 - - DWTIN 2-6 M 50 T MONN -
Yo NO WP/
OO
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56,000-
Yyn oNNY M2 MDY
M 112,000
, DM ,5nvnN .TPH 5% 30,000- M2y
200-) Mmvo .
(DO MY | ,NTIVHD AV | N ONIN PN LYY PN 50,000 Heavy oily
MO 400 Sectar SA
152 - 106 | NONN >NLY MmN 0w O 10-2 " 500-5 Hv NTI9N MV 500 (o 2PN hydrocarbons TN T
oy (42 9PN]
WY m DMMLN VY MDIN DYV DNVYIPN MNAD ' TYIWON
] . A2V N f D3 WO Heavy metals
[mka @1')a] 1990 150,000
560,000 Ty
NPNNP YR
.MYO NO
Oils/fuels,
explosives, heavy
2V 12070 : PIN 168,000 Ty metals, oxidizers,
: DIV NOY NYIND YPIPN MDY . R5ah}a)
onvn ,om 91y 2-3-5 MV 1,500 MY v acids, bases, salts,
228 -1 152 MIYSNNI NI, PAN - -0 CH2M
DYONTN oYPYN myiav (71 1,000) NV 600) volatile and semi-
YOO YT NPT NYIND 98P (1Y PN
oy . .
TNSN NN DODMNMN volatile organics,
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YPIP NN 9515 DYINTHN 2N
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(International Case Studies) o%ya yMa»9pn  5.4.8
O2YNN PINN\DIN DIDVY YN PN 190N NMIRIY 1NN 36 NYIVA
DOWNN PINNAIN NPV 1M MIPN 236 NYAV
Project Name | Location Parties Involved Years Primary Type of | Project Description Performance Treatment
(Contractors, Performed Contaminants | Soil/Waste Standards Costs
Consultants, Regulators
etc...)
Villeparisis France Designer: Hazardous 200,000 tons of hazardous | French Interpretation | N/A
Unit Industrial waste/year of the EU Directive
Operator: France Waste, for Leachate Criteria
Déchets Asbestos, 50,000 tons of contaminated
Sewage soil
Waste,
Polluted Soil
Soil London, | Remediation April 2008 | Arsenic, In total some 30,000 tons All  such QA/QC | £0.4M
Stabilization Encland Contractor: (25 Weeks) Mercury, (500 tons/day) of procedures
: glan HBR Remediation ; material was processed and were monitored b
Olympic Park - Selenium  and : proce : y
Specialists Lead incorporated back into the the single process
Managing Consultant: earthworks design. operator, with treated
CLM materials stockpiled
for independent
validation for

compliance to local
leachate and
geotechnical criteria.
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Project Name | Location Parties Involved Years Primary Type of | Project Description Performance Treatment
(Contractors, Performed Contaminants | Soil/Waste Standards Costs
Consultants, Regulators
etc...)
Schuylkill Plant, Remediation Contractor: 1990-1998 Heavy Metals Ex-Situ Mleng -UCS > 50 pSl
Metals City FL, . _ Proportions Included: - Hydraulic
Superfund Site, | o, | Managing Consulant - Soil 88 % conductivity <
Battery - Cement 10 % 1x10+ cm/s
Recycling Site - Tri-Sodium Phosphate | - Lead in TCLP
(TSP) 2 % leachate < 5
milligrams per
liter (mg/L)
- Lead in SPLP
leachate < 1 mg/L.
Sunflower De Soto | Remediation Contractor: Explosives Contaminated | The contaminated soil -TCLPlead < 5
Army KS. IT Corporation (nitro- Soil (70,000 tons) was mg/L,
Ammunition | g\ Paul Lear glycerine ~ and treated with Portland - No reactivity
Depot SWMU ; . . nitrocellulose), cement, producing a
22 prearenvirocon.com propellants, treated material that did
lead not exhibit a hazardous
characteristic for
leachability (primarily
lead) or ignitability (due
to the presence of
explosives and
propellant).
The treated soil was
transported to a local
landfill or use as a daily
cover.
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Project Name | Location Parties Involved Years Primary Type of | Project Description Performance Treatment
(Contractors, Performed Contaminants | Soil/Waste Standards Costs
Consultants, Regulators
etc...)
Umatilla Umatilla, Heavy  Metals The contaminated soil Leachate Limits
Ammunition OR (anﬁﬂ_ﬂony, ) was removed and treated defined for the
Depot USI’A arsenic, barium, onsite to reduce the project
beryllium, .
cadmium, leachability of metals

chromium, lead,
cobalt, thallium,
copper, nickel,
silver, zinc) and
Explosives
(1,3,5- TNB,
2,4-DNT, RDX,
2,4,6-TNT,
HMX, and
Tetryl.)

and explosives. The
treated soil was placed
back and compacted in
the excavation area and
capped with a low
permeable clay cover.
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In-Situ : 0PN PIVN DNPN NPV 5.5

(In-Situ) 9NNN TN N (Ex-Situ) 9INNXY \IND : NPIPOY MW SNWA Y8INND D91 PN 329NN

(In-Situ) 9NN TIN2 51920N NVIY VI M MY PYD2

199000 HY 00 MNN - 5.5.1

TINDN NN DI NNION XD YPIPN N DXO0IN NPITN MYSNNI y¥ann (In-Situ) INND TIN2 PIIN\IN»
PN L45 TN L,44 TPR) NPNRN IMPNI IRYI DNVNN ININN DIVN PONN DPDA .212WN MWD O»PN
MYITI XD 1N NV, NV VN NTIPIN V1T NN MPA OIPXY OLPNIY OIRNN In-Situ NPVS (46
: DONAN DXADWN 29N NVN TONN .YPIP MTINY

DIPPVYN NN DTN @
TPNNPIIN e
(7NN NN LYMINNINY e

N2PNNY Auger MYNNNI 2PY (2) ,NDIDIN TIND DOVNNM NIV (1) : MDD NN DIPY MY e
TPNPNOIN TONN DXINNN DIDYIN DININ NOX (4)-) MYY 24-48 TwNI MISPN (3) , 180N POIN
.DN2 919V

Contaminants

Sofidified Columns

Source Zone

Groundwater Flow Direction,

Conceptual stabilized monolith’s
Before impact on groundwater flow After

(Geo-Solutions, N.A. : Mpn) In-situ ©IPPW »INNI 795,599 I10NMN MND DY INNID OOWIN 44 9N

(Bates, 2015 : mpn) D>¥9 09X Y255 nnnn In-situ Pixyn\218» O1pIYWa 212990 MW :45 99N
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DOVYRYN DONNIN NI MO HAIYNI NTIY TNEY YINID IN 0?91 DIVINIL YIDY NN MY
21299 D91 NYNN YY DI9PM INTP X910

TONNN DY MIN NIPAY DTN MW NN SY MNP OXNYY ,NYPN HI0VNN IINN MNNY
UTIND MN’aY 1% Ko In-situ NVIVI OPIVY INNX

PITYOIRTN I9IN T NPN TIIN MILY In-situ NVOW MW

8
.9

.10

TONNN DN NIV ,ORNNA .NYNVNN NIIDINN VLIDNY DINDY DINNIND ,DIPPYWN DD INRD D) 1 PIX)
DR DMIVINT MY DIP AN PNIPD NNY KD MVLIINY T, TNY TN NPY NN

NYAVN YPIPY DIIMNIN DIIVNIY  5.5.3

;D PONN MONY DDA DINNNN DXIWN DX MY DIV PINN\IN DN

YPIPN DY TIIRITN MDY INNYNL ,NN0N DY TIOIRITN MM N3 NIPN I0IND VIR @
,NIOVW NMIPINNN NDIDN NIV DINDN NIIDND MMINPITIN INNN ,NNIIA0A

AN NYITIN MONI THIWY (990NDN IDINMY IXIND 23 NTND TYN 21900 PYHAN HY¥ MON NP2 e
N72YNN NN ITNNY 19N

.DNANYNN NOIDN DY WAWND D917 DIININY DYNNY DXONIY DNNIN 47 9PN

Moisture "0

Transport

Leachant

Environmental 3
Attack Chemical Factors Physical Factors Composition
H* ® Equilibrium or kinetics  ® Rate of mass transport Water,
= pH ® Hydraulic conductivity Acids,
CO, ®* Liquid-to-solid ratio ® Particle size Chelants,
0, ® Potential leachability " Porosity DOC
cl ® Complexation " Site conditions
5 ® Redox potential 0 Temperature
S04 ® Sorption o Fill geometry
® Mineralogy a Hydrogeology
L]

Biological activity OH- Leaching
Soluble salts
A Matrix components
Erosion WXl : Trace elements
L0 &\ Cracking plele
R

Figure 3-1. Internal and external stresses influencing the performance of S/S-treated
materials. Source: Modified from Garrabrants and Kosson 2005.

NIANPNN NYIDVOHN DY YAVUNY DD DINNINI DN DIONIY :47 9N
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0N INPIY  5.5.4
: In-situ 5190 NN NY2 PNIVYNI NNPY YWY DPNDIAD DINPIY DNXIN NT PYD2

DYTI0N MINPND DYND DIVY DIDLN PHNN ,DOWYNT DINVIANIT NIIPI DPINN DIPPYN INNI NN °
YNID WY TIIND DTN DRNND NN YVDIPN NV YN WATI LN PNX DIPT WY Y TI0N O
.DOYMNN PAN/DI1)H DIV NODIN IN/) DINRNN PVOIPNX NN

TIAYN MIND NNIANN PUMIYY NYNN MNYI DYDY MND MTayn e
LDMYRI DYIID1 IN/) DOPNDN DXNVLY TITINNN DIPND NIV NODN NYITIND e
JNONNDY DI90N POINY GON NOVY YITIND

TIN ,N0 YNID YIATY .DMNINTN VLIPND DINTY PIT TR PNPNRN INND NINYI NONVNN NN @
.N2>205 52 dXNY2 N0 DINNN DRI G0N 1Y THIWY DI 2D YT

In-situ i\ PHNNI 090N DINPIY DNXIN PNY 37 NY2V2

In-situ PINN\NIN PONIN ©90N DNV 37 NYaV

Significance to S/S technology performance

ordinance/regulations

* Long-term stewardship

+ Conumunity impacts/concerns
(environmental justice, health
risks. economic development)

Consideration Relevance i T
and monitoring

Acute health Implementation Use of certain materials, especially hazardous,

and safety respirable, or toxic matenials, may require special
health and safety monitoring. Therefore, certain
tvpes of operations may be contraindicated due to
health and safety considerations.

Current and » Proposed future land use Performance criteria may differ based on

future land use |« Local zoning/land use proposed future land use, affecting risk-based

permissible leaching levels and remedy
performance standards (e g . compressive strength
requirements should be consistent with future land
use).

+ Site and surrounding land use

+ Institutional controls

+ Ecological status

+ Proximify to sensitive receptors
(sensitive populations, water
bodies. endangered species)

* Local groundwater use

Performance criteria mav differ based on land use
(e.g.. industrial park vs. greenway) and sensitive
receptors, affecting nsk-based permissible
leaching levels and remedy performance
standards.

Potential future mtrusive work
{e.g.. construction, boring, etc.)

May affect design strength critenia of S/S matenal
and supplementary remediation steps (e.g..
thickness of clean soil buffer. placement of
geomembrane or a vapor intrusion barrier).

Institutional controls

May affect access for long-term performance
monitoring.

Groundwater
and surface
water regulation

Regulatory classification of
groundwater and surface waters

Affects remedial goals. cleanup criteria, and
determination of practicability to achieve cleanup
criteria (e.g.. performance criteria could mclude
reduced leachability and hydraulic conductivity to
be protective of ground and surface waters).
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Project Location Parties Years Primary Type of | Reagents Performance Treatment Costs
Name Involved Performed | Contaminants | Soil/Waste | (Formula) Standards
(Contractors,
Consultants,
Regulators
etc...)
In-Situ S/S West USEPA 1998 - | PAHs, PCBs, | Oil Sludge, | - Soil 64.5 % — UCS > 50 psi | ~ 106 $/cu yd (138
Treatment at | Memphis, 2000 BTEX, Acidic - AG limestone 16.1 (0.3 MPa) $/m3)
the South 8" | AR, USA Pesticides, and | Waste % — Hydraulic
Street Metals L orand cement conductivity
Landfill ~Fly ash 6.5 % less '1x10—6
Superfund centimeters
Site per second
(cm/s)
— Leaching of
lead < 15
micrograms
per liter
(ng/L) as
determined
by SPLP
In-Situ S/S Cambridge, | Remediation | 2006 Polycyclic Coal Tar - 7% Cement by - The mixed soil $25,000,000
Remediation | Ma, USA Design: Aromatic Impacted | Weight columns were
of the Former éhe RETC Hydrocarbons 30ﬂtsﬁ Tfoéa ;;% Xater by overlgppet;il 2501/‘1’
roup, epth o ei ensuring that a
Kendall Concrc))rd Ma. (PAH,S)’ m.p - <1%> Bentonite by impactegd soil was
Square Contractor: Volatile Weight treated.
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Project Location Parties Years Primary Type of | Reagents Performance Treatment Costs
Name Involved Performed | Contaminants | Soil/Waste | (Formula) Standards
(Contractors,
Consultants,
Regulators
etc...)
Manufactured Geo-Con Organic - ISS treatment
Gas Plan Incorporated Compounds resulted in the
(MGP) (VOCs) immobilization of

contaminants of
concern within a
20-ft (6 m.) thick
monolithic,
solidified mass
with a volme of
more than 100,000
cubic yards (80,000
m).

- Nuisance gasses
generated during
treatment were
collected and
treated to prevent
atmospheric
release.
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