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10 A 2 H LS EHELT (Capital Region) Eigi & EE L 55
BYE%E (Head of Department, Department for Regional Development, Soil

Contamination )Gitte Larsen &> Hﬁﬁﬁ%iﬁ%’&-iﬁ&%ﬁﬁﬂ*ﬁ ERHE EEIR N
EH285RE AE 3-1 - Gitte Larsen 2 -FR LB ERA0MT8% 1

3-1 BEHHERFIHAZE - B Gitte Larsen 188

FIEERRERTE PR BREERZH( Ministry of Environment and
Food Safety) » "F&% Danish EPA » B FBUR ~ RS ETEIEE - 54,
BN EEAEE (Region » HHERE » HIBEZHEH) DKk 98 {ERT

(Municipality ) - P T {H&3 IR EHE (29 ) - HHE (17 W) ~ Bt
F&(22 ) ~ THEME (19 W) URIEEEME (117F) -



FHESHETE » IR AKE  # TR RHE—ERAACKER » BIEAERE
RBUNTERBREA TREW T/KSRES WS EABERER - T
KOKEEIREE » ARHR/KIERE =R EE -

FHEE5% 1980 ST RS - M R KT EER /KK R RRE H i =
RIS HUEHEEE - BUAEREINEER » F 2001 £S5 8E
(Contaminated Soils Act )2 &5 2R #E 8 2R - BB T /K5 2Bl
AR HIB SRR T SHUBIE ) (Registered sites ) 5 B2 2017 S EFE
FFEHETT -

- 2001 FISHABANERIFTER OSHB BT TRACAE

255G 0 —ffE Ry T EIB4E , (Oldsites) » FIEFBUNEEE - BAHRBEI T2
IR - SRR R 1960 ~ 1970 MR EEERZAT  GERBZ A
B - B EIRECERAE N S R EHEBIRRI I ABREAERE
SRR H L —EHENESIHERROAEERREREERE  RNE
PR XS M ASEE TN B BEr S R s
TR  ERRERERSNAEE - EREES2H/KTHM T KR E
H TSI ©

£ B RifERRH] L — IR E R L R A B BUF( Danish Regions )
BITRIIUEHERE - WEEIETTRERME - EEHAREESERRER
B BEsFhE (Risk sites » BB AL REBEBUEEN 1~4%) & - HEBIFE
FRA—ERR > (RERSRETHHT - EeRaEETRSL 254
BEEIIFRR ZRRERUT (—#k 10°) T ER - T KR -
KBRS (e T AR ) - HoHEsE 10 (Rif) - 11
(FIETISEITH) ~ 12 FIEMMEER 5 » EERERR) - 13 (BEFEER
gk MEEIR) -

EEM T KERARKERE, SEEEN Ry T RERE &%
DSBS KR 2 N KBTS ETR R RS » BBEL Y
FSTIARARREE ) &SHEREREE  AESRMATFESLR 5 »
2001 SE1REIRISHT R NBRRE 2B UL 5 RZ (& 2 JRRI(“Polluters-pay”
rule) » BT B AEEE -



_ 1% Gitte Larsen Z+Fr - EEIREIAHFE - ZBULIREE SRR

REMZZE E > MIFERE - RiTHEHE - RFEFHERTE A ERE
HEH » T THEREER - BRIDERIAZSL » Danish Regions HRHEH#ETEIE
RS IREAEZSRITRA » EMISRERERAEERANEZRES
2T B NEHEER; > (TE{EISRENERA - ERHES -

SRRCRR SREH (FBESTRESE) il 34,000 & - 7
B REAHE P RERE A 45,000 JE ; E P EERE (Capital Region ) g7 6651
BN - ZEBFRERA LK SEMMTECETEN 1 E 7 TEH
FRH (OB 8 R 5 THI)  HPHsm&EL S 10% (1,000 = 1,200
BT - HoP DNAPLERYS S, THERTERTER B » BiTE
HESRE - BESRATEENER  BHATEETRERE - EEA%
£ RIBATEISIMANERAE  $HER5H ~ HESE ) HREFSEI/IESE
BESHNEY -

Gitte Larsen ZL 30K » FIREREHRKEIR (KRZREHE 40%) - RILBUT
HEMHTH > TEAESHNERBRAFEARE  Hb&EEHRA
AUAtZIE Y G - TR EHITRBEAERM - EREXNEH - Bh
TS N ERREFER > TURARSSHEEREIRER - BRET
GEBEREARFNHE L HELETES  FIE Danish Regions & A 1152
RMT KGR - TMEREZER - HZARE - By RS E
EEEP (M T /KT RERRARTRE BHEFERFERAR Danish
Regions Z BiafiE AR EFPZRBRHEEER) - BREERE - J
TERPT T —RITRBIL BRTE -

- EERREENE > BEEAEECGE - BRE UEKBREREEE Bk
BRI ESETE L NE » BFEE THEH Danish Regions » B& BT
( Municipality ) 73 BIEA(T » £ EFBIIAEMERE B KEHFHE Gitte Larsen
LERAERIATBINETTEE) - el T e ESE B THE EWEE
R FIEETBASEAHERERATEREER (fEh) WHEEREE
BEAHFZSEETEE -



(Z)FEEr NIRAS 7586 TREBEMAT

10 A 2 H T4 NIRAS BVEE T ZF9:1E &I ( Projektleder, miljgingenigr )
Maria Heisterberg Hansen 3545 F1F Skuldelev JSEUENRETELS » KB/
H &R EEIE/KHEEE(DNAPL) 5224 ; Maria Heisterberg Hansen 2.+

EERIET A 3-2 -

3-2 Maria Heisterberg Hansen Z--fEERIETE

NIRAS %— IS SR EVBIR TR =] » B T84y 1,400 {i  H Jorgen
Kristian Nielsen FJ Konard Rauschenberger % 1956 SFE 28Rk 1 - KiEZHE
L% 0 NIRAS B RFUISHERRE K TR - fElF - XE - BEREEER - IRE
FRREEE - FRNEMEANIERSE - AEFZMEER 8 T2t
EHETH - -

FE - BREAHE T 7KTTTHE » NIRAS —TH FEEHVEERS R85 Danish Regions 2
Z5t - BENEfTRIE BB AR Y BHE AR - BIG1EE - DRBRENE
E7REBEES  HRCS(TEE L TRITEEIL 2 BIE » NIRAS JNEECH
RSB S EFTEITHVEIG T (F - Maria Heisterberg Hansen 3o » &5
Bk 7 IS5 4EURRIFRE 0T - EFRRETHEE - AIERARIEETEER ) WY
EH RNRBBRERITR ARSI - DR ERRSE AR
ERTES TG -

Skuldelev DNAPL 35HE Ry P A B B EEHY R F EZKAH R AZ (DNAPL)SS
gt — RERSBEREETR  EEMASREE (PCEF) EEI?REEEE
HYIBAE - BT HY BB K ERRD - SRR a 254 -
ERRER KA RAS(ONAPLY SE AR B 5 AR E%ﬂi:@a@%}%ﬂ/m ’
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TEPEBHZAWREREARR 100 Z35/247 » # T /KA 200,000 55T
/7 RREZFERFERERASEM AT BRAr 2 E5IE - fH
EERERBUN (Capital Region) B8 - Capital Region fEILRSRE E/D‘T‘%ﬁﬁ
% > B NIRAS ERZAtEHE  FERCRECREEEERETES
TR RIEE ARKIL A E]&1E - $HEHIEDE - Efﬁﬁﬁzm%/éﬁmﬁ;tﬁ”/ S
H R - FHMESEEARINZ FEFRER ¢ I8 NIRAS ZFF(E4ESE - Danish
Regions th & REHEHEAIEEER B —E LLB Z ¥ afiin IR @R A -

T IR H A& 3-3 -

3-3  Skuldelev Bl REIELE K J5 4L iB 0]

ERE AT R F AU T 7K 2 387K » 7E Capital Region ##&1% » B
Sz ig il T 2 38 > ST IE/KIETR - SR /KR - EIEE KR A
HESESR  MEMAELEIR T/KAIFESM - BRENEHEREA
ZBBEAERZER AR (Vapor intrusion ) » Hi#EWE 7 RS 72 50,000
i ARV SN NI %IEI:J‘J‘AE/:[E’J[‘JET » Capital Region {1 EEMENE/ZE
KRB EEFINEEERGSE  PNEEEAERET > 48R FEEEEE

9



ASEERN EJ7 - BIEARARERE - AFLEISHEZAFRSRA
% HEEZSEM TR AT/ KEERER Rttt BFE—SEE T
KBEHSREE -

REFIEE NIRAS HICEHBFTREZIAMIRE  EIREBNRES R
e - BEIS AR - IRETGIRERE (IRENRILER) - Maria
Heisterberg Hansen 204148 B A E SR DL R RINEZIG(PCE)FEE B IE
JKAERRE(DNAPLRVEE 0% » BFE © BMRKTE - & LA - Eibsd
YigaiEl% (EK-Bio) % :

® ZfRHT%E (Thermal Desorption) R EIIRAEECENE @ EREY 2-3
REBHEWAEIZR » B vapor cap Hif (SHAFEHEER
Teratherm ~ 8E] Krueger &) » (EEP(E3 AT ETEAL - RO REHE—
FHEEGFETC jet injection e

® & L% (Insitu chemical oxidation) » R FIZEBEBIEECHL

£y (KB1) » 5 YE(E (NELMF> =8 LEH> 8> L

¥ > SBAMEE] pH BB S, LAY LS LR IEEIR SRV ERE
(A FEFE Sivern 55 ) - |

® EK-Bio RIIZ G EG4ES Bentonite » {RIEMRIE /K ZEEMBAVIETRE - 538
{C4NER L 18 F508  DAALEEEE (Lactate) fEREEEE » 8{LET
B DRI SR -
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(S)FEE COWI +558A TAZRERI /A H]

10 B 3 H B4 » B COWI By Troels Wenzel ( Market Director, Project
Development and Environment ) B Torben Hgjbjerg J@rgensen ( Chief Specialist,
Waste and Contaminated Sites) BRI RIS ECE » Y 45T
2 COWI Fr2— RSN B RIS IRBRVIE B 188 » EHFY
COW! B& 7 4N1[E] 3-4 - Troels Wenzel 5542 FrfR LG Ek0f 8% 2 -

3-4 FFE COWI AEJHEH

COWI BRILFY 1930 £ » B2 IRE AT REBEMAEZ— 2SR AN
TIERERIAT] - S8507E Kongens Lyngby (FESFARSHR T H0MNE] ) - 1974 £
FIREMRIEREAZER » COWI FiFARMERIEIRFEZART - RiEs
T /K75 AR COWI IRIE 1980 SERBIBRMAIRILIRTS - IRis SR s
2~ R - T > HPER - FREXDAR FEE - BRIL/KEFIgEHAERR 150
fUEE » BREEEHREEFREUTEN - EBEUN - TEBFEATFHR
LRI SR « SBULAE ~ TR - RS ERE R - B2 T AOKE -
WY N2 S B R TRCASIRTS » SH T R IR RI ST
FHEALSHMAEREE - BIA{EZE - DAREIEFI SR EE ; cowl F£ESM
INVE ST AR THIEIETE -COWI £2 NIRAS — i RN BEHCHERE
AR DIERH—oz TERBERY iR RERES
RECER TR s - A0 - HIEEE 3 - MES R 2. & -

FHEZ W TTBT (Municipélitv,) AT SR LI IRG - D4k
BrgfiymEeRE - EENETHTHERER (—RABTE)
BREEERENTIRTY (ZRESEEZETRTESE SRS B
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HrEIE R TEBERE AN - SEERERE - (REREFEEEARA
SRR (BB AURH N BOERFRIEAIA 1 ARG EEE R
VIR NPARE ~ B OEERE (FEELER) - IR RE —ELL Bl
HWAFEE -

DEFARERAES NEAAIEIREEFRIEE  SEEYES 5
RAREZ UL EREDLH - RREELEREYIABRBERIFRE » S
MAZ T AERAR > 1 AR G R ERERFIERE - FRI#
B EHBERATREL Z i (CERFAGIRER) - RfriEKEEH
7 EE > MELTHRIFERRA R TRAMERS R Hh—Eni5%k
TRANEANERFE | ERRHES T @S ) AT REIREFE
R ZER AR EIERS - e th B SE T - e RIEOUL R ERR S
Z B HESRAIEDH 10 RAEETT -

CowI EEEM AT ATR REREFEEEETE BETRFEATFTES -
W B E £ 3 (Off-Market sites » BISSRUBMETNEE » 1@HIE R—TEHERE) -
T AR - BREIREHEEY (Cash flow models) YGHESIEITT1& ~ 78D
EVRERMR « BSE. S H  REIAREUTEHIEHE (identification of
easement) % —FIE/FE (BREERTER) EEFESFH 6 F > &
S ERE o ERHSEEARIETE 10 4 - COWIAE BAIES ABIRE
WPV (WML 10 AN - TEERIES 15,000 (EIEEZEM - 45I8TE
BEE 10 EEUT - B0 REASIRE AT Koge » #T BT E#ET
10 £ BHINEERE e et AEHEER » aEEM TREE
ERTEE  HSFEIRAM OTRECRITEH) ENMRESENERFEA
i - FEEARISIRABE ST M FFANES » —RFREE 2-5 4> &
EMERKMITBIF SRS - Bt TIRE- RS- RS-HE Bl
#IFE 10-15 4F -

HRE 55 B REAEER IR RTAS SIS 250 (RRERT
BN S E R E RSt risk site) INEE i RAEFHREIBREE
RIS EILR ARG (EILEER T AR E ) - RIS R
PESH T - T EEFEREFEERMMASER » RIEEARREE
A T HR R I Z R FIRVRZRSEREE « KZ » HRISHITRAR
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HiZ 254k (Orphansite) SUREAR R RETTEER LM EUBEER -
EEH BN R ER s TSR - TS | SRS - e+
- HGINBAREERR - IMTHEE  FHRELEFEYHIUERNH - #

REAT R BB T BT RREA REEH 257/ - IMEREH
B - BRI BUN Z RS AT ES & - PR AT 25581
BTHIGE R - R ERR TS RIRE

F LIS R - BRSHE A M i#tsS 2 278 T » Troels Wenzel 4o4E3%
RAHREHRIESENSRT RS EAEEE  ZE TS

® (INSREEEEM BRI (EHEREARIK) -

® ZEHBIREEIUCELN (BB RIS » D%
BRI F S EBHE -

* AERGHETFRIERE  BRETREAREAHFHE B8
W EEY LSRRI R A BT RE T — BRI -

1t Troels Wenzel 554 %0 » REMIEX R I HYEE—/ NETREIGHE - A L
RSN  ERBIRABFIFTER 5 - AR GWEENEREE
BUG LS » ERERBRNBANFIHEER -

RRVHLRE » BREDFH S a8 L IR A A R RS A T T 4G 2 SRR
#l > ARG TBUFRIE RS AR i AR & (SUEF GRS E AR AR
HBCRISHRAH) - BRRE 2 AEER

° FERHBETNELIERSSHE
o [FREATHZOEN  #FHT
o EEMGBREETENRSIER

o BEBKLRIFEY RIGIE

PR SR RER 2 B HIRGURRERER  RELETEH
R PR ER R - COWl ERA TS AREREE » S
REETK  IKERERRF TR (BoRfIglEMESER) Sk
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GERE HEBRREMETERG  BBRATREERERE - HPEEH
HZasE  WREESRZERREE  BEARARIEZEZEANEIIE
fenB ~ WATEIWASN O KERE - # T /KEFKIEZRES  REE
HRARET R - —AR T BN R BUF L REIST » RATRE R It
(registered) » FREFRELVEIKET T E MRS » AR EAIT > H|EG
SRR T KFFERGT - RILERISFHSET IR - eI E
HEORMAE - BB LT ERE » M KB ERE -

Troels Wenzel Jo2E ST EREFERNT R T HEFI AR - FEEEZHRE
DT BBl fELRREA

o S —RIBHBERE > —NEFRLEE R (start meeting) » BEEIH
FBURZFTREN - EEEGEE - T EEF - EEEREE
H o —FRHEERE BT BREMSEAREMBEY BUAEAIS
EACEIZ AL - |

o ERSENSTISHEER  BEEHEEEMEERY - WRiEH
BEE Y SERER - WEIEE  EEEE -

® FERHEE RN R AT B AR R RN (L - AT (40
BeFES ) » (EAARATALFTZE LGB PR - IRERENE EAGH
BERESET > A 2R

o EBERIMFEERTINCENTIRER  BRNRATAENHER
B R EZPEERELEMZERR I 2EERE - BEE
% RH R RIRBESE - WA Ty BIE GRS - BB LR
SRERTRAEE - ISR MEIRERRAVSA(LMRE - #1 TDERR
SHEHE ) R EEERESCREE (AR ME - gt
[EIRRRE - 1 COWI BB — R ABR AT BB AR
FHER - At cowl RiBhRTEIRENS - thgFEEC EFIE
REZ A FIREEN BB xR LEEEREESIES
RALT 5RACRIRE ¢ T cow FEFREHA - SRERREER A
SEIEEEN R AT DBIRAR A BB ETE) -
BRE TR N BEER LR - |
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sTEmTeBERIRIF 28 cowl ABRASIRIE Y = BRI AL - 43 BlINL
AEFARSHR#EZ JEI&( Nordhavnen > JHEEEE PAHs 7524 )~ B5&( South harbor »
KI5EL) > AR Aalborg University Jif3T (JHFEER PAHs J532 ) - DULIESB U &
Bl » ZBRETELY 32,000 FHAR » ISHERE  SRFEES AR A
AURAEET LY 1 BEBUT - B EmfE - T 10 AR Z 8ilikiE » BhE 25
gu 7 T KIERY  BRIBINR A T AR B3 - JEE B RRNER » #e
HSTAEE LIES WSS R TIREREEG % » DUSBE 8
&~ IR ZEETFIFI A (bricks ~ dikes) - IRBIEH 40E 3-5 -

ZREGEIGHEBE RSN - BRIEETP  BET4ES £
2HATEHASE 15 & o EREY  ERZYEEfEERoHE » B
B - W ETES G - -
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(FU)2:011 ICCL Meeting

10 A 4 H 240 ICCL Meeting ° ICCL Meeting B1S53t T ISR EE
(Inte~rnational Committee on Contaminated Land) 5% 1993 &E2&#E » B354+
iit)‘;"l%% EEREREZ TR SRR 2 SR e o 2405

Fe L HIEUSR ~ BISE ~ BTSSR E ARSI B R R AIHSTR
e TEREREERR -

AXERESE 13 BE:#% - BESEERRE - MIFISRRE TR
RABRFESIOFEEER - LRI &3 3 HEEREE - DRIR1)TES
HAEAR/ VAR ~ BT ~ I B RIA L & FRE ~ QKRS AEE - GBS »

RSB T KERLEM © BIEIR A 40E 3-6 -

[E3-6 201 ICCL Meeting B A

BEAEERN  BUNES KBRS AKESERE T K  TEE B
&M T 2 N KR R RIR ARSI EERE - R TEHEABIBINE (R
fe B R ER < B /Y - A E 7 BREE £ B (4035 ~ 12 ~ AR ) ~ B
FEEE - EfRtLEREUERERS G EERTEER > mIFER TR
A7 %45 B AZE (Beneficial use ) JARE T FoaaR T (REEE MR M T BUY »
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BB EEY BB | ASEARERRE Y EE - TR
BB AR T KBRS ES RE » BiRRA -

F BRI ESESE  FrE 2 B 5AIRE A1) 28 - FEeg
B JAES - RIESHE - ERIFKIEREE(DNAPYE S EBR 2 /54 &
REE  MHAERRERIRKERES  HERRE  BREARREAS
FRAZEEENBEERE RERSE - RENS  EERES—AH
B Ma Rt ERRERERSE - WEESE - ft? - *E5% - +
TTESR -

% ARGIRE RIS AT EISSt B T KRR ER TR

1.

EZRFTH R ES R - B TS AMER  BREELEINS
FEARZ =% (beneficial use) ? SNEREFRA (FE#LD K
) ? AP T AOKEEEE FEFSRARER S FZE - MER
B ERAREEDERG/ARS - EERARET » FrEES
BRI ERGS R R - SH T 2R R AR - T
B - : |

EBEARGESHE - 8% 20 F2 A& > ZAERERR
FHEETLE » DU L - BIAHRATAE £F » HELEY
IS BB S TIRR TSR » ILERTAE 24t ( precautionary
policy) HR R E R - AHFIEMEF VR EISRAB BHREZMIE > £
TRAKR » WEREESHBESE -

Danish Regions HY Christian Andersen 44385 [FFERI » SXEEH
HRARBUT LSRRG URERREE - EstiSRERE Bk
e TR REE T K BE s N ZE R EERE
fEERK  BIEHREREHMBIL - SEiTETNS @ B934
51E © (TR EVERERI R EE Ryt » Wik ALK HEE
T80 - BIF RS - MIERKESARERIEE (BEREERVE
R ~ EXAAEHE ~ TTABIRE) » [BRIT4vER il -

4. BEMLELFTEEIREER Anne Northway LRI BN &S /A LR
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BN AKGRAEZERER  BOREERRRT RS RREZE » 84/

ELEBFRYE (Act) 2T » FEEEFTEM (Environmental
orders) ~ BSEHE] (planning system) » DR EFE Y IR
(auditors ) »

AZREEBE KECO (RREIERIRANH]) - KEI (RRESRIR(REEA T ) IR
RS FEE KE (VEM—8L  sREFRREN T KRERE R
BCE THU T /KRS TEIRE - ARG REEEREIEZSE > M
FEME—Z MITERRAERG] ; HRLFOR - HEEAEERME (lability
problem) ZiB%% - WEEEEBNITIHE - B KB L AEE -

TEBERI AL Joerg Frauenstein Sk » SREAEHINERERRR - I
FSHIRSN - BESIIRIETEIEEERE - B » BIFSERAYEEE
iR » REIZHIREMRRE ( “Future use” orientation ) »
WFEERAERS » FFEEPERNRETERANEE - #EDARE
FEESHRIGTTEA - MBERBINFTEAZH FKE R - BRE
WEAIRE ? MEIARFER ? AR A EER RN E BT
sfEm T Z RRE o

EFALLEE B EEHT Ana-Maria Ocampo Gomez 20 - 1% Bl/VE 1
GBS M > BN EEAEFTEY Y A BRREIEL - S
BT R 7K S5 B -

SHGELS BRSO - BTMEH 8BS KN T ZARR AR K
E o HTKRBRE  HR5E  RIRGIEAEENE - 28Oy
TKERTSE - fIFIBESREER (ZENRRRBARARKNE R
g ) -

ICCL AR TR S 4EmIT - KBRS - HEH T/KHE+3E
SN > FERZTOBHEE  EMKEEE  WHREEREEZ
SETTES  SltE ERIEZ SR ~ BREFTERG T A5 B
TSR RAENRIERTE Uk e2f &SR AES
AR
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 (H)Z0 ccLNICOLE AT g

10 A 5 H# 6 H2:82 ICCLNICOLE B SIS G SREH (BT & &k
#1KT5% 3) - ZBFETELE ICCL Meeting % 28T » B NICOLE B ICCL T ALE&
W RIEZFEEIEEEEE 200 A - AEEEEWSR > FRAET
A ICCL Meeting Z BUSRMEET 5w - BEELATHE  SRGIHF 4008 3-7 -

3-7 ICCLNICOLE BfEtHeTgERA

A G RRABIEE TAKSRES B EE i HE A
SSEE  BOMETER (UMRES) HEMIEERAARESEA
BORE S T R i 2 B BURS |8 E BUFTRE T E R SIR SR
FELUBRERA X BB 2 TR -

FERAMGE_E - ARH T iR B U OEECF SR T B et
[T - BIERALTEERAE (FSAV) ~ TR TR RE (IFLUX) ~ 8505

- JREE - BRI (NanoREM) 2§ ERIATUN £ - EEIRKHERAS

(DNAPL)Z ZARG B AR BB A TGN BIR TR o T DURSEERT L - I0XEE
REFBOR
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ARGHERIREGHAT

1.

Danish Regions #Y Jens Mandrup 554 » S EREHEIHER T K
BAEOR - R BUTEFATE 6 TEEUTERIAR IS4
(Orphansite) » A GHEZTHE  HATEERR » REiteE
BRI (risk site) » CHBEEM T K%2% - RBETEEH
BEEENE BRRL T LABITEEEEE ARG AR
Danish Regions &F EHIGEAERITAE R W HEA 7 EHuERES
1535 (testsites) » BueB iy » MRRBAR  MESFBUFRESR
REHTEN -

FFZE7K 4 E] DANVA B Carl-Emil Larsen $o435 4 S B R A E L
BIZ N ZACTRR B IR B T R FTE R IERRI S » 40 BFREs
B deasAl o BORAISIERCAEE ~ IHE - TR - RS SRE
M EFRRE R T /KA FINVIESE B #T DANVA AR TIE 44t -
i B BEHEE BS54 -

ICCL HY Dominique Z+-#5H - St BRHITE - BEEPZBILE
H-FHAA ST FES ) BEENRIBEN S OB -
BEEEEEH - EEDUERZRIERET - FABUNIREEAX - i
oKl DLE SRR R site level )~ 3R T ARAE( community level )
HEGEUBFE (catchment/river level ) » AI{Elf#EE » WA EE—
HHEH 2 P —WEMER - Dominique itiﬁ?atﬁ¥ﬁ!x5ﬂ<%$—i -
EETESEY)  EAUSHAYEHRAR BKRE > FHMEE  §
WA HASE IR RAE TS BB T K2 /554 » 545 [FEiK Ay RE
¥ o

ADVISEN - ARCADIS/NICOLE ~ BQGM ZERE/A\EN A ariskd » 15
TR RERSRIREL » FEEH T /K2 5k 2 BA R AL > DIR4n
EFEERETE (HEATESR)  UKESLEE  2ERT
HFEEF (40 Water Framework Directive/WFD Z fHREFE) ~ EHih
TKZERES ~ FHREEA/N - #TBIF (RAAEPY) AR
W UERBEELTENS AT (MREE58) % BBt
i ﬁimﬁﬁﬁ’ﬁ‘?ﬁ” (conceptual model ) » FEDIRFBIEEITERE R
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R BRERIE HIE - FESTER BRI (BAT) & -

5. EE/E] Ramboll (South Africa) ARKERETEEFIM FKIRBIEAL »
RN R IS RE IR ARG AT » EE
EBRLUR R B G 2 S AT hlE] - |

6. Veolia £ EDM FRRRH A T ARE & AR ELRE 2 SR IAREE
BEIE/KIRAZ(DNAPL) » BEREEIR FESI IR R R < 4 - DAREAS
) (W70H) FIRFEER - WRENRITE  EeERE - M
10 A 2 H NIRAS 2838 MR BEMATHEHARNEAERARER
FEZK AR AS(DNAPL) Z S Be4E T = ERHE -

7. BERS/AT] TAUW B TR SIS (elemement He) » E5RA550
SRS BRI » BB He RS TR T(5,)
SRR > WTAEERRR -

8. FHBEMEE  RPHEREGREEREREFEREE (national pilot
projects ) » BEIBREBESIUSHL - BHPRIEH T EFEEE - Bl
IR HRAERG R - B —E M PUETT R - SRR ¢ ot
BBt RSN S EE L E -

. [FIREBEIIAIERE  RHZBIRA R BEE S (orphan site )
ERGETZ HRE - B RIRRESR A R RS - B ERHE—TE
HREY: - RIS AES BN ETRERE » YT EREE
AR SR IBTEIEIS R 4TS - DIRERTIRER 2 Ba A -

10. FENEELEYEHETRYNH T /AOS3EINEE » NS
PR BRI B ZI e — et & BRHIBSR(B2 M E 2 188 AR
THEARHEEE ~ BRI HR &R EE -

AR GRS R EREAGENEREGETERRE The
Application of Pollution Transfer Model and Health Risk Map on the Brownfield
Revitalization in Taiwan | (B30 F 408 3-8) » ASEEEH T /KBS -
EheEG: - BRERE  MAKTEEEHEERE (JHi%4)-
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P55 B RIRY R EREREE AL - BRATAL 10 A 2 H235h.Z Skuldelev 4 » A%
£ ICCLNICOLE Bf&SHsT&FTEEiiIE%2sh 0 10 B 6 H M F2EE—E
TEEHE Stengaarden Landfill - BRI (Zealand Region) 7 EEHIE » &
£E Danish Soil Partnership £&82 ([§ 3-9) -

Danish Regions IR{REFIFE R BN EIBRS S HE 2 BUR - ZHFIEIRE
BATAETEES] » BESEATTTUNENIESE R - BRI - BERE
TRRYERIEAE » FHEH Danish Soil Partnership E¢ NIRAS 2 FRELEA GBI
R R T AR EEA -

Stengaarden Landfill &R EL T BiEE » H—REENE > IVERKE
Bspemy (EIERBEIS) REEA - B TKRESE - SIS
23 BRI T OKEE R &S SR E s B A PRI S ETT
PRt RABTIRIARRIGEITRRE -

ENEIEE ] ﬁﬁfﬁﬁfﬁf%)\%ﬁ%&‘é@{éﬁﬁéﬂﬁ‘ﬁkz:ﬁ{ B 55—1F
Fot#fER YL (Biobassin) FDAREfERE T BRI AFEMER  hHRE
- BHAE FTE R R - IRBHE = GEES - FEEVE -

E-EASECEHE 2B B KEE  EAEHEE  5ilRS

WIBRESEILE(H0,) - BEXFEELRG - & OREReaRE  sbmdalk
R - R RI RS -
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RATGBEEREREET  CEEEHE L DERERER T
g BA HHE (ARESRAHERE)  BHREETESES  BikE
e A I S S SRS G A RIERE - TR R R R T K

EERIE LY S% -

SERETHA B ER A A2 &8 - SR RS T o
FERATRAARHBHL - BoREEE T - SAERNEE S - SR
BUFEEEE  SEHESE  TETRARSE  FLUERRRERRRTH
THEFIAEHE  2IRERIUSETRARH IS - FISRIFE R
SSHREMLNGER - RHEEHE - FREIGHEMSEHHT - AR EER
BEEL - BRBETASEE 5 WEESHRTERERERSEEEFE
- RETRECE -

REH IS A E BB B I8 Bt T /KRR B RS S TR
BRECHZE T ERAERERERRL - MBS RTRANHEE
ZEOEEGREE - stHERBCTRERREE HEEsR 258t - 15
R EEETHE - DHEZBUREREERNT » REDHEZSIYS
bE > MRS IIEDERNTRE & 55 - GRS MAERRE RS T AR R
S I SEAR R TR ZBRAE - DIRZ RIS HYEIE R EARBES R -
WS ERRE RS - BB - DUEHER - (EME T ESDURER
AT -
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The Capital Region of Denmark

Soil Contamination in the
Capital Region of Denmark

Gitte Larsen
Head of Department

Soil Contamination —
GREATER

CoPENHAGEN

The Capital Region of Denmark

Ground water is the only source of
drinking water in Denmark

APART OF
GREATER

COPENHAGEN

e - Seil contamination in the Capital Regicn




The Capital Region of Denmark

What is protected?

According fo the Contaminated soil act the regions
shall protect :

* Human health:

- Air in (and around) homes
- Sensitive land use (soll in residential areas, kindergardens,
playgrounds)

» Groundwater (primarily in “drinking water areas”)

« Surface water

Soil conlamination in the Capilal Region

The Capital Region of Denmark

Authorities on soil contamination

* Legislation
$ Minlstry of Environment . : :
@ and Food of Denmark Gu1dellnes
» National quality criteria

» Responsible for “old sites”
* § Regions + Registration
» Investigation and risk assessment
» Prioritization
* Remediation

« Permits for changing land-use on
contaminated sites

» Enforce “poliuter pays principle”
* Inspection and control of industries etc.

» Permits for changing land-use on coniaminated sites
« Sail logistics

» Ground water protection action plans

» 98 municipalities

APART OF
GREATER

CoPENHAGEN

i
__4 Soit contamination in the Capital Region




The Capital Region of Denmark

The public soil and groundwater effort in
Denmark:

* The Danish system for contaminated site management
has been developed over the past 35 years

* Focus on the protection of human health, groundwater'
and surface waters

« All contaminated sites are registered, but only risk sites
are remediated

* The goal of remediation is to reduce the risks to
acceptabie levels

APART OF
GREATER

CoPENHAGEN

Soeil conlamination in the Capital Region

i Soil contamination in the Capitat Region

The Capital Region of Denmark

The public soil and groundwater effort in
Denmark:

- Government (regions) fund investigation and
remediation of "old sites” where the "polluter pays
principle” does not apply

« Important players: Regions, municipalities, private
developers, specialized consultants and contractors,
laboratories, universities and research institutions

APARTOF
GREATER

COPENHAGEN




The Capital Region of Denmark

Registered sites in the Capital Region

Sites mapped as
potentially con-
taminated in the
Capital Region

6.651 sites mapped as
contaminated or potentially
contaminated

Denmark
34.000 sites mapped as

contaminated or potentially
contaminated

ﬂ_;f Seil cenfamination in the Capital Region HeaRTor
GREATER

CoPENHAGEN

The Capital Region of Denmark

THE PROCES OF PRIORITIZATION:

APART OF
GREATER

COPENHAGEN

o Soil contamination in the Capital Region




The Capital Region of Denmark

The public spending on mapping and
remediation of soil contamination 2015

The Capital Region:

e «137,7 mio. CNY in operating funds

+ 78 full-time employees, equivalent of a total cost of 48,4
mio CNY

In total: 186,1 mio CNY

A PART OF
GREATER

CoPENHAGEN

Soil contaminaticn in the Capiial Region

The Capital Region of Denmark

Typical types of soil contamination in
Denmark

*Chlorinated solvents
+Oil and gasoline
*Heavy metals
*Pesticides

*Coal tar and phenols

-
4 APART GF

GREATER

CoPENHAGEN

bl Soil contamination in the Capital Region




Permission

+,

' Municipaliies

© Region of T Constructor |




Pre-
investigation

Full
overview

Risk _
assessment g

i
4 Tielibeskivelse (Sidehovedffody

A permission with terms

\ ‘:741

» Futher investigations

+« Remediation

* Ensure climate in-door
and outdoor

* Monitoring

* Documentation

__.J Titelbeskrivelse (Sidehovedifod) Navn (Sidehovegfod;



Examples of terms in a permission

"Establish ventifation below
the floor to remove toxic
vapour from the
contaminated soil”

£

"Supply with 0,5 meters
uncontaminated soil or
establish tiles upon the soil”




Urban development on a contaminated site

Titelbeskrivelse {Sidehovedfod}

i5iy skaeporten.di

Titelbeskrivelsa {Sidehoved/fod}




When it is not possible to clean up

B -Further investigations

. *Risk assesment

- Sketch of ventilation
' under the floor

- *Monitoring

*Change ventilation type

4

» Site remains registrated

Challenges
Limitation of the
legislation

«Lack of time

*The municipality is
also sometimes the
constructor

Titelbeskrivelse {Sidehovedifod)




Public internet based inventory of contaminated sites

e \Webbased GIS database
e Oltes are registred

el | e Hasm * Wells and chemical analysis

5 E3 Fereslicdewebsteder v database

D k M'IB‘ rtal status [ ot q ot H
Doartm ot D e S o wieente Praraquisite for leaving

5 [kl senorte  fobtwonmy o vmnin contaminated soil in the ground

:'\ :l Q %. QJ g? ﬁ Rhienns 1: 24,189 .+ heot 8 Poype
Zovmind Toomwd Cpstes Bl fasgleade Tuwet rtoraton £ toied 13 Rodlsngel—ggr i — —
oo e e’ crna Skl iy . .
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The Capital Region of Denmark

Innovation and cooperation
Goal Increased green growth in the region
How

+ Test sites

* Increased corporation with private and public actors as well
as research institutions

* Cheaper, faster and more sustainable methods
» Ground water protection
» City planning and development

» Development of partnerships

* Export of Danish solutions

Seil contamingtionin the Capilai Regien

GREATER

CoPENHAGEN




Test and demonstration

+ Universities

« Companies

New methods of
remediation
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rownfield Sites in Deénmark
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Important aspects in private project development

> Solid knowledge of market intelligence, economic and political aspects

> Respect opinions, both public and politicians - especially the public opinion

> Off-market sites are often high-vyield sites in larger cities

> Business 'case and cash-flow moc;els are important from project time zero

> Master plans and detailed plans have to be generated in the early development phase
> Solid knowledge of on site utilities and planned future facilities

Identification of easements are important in the early phase

5 1 03-10-2017 . CO VVI

v

Important aspects in private project development

> Start dialogue with the authorities very early in the development phase and
frequently follow up regularly (development of relationships)

> Discuss investigation design and assessments with authorities regularly - this
builds up trust and thereby smooth and rapid handling by the authorities

> Respect the requests and pfocedures from the authorities - site specific.

6 1 03-10-2017 COWI



Environmental Issues

Pollutants: soil, groundwater, pore space, building contamination and disposed waste
Flora/Fauna: Bats, reptiles and rare plants

"Cross-border pollutants": smoke stacks, noise

Expenses related to environmental issues have to be calculated early in the development
phase

Investigation and assessment of environmental issues at the right level in the actual
development phase related to investor risk profile

Always follow up frequently on all environmental issues and expenses in the business case

7 | 03-10-2017 CX)“Z[

Remediation targets, assessment of health risks and
monitoring

> Remediation targets are set by the 5 Danish Regions. The targets are set in
relation to:

> Indoor/outdoor climate, sea/lakes and streams and groundwater quality

> Health is assessed by specific assessment models made by the Danish EPA
and Regions

> Monitoring health and environmental risks is designed to the specific project
and the specific possible threats which has been identified in the investigations

> The monitoring take from weeks to years

> All results are processed, validated and reported to the local authority and the
Region where the site is located

8 1 03-10-2017 CDWI
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_ IcCCL
NICOLE : s B international

committee on

Network for Industrizlly Co-ordinated Sustainable Land Management in Europe R : v ::Ur:jtam‘natecj
e | ] (an

DANISH %‘" INNOVATION NETWORK FOR
anish Soil 5%
‘Eaml‘,fmp REGIONS .2 ENVIRONMENTAL TECHNOLOGY

Joint ICCL - NICOLE conference

Groundwater Management on Contaminated Sites
Conference program

5th to 6th October 2017, National Museum, Copenhagen, Denmark.

The conference is following the back-to-back meetings of the
ICCL and NICOLE on 3rd to 4th of October in Copenhagen.
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Network for Industrially Co-ordinated Sustamable Land Management in Furape contaminatad

land

NICOLE Organizing Committee

Lucia Buvé (Chairman) - Umicore/ NICOLE Carlos Pachon - USEPA/ ICCL

Dominique Darmendrail - BRGM/ ICCL Dietmar Miller - Grabherr - EA Austria/ ICCL
Neal D. Durant - Geosyntec Consultants/ NICOLE Rick Parkman - AECOM/ NICOLE

Arthur de Groof - Sweco/ NICOLE Christian Andersen - Danish Regions/ ICCL
Venues

Conference & workshops National Museum of Denmark

Ny Vestergade 10, Copenhagen

Conference dinner (boat service available) Toldboden
18-24 Nordre Toldbod, Copenhagen

Registration

Please complete the conference registration form, available online through NICOLE.org and/or the
NICOLE secretariat. Deadline for registration: 26 September 2017.

Fees

Participation in the joint ICCL & NICOLE conference 2017 is free of charge for NICOLE and ICCL
members, and conference speakers. Information on admission fees for other participants can be
obtained through the NICOLE secretariat.

NICOLE Secretariat

For further information on NICOLE membership, workshop programs, registration & fees, or any
other practical issue regarding the conference, please contact:

Nan Su (Dutch Sino Business Promotions)

P.O. Box 28249 - 3003 KE Rotterdam, The Netherlands
Phone: +31 (10) 310 0829

E-mail: nan.su@nicole.org




NICOLE

Netwark for Industhially Co-orrtinaten Sustananle Land Management in Europe

Thursday 5 October 2017
CONFERENCE DAY 1 - Main venue

08:00 - 08:30 Registration

Key-note Lucia Buvé - Umicore/ NICOLE / Dietmar Miiller - Grabherr - EA Austria/ [CCL
speakers Jens Mandrup - Political committee for traffic and environment in the Capital
Region of Denmark (Chairman)
Carl-Emil Larsen - Danish Water and Wastewater Association (Executive director)
Pascal Mallien - Baker McKenzie / NICOLE
CF or ICCL member - Institute

Panel discussion

10:25 - 11:00 ‘Break (Network event @ secondary venue}

Innovation Paul van Riet - Dow Benelux
Award Hans-Peter Koschitzky - VEGAS, Versuchseinrichtung zur Grundwasser- und
Altlastensanierung, Universitat Stuttgart

Poster pitches Jim Wragg - Geosyntec
Niels Ploug - KRUGER A/S
Thomas G. Reichenauer - AIT Austrian Institute of Technology GmbH

Presentations Leonardo Pfliiger - Argentinean Ministry of Environment
{Funded by the German Ministry for the Environment, Nature Conservation, Building and Nuclear Safety)
The Argentinean context on Contaminated sites and Groundwater pollution: cases
and challenges.

Tim Bartlett - Advisian
Improving cost-benefit and sustainability assessments by estimating groundwater
resource loss

Hans Slenders - Arcadis
From cost-benefit to impact-benefit analyses in sustainability appraisals

Jarno Laitinen - Centre for Economic Development, Transport and the
Environment Finland
Finding ways to implement sustainability in remediation through procurement

13:10- 14:15 Lunch (Network event @ secondary venue) .
Continues on next page >>
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Network for Indushially Co-ordinated Sustamable Lang Management in Europe

contanminated

Thursday 5 October 2017
CONFERENCE DAY 1-Main venue

’U@ﬁ]@m‘ﬂ Intm 0 E]ii.}Dﬁ]]

-SSionoEtend i W@QC@@%}W@" ﬁamjw{ﬁiam . L
i ,_.‘ es fgationy Gfgﬁgc}]am :nc] celiemoval W“l

Poster pitches

Presentations

16:00 - 16:30

[rene Jubany - CTM

Mohamad Sakizadeh - University Teheran, Iran

Jeremy Birnstingl - REGENESIS

Hans-Peter Koschitzky - VEGAS, Versuchseinrichtung zur Grundwasser- und
Altlastensanierung, Universitat Stuttgart

Anne Northway - Environment Protection Agency Australia / Victoria
Australia’s Regulatory Journey: Cross jurisdictional collaboration towards nationally
consistent approaches to environmental regulation of PFAS.

Niels Ploug - KRUGER A/S
First European Thermal Remediation of Crystalline Rock on a busy urban
development site

James Baldock - ERM
Sustainable Low Temperature Thermal Remediation of Pesticides

Dirk Paulus - Tauw Belgié N.V.
In-Situ Metal Precipitation of a mercury impacted aquifer

Break (Network event @ secondary venue)

VERD = TTES

| M‘}M srassion 3 - Chair: Diaumar 7 ier-Gralherr - EA Austrie
Jlnnovationinlinvestigationfemediationlandisoliceliemoyalitechnolopiesl

Poster pitches

Presentations

Giovanni Buscone - Tauw ltalia S.r.l.
Phil Studds - Ramboll Environ
Erwin van der Pol - Witteveen + bos

Hans-Peter Koschitzky - VEGAS, Versuchseinrichtung zur Grundwasser- und
Altlastensanierung, Universitat Stuttgart

Nanoremediation for Soil and Groundwater Clean-up

What can we learn from NanoRem: Possibilities and Future Trends

Olivier Sibourg - Enoveo

Real-time and in situ monitoring of aquatic environments using indigenous
microbial community - based biosensors

Continues on next page >>




 NICOLE

Network tor Industeally Co-nrdinate

Thursday 5 October 2017 O
CONFERENCE DAY 1 - Evening program o
"
17:35 - 19:00 Drinks in the main lobby and access to the poster exhibition O
19:00-19:30  Boat to restaurant O
19:30 - 23:00 Dinner & Innovation Award {nnovation Award Top 3 candidates O
Dinner costs are 400 DK A
(approx. €50) p.p and should University of Antwerp
be paid in cash to the NICOLE Integrated passive groundwater mass flux O
Secretariat sampling technology ’
@,
WSP
Ultra-resclution analysis of coal tars O
RisCom »
Innovative In-Situe Injection Technology i-SAV O
@
O
@,
O
O
Thursday 5 October 2017
Matchmaking & Networking event - Assembly Hall (Festsalen) O
| | O
- During the joint NICOLE/ICCL conference a large number of professionals from Denmark, the
- rest of Europe and the world are expected to visit. In order to promote knowledge exchange, the : (O
- Danish Organisation Innovation Network for Environmental Technologies (Innovation-MT) offers
- all participants a matchmaking and networking event on Thursday 5 October. O
This event will be located at the Assembly Hall (Festsalen) in the National Museum.
To take part in this unique event, you can register yourself as a participant on O
- https://www.b2match.eu/iccl-nicole-networking2017 O
- The matchmaking website is open for profile registration now. Booking of matchmaking meetings O
i will open on the 15th of September. On the 2nd of October the registration will close and meeting g
~ programs will be sent out to participants on the 3rd of October. O
~ For more information or guestions, please contact Ulla Kistine Brandt ukb@cleancluster.dk O
o
),
o
O
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J NICOLE

Ketwork tor Indusirially Co-ardinated Sustainable Land Management in Europe

Friday 6 October 2017
CONFERENCE DAY 2 - Main venue

09:00

OIOIOIEOIOIONOINON S & O

O O

O

Morning welcome

- etz sassien 4 - Chair Chmisian Andersen - Darish Ragions
GWimanagementonlfarselScalelandiMultisourcelsitess

Presentations

Dietmar Muller-Grabherr - Environment Agency Austria
Understanding WFD objectives in groundwater management

Corinne Merly - BRGM
Towards a less stringent groundwater body objective?
Feedback from a French heavily industrial and urban study area

Johanne Urup - Ramboll
Water supply in an urban area with many well-known pollution sites - one case
study in the Copenhagen area

Chiara Senzolo - Advisian
Integrated Water Resources Management in South America

10:45 - 11:00

C o CO00C 00

Closing remarks

11:00 - 14:30

14:30

15:00

' C

N

e

Site visit (By bus, including lunch pack. Registration required}
National Museum drop-off

Airport drop-off
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Participants

Pol Tock Administration de I'Environnement
Tim Bartlett Advisian

Guillermo Bonder Advisian

Steven Whittall Advisian

Chiara Senzolo Advisian

Rick Parkman AECOM

Regina Vilao

Thomas Reichenauer
Wilfred van Noord
Hervé Constantin
Maxime Petrignet
Hans Slenders

Kathy Verhelst
Maurice Henssen
Sytze Keuning
Birgitta Beuthe
Valérie Guérin
Corinne Merly

Alain Roger

Pascal Mallien

Paul Nathanail

Gitte Ellehave Schultz
Jytte Gad lauridsen
Anette Specht
Karsten Rosenkilde
Jarno Laitinen
Claudio Albano

Rob Sweeney
Mathieu Morlay
Jéréme Rheinbold
Dominique Darmendrail
Matthew Ingram

Jit Joytishna

Andreas Zissimos
Niels Bukholt
Christian Andersen
Kurt Moller

Kit Jespersen

Nanna Thomsen
Carl-Emil Larsen

Ana Maria Ocampo Gémez

Sheila Verédnica Zacarias Rios
Pedro Alberto Sifuentes Amez

Agencia Portuguesa do Ambiente

AIT Austrian Institute of Technology

AkzoNobel

Arcadis

Arcadis

Arcadis

Bekaert

Bioclear earth

Bioclear earth

BP

BRGM

BRGM

BURGEAP

BVBA

CABERNET & INSPIRATION (University of Nottingham)

Capital Region

Central Denmark Region

Central Denmark Region

Central Denmark Region

Centre for Econamic Development-, Transport and the Environment Finland
CH2M

CL:AIRE

COLAS Environnement

COLAS Environnement

Common Forum

Cornelsen Ltd

CRC CARE / UniSA

Cyprus Geological Survey

Danish EPA

Danish Regions

Danish Regions

Danish Regions

Danish Regions

Danish Water and Wastewater Association

Direccién de Asuntos Ambientales Sectorial y Urbana, Ministerio
de Ambiente y Desarrollo Sostenible de Colombia

Direccién General de Calidad Ambiental del Ministerio del Ambiente de Pert
Direccién General de Calidad Ambiental del Ministerio del Ambiente de Perl




/ NICOLE

Metwnrk tor lndustrially Co-orimated Sustanan & Land Managementin Eurape

Participants

ICGL

nternational
wmittee on
aminated

Paul van Riet
Philippe Menoud
Dan Alexander
Jannik Stephanus
Ana Paya Perez
Matteo Donati

Paul Sheehan
Caroline Dionisi
Olivier Sibourg
Dietmar Miller - Grabherr
Rebecca Hughes
Anne Northway
Hui-Chen Tsai
Dragana Vidojevic
James Baldock

Phil Crowcroft

Bavo Peeters
Andreas Bieber
Christiane Wermeille
Irene Jubany

Jim Wragg

Neal D. Durant
Jean-Jacques Peraudin
Thomas Strassburger
Ake Eriksson

Thierry Imbert

Lena Torin

Joanna Ankersmit
Henriette Korpershoek
Klaas de Jong
Nicholas Tymko

Tim Op 't Eyndt
Goedele Verreydt
Ana Isabel Alzola Echazarra
John Vijnen

Horst Herzog

Jung Auk Park

Young Kyuem Choi
Sang-ll Hwang
Maiken Faurbye
Niels Ploug

Rasa Radiene

Rob Rutjes

Habib Diallo

Dow Benelux

DuPont

EarthSoft

EarthSoft

EC - Joint Research Center

Ecologia

Ecologia

EDF

Enoveo

Environment Agency Austria
Environment Protection Authority (South Australia)
Environment Protection Authority Victoria
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Executive Summary

IFLUX entails a proven innovative measurement solution to explore the motion of groundwater
pollution. The patented technology in combination with the specific data interpretation
methodology guarantees a more accurate and complete view of water and pollution movement
beneath the surface. These detailed insights enable problem owners to reduce the cost of total
contaminated site remediation significantly.

The monitoring and management of soil and groundwater is a challenge. Current methods for the
determination of movement of pollution in groundwater use no direct measurements but only
simulations. This entails large uncertainties which cause remediation failures and higher costs for
contaminated site owners. On top of that, the lack of useful data makes it difficult to get approval
for a risk-based management approach which completely avoids costly remedial actions.

iIFLUX introduces the first modular flux sampler operational in the market, that provides accurate in
situ measures of groundwater and pollution movement. Currently, two designs have been
developed: 1. the iFLUX sampler for installation in existing monitoring wells, and 2. the iFLUX
Prospector for direct installation in the subsoil. The modular design enables to sample several types
of pollution at the same time and for a longer period (1 week to 6 months). When installed in an
existing monitoring well or directly in the saturated subsoil, it intercepts the groundwater flow and
captures the compounds of interest. Lab analysis will result in time-averaged groundwater and
target compound fluxes. The iFLUX technology currently comprises one Waterflux cartridge to
monitor speed and direction of flow and three cartridges to monitor different sources of pollution
—VOC's, heavy metais and nutrients.

The integrated Flux Solution includes lab analysis and data interpretation in order to deliver
trustworthy groundwater flux information. The end-result is an analytical report containing
detailed and reliable flux data, with comprehensible graphs and maps of the designated field. This
leads to a novel approach of dynamic remediation management in a more cost-effective and faster
manner.

The method is validated and demonstrated at several projects in Flanders, Wallonia, France,
Switzerland and the Czeck Republic. Local regulators, research institutes, consultants and problem
owners were involved. The technology is on track to be accepted and recommended by
environmental regulators as the number one technology for in situ mass flux determination.

Inventor and key developer of the iFLUX technology is Dr. Goedele Verreydt, who spent 8 years to
optimize a flux sampler that fits market needs. Together with Tim Op ‘¢ Eyndt and Filip Meesters,
they finished the iFLUX prototype and specified the business concept ready to launch commercially
as a spin-off of VITO and the University of Antwerp.
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1. Introduction

Even though safety and environmental compliance obligations have become more stringent over
the recent past, a large number of contaminated sites still prevail. Alongside this the demand for
land (and groundwater] remains high, driven by population growth and continued commercial and
industrial activity. Consequently, the need for remediation of contaminated sites to restore the
land for future viable use is in high demand.

Deep and irregularly shaped contaminant sources typically produce widespread and dynamic
plume zones that are difficult to monitor and difficult to remediate. Remedial actions often fail
because of the inadequate characterization of the source zone.

Authorities and environmental consultants are well aware that it is not enough to know what is the
current pollution beneath the earth surface, you also need to know how it is moving. The pollution
that reaches a receptor (e.g. drinking water extraction, residential zone, river) determines the risks
for that receptor and therefore should be measured. Only when this risk is in control, a risk-based
management of the contamination is suggested, which is often the only BATNEEC option (Best
Available Technology Not Entailing Excessive Cost).

“It is not only about the status of pollution in groundwater,
it is about where and how it moves.”

The pollutant load or the mass of pollutant that is moving through the subsoil and the groundwater
is called the contaminant mass flux. Current methods for the determination of mass fluxes in
groundwater provide no direct in situ measures of flow.

The monitoring and management of soil and groundwater is a challenge. These methods involve
individual measurements of Darcy water fluxes and contaminant concentrations. This indirect
approach entails large uncertainties, especially in complex, heterogeneous aquifers and under
temporally varying flow conditions. These uncertainties cause more remediation failures and
higher costs for contaminated site owners. On top of that, the lack of useful data makes it difficult
to get approval for a risk-based management approach which completely avoids costly remedial
actions.

2. Contaminant mass flux

Contaminant mass flux is defined as the total amount of contaminant, expressed as mass, passing

per unit area per unit time through a well-defined control plane or plane of compliance that is

orthogonal to the mean groundwater flow direction (Basmadijan, 2004; Bear, 1988; Newman et al.,
m

20085). J =Cy= P

where Jc is the contaminant mass flux [g m™ day™], C is the mean concentration of the
contaminant in the groundwater [g m™], v is the Darcy groundwater flux [m® m? day™], m is the
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mass of contaminant [g], A is a well-defined plane of compliance, orthogonal to the groundwater
flow direction [m?] and t is the time [day].

Contaminant mass discharge (M) is the spatial integration of the contaminant mass fluxes {i.e., the
sum of all mass flux measures across an entire plume) and thus represents the total mass of any
contaminant transported by groundwater through a defined plane. Contaminant mass discharge is
expressed as mass per time.

M, =[J.d4
A

where A is the area of the plane of compliance [m?] and J. is the spatially variable contaminant flux
[g m? day™].

3. Technology

The iFLUX technology includes an in situ measurement device for capturing dynamic groundwater
quality and quantity, and an associated interpretation and visualization method. Currently, two
iFLUX designs have been developed: 1. the iFLUX Sampler for installation in existing monitoring
wells, and 2. the iFLUX Prospector for direct installation in the saturated subsoil.

The basics of the three designs are the same. They all are modular systems that include catridges,
specific to measuring water flux or capturing the contaminants of interest. The catridges, when
exposed to the groundwater flow, provide in situ point determinations of a time-averaged target
compound mass flux and water flux.

iFLUX cartridges

The iFLUX catridges are permeable cartridges which are each packed with a specific sorbent matrix.
The sorbent matrix of the water flux cartridge is impregnated with known amounts of water
soluble resident tracers. These tracers are leached from the matrix at rates proportional to the
groundwater flux. The measurements of the contaminants and the remaining resident tracer are
used to determine groundwater and target compound fluxes. Exposure times range from 1 week to
6 months, depending on the expected concentration and groundwater flow velocity. Four types of
cartridges are currently available: volatile organic compounds, metals & heavy metals, nutrients
and water flux. Several cartridges can be superimposed to realize vertical flux differentiation

iFLUX Sampler

The IFLUX Sampler is the device that can be installed in existing monitoring wells. The cartridges
are superimposed on rods (typically on waterflux catridge combined with one or more contaminant
cartridges) that can be connected to form a long sampling chain. The ease of use and installation is
the main advantage of this design.
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Figure 1 - iFLUX sampler: Field concept — sampler assembly — sampler cartridge

IFLUX Prospector

The iFLUX Prospector modules are designed to create a string of stainless steel modules to install
into the soil by the use of machine drilling rig or by hand drilling. The weight and dimensions are
designed to make the installation a one man job. Every sampling module can contain several iFLUX
cartridges. Figure 2 shows the installation of the iFLUX Prospector system using a machine drilling
drig. Advantages of this system are the no need for monitoring tubes where it is not desired and
the minimum groundwater flow field distortion as the cartridges are in direct contact with the
surrounding soil material.

iFLUXPI’OSDECtDr SVStem e .
installation with drilling rig

Example of on field task
during installation

Figure 2 - iFLUX Prospector installation
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4. When to apply?

® More accurate characterization
Executing the remediation based on accurate data that can also indicate the mobility of
contamination is of invaluable importance. Therefore it is crucial to map out clearly the
spreading risks of groundwater contamination.

e Design remediation plan
High flux zones can be indicated and in situ remediation techniques can be dimensioned
based on the actual and local pollutant load.

® Determine remediation urgencies and priority source zones
Differences in source strength can be determined from the flux results, which localizes the
most hazardous sources. This can be put to immediate use in the remediation plan.

e Follow up of remediation efficiency
Follow-up of the efficiency of these remediation measures is more accurate as well. This
can be done by following the decrease in pollutant load and pollutant flux, typically
downstream from the treated source or plume zone,

o Monitoring of Natural Decomposition
The natural decomposition or the decrease in pollutant loads can be calculated by the
difference in total pollutant load between two cross sections of the contamination plume.
Monitoring of decomposition parameters, nutrients and fluxes to subsidiary products also
results in highly valuable information.

e Risk-based management of contamination
Flux sampling offers a reliable basis for risk management. The actual mass and speed with
which a contamination reaches a receptor, evaluates precisely the risks for this receptor.

5. Reference projects

Multiple reference projects within different application scopes have been and are still being
perfomed. As an example, we will show some results of two recent projects: 1. Vertical
stratification of VOCs in groundwater (Czeck republic), and 2. PASSIFLUX phase 1-2 (Switzerland).

Reference 1: Vertical stratification of VOCs in groundwater (Czechia, March-May 2017)
Background

It concerns an active indusirial site in Czechia. The site is contaminated with petroleum
hydrocarbons, chlorinated solvents and pharmaceutical products. The flux field campaign focuses
on the vertical spreading of mainly the chlorinated solvent compounds.

Challenge

The challenge within this project is to determine the vertical stratification of the residual deeper
pollution in a very heterogeneic subsoil. A fully screened deep large diameter well is used for the
measurements.

Solution

16 iFLUX cartridges were installed in one large diameter well between 6 and 19 meter below
ground level. The mass flux data determine the vertical spreading and therefore stratification of
the residual VOCs in the subsaoil.
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Figures 3 a & b - iFLUX mass flux results in one monitoring well, showing different scales

Reference 2; PASSIFLUX phase 1-2 {Switzerland & France — 2015/2018)

Background

This study comprises the application of passive flux samplers for the measurement of halogenated
volatile organic compound mass fluxes and Darcy water fluxes in groundwater at a field site in

Switzerland and in France.

It frames in the PASSIFLUX project which aims the preparation of a

‘Code of Best Practices for Passive Flux Samplers’, that includes the evaluation and testing of the

performance of several types of passive flux methodologies for groundwater.
Challenge
Flux samplers are installed in different situations, with different target pollutions, in source and
plume zones, under low and high water fluxes and varying contaminant mass flux loads.
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Solution

The project consists of four phases. In the first two phases we installed 22 flux samplers (2
cartr./sampler} in 6 different monitoring wells. After retrieval {1-3 months exposure), the cartridges
were analyzed for VOCs and tracers. Results are compared with other passive sampling methods
and traditional soil and groundwater sampling methods.

6.Prospects & discussion

The in situ monitoring of the movement of the groundwater pollution is unique and very promising
in contaminated soil and groundwater management.

The proposed technology fits within the procedures and principles formulated in the proposed EU
Soil Framework Directive, the EU Water Framework Directive, the Industry Emissions Directive and
the Flemish Soil Decree. The implementation of this flux-based strategy requires the participation
of the local authorities to accept mass flux measurements as an additional or in some cases better
alternative monitoring method to conventional concentration measurements.

The Flemish, French and Suisse authorities have already taken the first step toward possible mass
flux targeting instead of concentration targeting by implementing the iFLUX technology and by
performing pilot studies to validate the technology and pubish it for the environmental sector as a
Code of Best Practice for passive flux measurements in groundwater (Pilootstudie Polluentfluxen —
OVAM, 2017, PASSIFLUX Project — ADEME & INERIS, 2015-2018).
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Executive summary

This project’s achievements, include: 1) the development of an analytical method providing a single
stage analysis for fingerprinting coal tars (a,c}; 2) the application of this method to fingerprint a
diverse range of coal tars from the UK and abroad (a,c). 3): the modification of the original
analytical method to identify further groups of compounds in coal tar (a,c), 4) the application of
this methods to produce the world’s first ultra-resolution analysis of coal tar and crecsote samples
(a, d) and 5) Eight journal papers have been published {d) The research has proven the
applicability of the analytical method for fingerprinting coal tars (c). It has identified a diverse
range of over 2300 detectable compounds, with only 173 of these compounds found in all coal tar
types (b). it has greatly improved our knowledge of coal tar composition, beneficial in
understanding it's remediation and fundamental in its risk assessment, where so much is
dependent on benzo{alpyrene and its relationship to coal tar (ab,c,d). The technique is available
from the University and can be implemented by suitably eguipped commercial laboratories (b).

Introduction

“Coal tar" is a catch all term used by
the contaminated land community
worldwide to describe the viscous
tarry substance generated by gas
and coke manufacturing processes,
Whilst it is often assumed all coal
tars are similar, they are not. A point
recognised by the US National
Institute of Health". Any process
which causes the thermal
breakdown of organic matter in an
oxygen limited environment will
produce tar. In the US Coal tar is also
used to describe tars from oil based
gas manufacturing processes, adding
to the confusion, especially as in the
North Eastern and Pacific coast USA, oil based gas making processes started to predominate..

During the 160 year history of gas manufacture, starting in the early 19t century, the processes
evolved, becoming more efficient and using new feedstocks, such as oil. Whilst the gas industry
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started in the UK, it soon spread across Europe, leading to the construction in excess of 10,000
former gasworks across the European continent and numerous coking works, so the manufacture
of coal tar has been very intensive. It has left behind a considerable environmental legacy.

The composition of coal tar remains a long standing issue, even recent key documents such as
European Commission’s draft guidance document on the definition and classification of
hazardous Waste, describe it incorrectly. They refer to it as “a viscous material composed of
complex, high-molecular-weight, compounds derived from the distillation of petroleum or the
destructive distillation of wood or coal”, evidently this may describe tar, but not specifically coal tar.

The topic of the 2017 NICOLE Innovation Award is: Innovative remediation, monitoring and control
technologies to deal with challenging contaminants leading to time and/or cost efficient
sustainable remediation solutions. Whilst our research project focusses on the monitoring aspect,
it this can equally be applied innovatively to look at both remediation and risk assessment.

This entry includes two phases of research which have been undertaken over the past eight years,
primarily covering the PhD’s of Laura McGregor and Chris Gallacher, under the supervision of
Robert Kalin, Caroline Gauchotte-Lindsay and Russell Thomas. The work has been undertaken at
the University of Strathclyde, with funding provided by WSP, National Grid and Scottish Funding
Council (SFC)Glasgow Research Partnership in Engineering.

The problem

Our research has sought to answer some fundamental questions: what is coal tar composed of and
does the composition of coal tars produced by different processes vary and do they have unique
finger print. By answering these questions, it has allowed us to move away from making
assumptions about this complex substance, providing a both a detailed analysis and a specific
fingerprint for the different types of tar investigated. Whilst coal tar tends only to be found on
former gas or coking works, similar substances such as soot from a fire, contain the same
substances. The coal tar studies undertaken by Culp et al " form a fundamental part of the
surrogate marker approach used to assess the human health risks posed by Polycyclic Aromatic
Hydrocarbons (PAH}and complex mixtures of organic compounds found on many brownfield
sites. This approach was supported by the UK Health Protection Agency in 2010" and other
regulatory systems globally. Whilst these approaches take account of some of the diversity of PAH,
they do not account for any other groups of compounds. To date the commercial analysis of coal
tar has been limited to simple forensic identifications and the analysis of selected components
such as Polycyclic Aromatic Hydrocarbons (PAH), using methods such as GC-FID or GC-MS, This
project has sought to provide a more powerful analytical tool, to fingerprint tars for source
apportionment and provide a detailed analysis to support risk assessment and remediation
decision making.

The research

The first phase of the project was undertaken by WSP, who
researched whether different gas manufacturing processes
would produce tars of differing composition. The evidence
obtained supported this hypothesis as described below (a).

The retort systems used for the carbonisation of coal evolved
from low temperature horizontal retorts through to high
temperature coke ovens. Their shape and operation (static,
intermittent or continuous} also changed as the industry
evolved. These changes had an impact on the coal tar
produced. The variation in the coal used was limited due to the
fact that only certain coal types were used for gas
manufacture. In all cases, during carbonisation a primary tar
was formed initially. Depending on the process, the extent to
which the tar was further degraded was reliant on the
temperature of the retort, its orientation, its shape, the depth
of coal charge and availability of hot surfaces. Another process
used on gasworks from 1880s onward was carburettor water
gas [CWG), which made gas from steaming hot coke to
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produce a poor quality of gas of hydrogen and carbon monoxide, this was enriched through
injecting oils into the gas in a hot chamber called the carburettor. The tars produced by the CWG
process were sourced directly from the gasification of the oil, rather than coal.

The second phase of this research was to develop an analytical method to enable the finger
printing of coal tar samples. The analytical method had to be able to detect a significant number
of the diverse groups of compounds found in coal tar. These ranged from aliphatic compounds to
sulphur heterocycles. The analytical method chosen used two dimensional gas chromatography
coupled with time of flight mass spectrometry (GCxGC-TOFMS, Figure 2). The GCxGC was operated
in ‘reverse—phase’ using a polar primary column with a non-polar secondary column, this
enhanced the resolution of aromatic and aliphatic compounds, enabling it to detect thousands of
diverse compounds within a single sample run (a,c,d, Figure 3)".

In order to produce a fingerprint for the tar, the large amount of data generated required the use
of the statistical technique "Principal component Analysis” (PCA). PCA was used to extract the
variations from the large dataset by reducing raw sample data for selected compounds into
smaller uncorrelated variables known as principal components (PC). The score plots of the two
different PC describe the most variation in the data, allowing the relationships between the peak
areas of the identified compounds within the samples to be evaluated (a,c,d).

During this phase of the research the project partners started to amass a diverse range of coal tar
samples from different sites from across the UK. The tar library now contains over 40 different coal
tar samples, a unique resource, accessible to researchers {d). For each site we collected tar samples
from we undertook a separate phase of forensic industrial archaeology, so that we could be certain
of the method used to produce the coal tar (a,c).

Figure 3. Typical scan produced by the GCxGC-TOFMS, showing the separation of aliphatic and aromatic compounds.
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Fingerprinting coal tars

From the library of coal tars, 23 samples were chosen for fingerprinting via the method described
above. These 23 samples had been identified as having been produced by 5 distinct production
processes for detailed investigation'. The gas making processes investigated included: Low
Temperature Horizontal Retorts; Horizontal Retorts; Vertical Retorts; Carburettor Water Gas (CWG)
and Coke Ovens. The result of this analysis can be seen in Figure 4. The result clearly showed that
the CWG tars which are oil derived have a very different signature to “true” coal tars. This has its
implications as experimental work undertaken on US coal tars (e.g. Culp et al, 1998), may well have
been such oil derived CWG tars and not those more likely to be encountered in European
gasworks.

To expand the international utility of this work, samples were obtained from abroad (¢,d) Working

with the consultants in the field, we developed a tar sampling methodology, which was used to
obtain samples and ship them to the UK (¢). Two examples are given below.
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Samples of tar were obtained from the Arnhem gasworks in the Netherlands. Similar to many on
the continent, Arnhem gasworks used chamber ovens, a process developed in Germany and
seldom used in the UK. It was ideal for continental coals, which were primarily coking coals. The
analysis of these samples provided a forensic sighature for chamber ovens. Extending the
capability of the method to a widely used gas making process on the European continent (c,d).
When plotted against other characterised samples, the tar was positioned between high
temperature horizontal retorts and coke ovens (Figure 4), This would have been the expected
position, confirming the capability of the method as a forensic tool (c).

Figure 4. Plot of the principal components generated from the analysis of coal tar samples from the database, showing
the position of the Vertical Chamber Oven tar (dark red) and US CWG tar (purple) samples {e).
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Suspected coal tar samples from a waste dump were provided on behalf of the authorities of a city
in southern USA. The dump had once been used to dispose of tars from the city gasworks. The
authorities had provided the samples with the hope that our method could identify the process
which had produced the tar and whether it could be linked to the gasworks {a,b,d). Such
investigations in the US are commeon within legal cases to assign liability, but they depend upon
simple forensic ratios. Our analysis detected 865 compounds within the tar, using PCA to interpret
the data it showed the tar (Figure 5)grouped closely with UK CWG tars (a,c,d), but not identically.
The difference being explained due to the CWG plants in Southern US using cheap soft coals in
preference to more expensive coke, as used in the UK. This research has been submitted to the
Journal Environmental Forensics (d) The method has in one attempt managed to prove the origin
of the samples, which had previously taken years of expensive field and laboratory investigation
without proving a conclusive answer {b).

Composition of coal tar and creosote

With the confirmation of the fingerprinting methodology. Attempts were made to improve the
range of compounds which the analytical method could detect. The same analytical equipment
was used (GCxGC-TOFMS), but the method was altered with the addition of a derivatisation step.
Derivatization chemically changed compounds making them more amenable to detection. A
number of different approaches were tried, but eventually a post extraction derivatisation step
was chosen. As with the previous method, it was designed so that it could be carried outin a
suitably equipped commercial laboratory (b), but is also available from the University for at a cost
of £800/sampile, whilst this is costly, it provides a uniquely powerful tool (b). Details of the method
are available in the references provided.
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The research then fecussed on detailed analysis of what constitutes both creosote and ceal tar.,
Detailed analysis of Creosote

Creosote, a distillation fraction of coal tar, has been widely used as a wood preservative and is
commeonly found in the ground of sites formerly used for this purpose. Detailed analysis of creosote
has not extended beyond 160 compounds typically. The new method was able to detect 1505
compounds, which included 231 compounds only detectable with the hew method (a,c,d) Many of
the 231compounds were high molecular weight phenolic compounds. These include octyl and
nonyl phenols, suspected endocrine disruptors, previously undetected in coal tar or its distillates.
This demonstrates the value of this research (¢,d,) which has been published in the journal
Chemosphereil

Detailed analysis of coal tar

Sixteen samples produced by the 5 distinct production processes were selected from the 23
samples which had previously been fingerprinted as described above, In total the 16 samples
contained 2369 unique compounds {a,b,¢,d), these included:

» 948 aromatic compounds;

- 198 aliphatic compounds;

+ 380 sulfur-containing heterocyclic compounds (PASH};

» 209 oxygen-containing heterocyclic compounds {Oxy-PAH}
262 nitrogen-containing heterocyclic compounds (NPAC) and
« 15 mixed heterocycles.

The derivatisation method allowed 359 more unique compounds, primarily hydroxylated PAH, to
be detected (a) Animportant feature of the 2369 compounds detected, were that only 173
compounds were found to be present within all tar samples {a,b,c,d). This list includes the US EPA
16 PAH and the more recently desighated US EPA 34 PAH. The latter includes 16 groups of C1to C4
alkyl PAH. The detection of the alkyl PAH confirmed the benefits of the US EPA 34 PAH approach
{c). Alkyl PAH can contribute between 35-45% of the total PAH composition and accounted for 74
of the 173 compounds found in ali the tar samples (¢}

Alkyl cyclohexanes are markers of oil (petrogenic material), they were only detected in samples of
CWG tar or tar from sites that had operated a CWG plant. The CWG process used oil to enrich poor
quality “water gas”. It however, produced a tar which had a high water content and tar distiller
would not accept. Blending the CWG tar with coal tar, diluted the water content, enabling it to be
sold. The results demonstrated that the mixing of CWG tar and coal tar was common and goes
towards explaining why UK gasworks do not tend to have the same large plumes of CWG tar in
groundwater, as found in the USA (a,b,c,d). The presence of CWG tar in coal tar, would enhance its
mobility, through reducing both its density and viscosity and increasing co-solvency of the tar (g).

The most important of the PASH compounds detected were the thiophenes and
dibenzothiophenes, some of which are carcinogenic and mutagenic. Whilst readily biodegradable,
the metabolites can have increased carcinogenicity, such as shown in Figure 5 (a,c,d).

A small number of NPACs were detected in all samples, this included the acutely toxic 1-
Naphthonitrile. The addition of hitro & amino groups to PAH can enhance toxicity by up to 100-
fold. NPAC are also special concern in groundwater at gasworks due to their increased water
solubility over PAH (a,c.d,).

Benzofuran and a number of its detivatives were the oxy-PAH present in all samples, phenolic
compounds were not. Phenolic compounds can provide useful markers for the degradation of coal
tars, as they are readily degradable and soluble. This analytical method can provide a useful tool to
establish whether the tar would have criginally had a high phenol content. The method can also
detect compounds indicative of biological activity within the tar samples. Fluoren-2-one is of
particular interest, as it is produced as a metabolic breakdown product of both fluorene and
fluoranthene. It was abundant in some tar samples whilst missing from other comparable samples
{b,c.d)

The results also demonstrated that as you transitioned from lower temperature processes (low
temperature Horizontal retorts) to high temperature processes {coke ovens), the concentration of
parent PAH, NPAC, PASH and OxyPAH would increase whilst the concentration of their alkylated
forms and aliphatic compounds would simultaneously be lost {d). Such important changes
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demonstrate the variation in coal tar composition, with the risks of coal tars from low temperature
processes (as found on small town gasworks) likely to be underestimated, as a greater portion of
the PAH are present in their alkylated form which are not analysed. This research has been
published as 3 separate papers (d )<,

Figure 5. Potential biodegradation intermediates of Phenanthro(3,4-bjthiophene.
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in all cases the impacts of alkylated PAH and heterocyclic compounds are overlooked in soils
affected by coal tars. The aim is that knowledge gained from this project can be used to focus
future attention on those alkylated PAH and heterocyclic compounds to better inform both risk
assessment and remediation of site affected by both coal tar and PAH (b,c,d).

Conclusions

This project has delivered an analytical methods providing a single stage analysis of coal tar for
fingerprinting coal tars or analysing them in detail (a,c). It has been applied to fingerprinting a
diverse range of coal tars from the UK and abroad (a). The modification of the original analytical
method to identify further groups of compounds which has allowed the world’s first ultra-
resolution analysis of coal tar and creosote samples (a), in total eight journal papers have been
published (d). It has greatly improved our knowledge of coal tar composition {a), beneficial in
understanding it's remediation and fundamental in its risk assessment, where so much is
dependent on benzo(a)pyrene and its relationship to coal tar (a,c).

1 Judging Criteria: (a)innovation, (b} potential contribution to cost savings, (¢) technical applicability, {(d) plans for
communication and market availability, - applicable to contaminated land.

8 https://toxnet nim.nih.gov/cqi-bin/sis/search2/r?dbs+hsdb@term+@DOCNO+5050
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CHaPD General Toxicology Unit, CRCE Chilton, HPA, 2010

¥ McGregor, LA, Gauchotte-Lindsay, C., Daeid, N.N, Thomas, R., Daly, P. and Kalin, R. M. Ultra resolution chemical
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dimensional gas chrornatography, Journal of Chromatography A, Volume 1218, Issue 29, 22 July 201, Pages 4755-4763.
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Environmental Forensic Classification of Coal Tars from Former Manufactured Gas Plants, E,S&T, 2012
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INNOVATIVE in-Situ Injection Technology- i-SAV®

Uwe Dannwolf & Gordon Bures, RiskCom GmbH
SUMMARY

This entry describes the i-SAV® (in Situ AdVantage) technology, an innovative, in situ reagent
emplacement technology with optional permeability enhancement possibilities to improve sub-
surface flow enabling a targeted distribution of freatment reagents in challenging geological
conditions.

The i-SAV® technology creates cost savings as it is applicable while drilling and does not re-
quire the construction of injection wells. The technology achieves large radii of reagent distri-
bution ranging from 4 m in shallow clays to more than 20 m in deeper sediments from one
borehole. The technology allows reagents to be injected as suspensions with up to 80% rea-
gent concentrations, thereby avoiding the requirement for repeated injections leading to fur-
ther cost savings. Its technical applicability ranges from the unsaturated zone to the saturated
zone, from shallow depths (usually below 4 m bgs) to depths up to 100 m, and from unconsoli-
dated sediments to bedrocks. No groundwater extraction is usually necessary.

Moreover, the i-SAV® technology is independent of the subsurface’ permeability as it is chiefly
dependent on the at-rest pressure and the overconsolidation ratio.

Monitoring of subsurface remediation effectiveness is significantly improved through the use of
proven non-inirusive geophysical mapping techniques to verify the areal and vertical extent of
remedial amendments emplaced within contaminated subsoils. The application of i-SAV®
technology is extremely adaptable, in that it can be used in a “treatment train” approach,
whereby challenging contaminanis can be treated by in sequence by physical, chemical, and
biological processes on any given remedial project.

Furthermore, the i-SAV® approach requires only a small footprint making it ideally suited for
operational sites with significant above- and below- ground infrastructure where ex situ treat-
ment options are limited.

The technology is sustainable because it has proven to decrease the time required to meet re-
medial goals. I-SAV@ requires only little energy and has a low water consumption resulting in
a positive ecological balance compared to other remediation technologies.

The technology has been successfully applied in various configurations with physical extrac-
tion (e.g. enhanced pump & treat), chemical oxidation and reduction, and biological treatment
processes across North America, Europe, and Asia.

The-i-SAV® technology is an innovative approach in the European remediation market, and
many countries are trying to establish similar practices. Currently, the technology is available
through RiskCom for the European market.

A demonstration project is planned for autumn 2017 in Germany. Significant amounts of mate-
rials about the technology can be found on the “Clu-In” website.

RiskCom GmbH
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1 TECHNOLOGY DESCRIPTIION
1.1 INNOVATION

The i-SAV® in-situ efficiency technology {,in-situ advantage®) is used to target specific contam-
inant zones and facilitate the hydraulic emplacement of treatment reagents at problem sites with
limited access, or where difficult, low permeability soil and hard bedrock conditions are encoun-
tered. The i - SAV® technology enables a large contact of the treatment reagents with contami-
nants which significantly enhances their in-situ treatment. The technology can be adjusted so
that sand layers are injected generating significant permeability enhancements of the subsur-
face allowing the technology to be coupled with other pre-existing technologies (e.g. hot or cold
soil vapour extraction).

1.2 POTENTIAL FOR COST SAVINGS
The i-SAV® technology creates cost savings because:
« itis applicable while drilling and does not require the construction of injection wells;

» |t facilitates large radii of reagent distribution even in low permeable soils and enables tar-
geted emplacement requiring fewer injection wells;

+ [t allows the injection of extremely concentrated remediation reagents at very high rates
(tons per day) avoiding the requirement for repeated injections;

« Unless the Authorities insist of an additional safety layer, no groundwater extraction is usu-
ally necessary.

The technology is sustainable because it has proven to decrease the time required to meet re-
medial goals. | - SAV®@ has a positive ecological balance compared to other remediation tech-
nologies because of its low energy and water consumption. Further advantages compared to
conventional remediation approaches (e.g. dig & dump) are:

» Significantly lower energy requirements due to minimal equipment/transportation require-
ments;

+ Negligible production of potentially harmful fugitive emissions compared to ex-situ re-
moval/treatment of contaminated soils and groundwater. No disruption to off-site municipal
infrastructure (roads, utility lines, pipelines, etc.);

» No excessive land use due to the avoidance of landfilling.
1.3 TECHNICAL APPLICABILITY

i-SAV©'s technical applicability ranges from the unsaturated zone to the saturated zone, from
shallow depths (usually below 4 m bgs) to depths up to 100 m, and from unconsolidated sedi-
ments to bedrocks.

The technology involves the pressurized injection (3 to 15 bars) of slurry containing either high
permeability substrates and/or freatment reagents into contaminated zones in the subsurface.
A network of interbedded, hydraulically connected flow pathways is created which enables the
distribution of treatment amendments over large radii of influence extent (4 to 20 m).

While using the i-SAV technology highly concentrated suspensions (up to 80%) for almost all
reagents can be injected whereas regular injection methods allowing only low concentrated flu-
ids (< 5% to a maximum of 40% for Na-permanganate) to be injected.

The reagents can be formulated in such a way to establish a treatment train, i.e. a series of
oxidation or reduction and stabilising steps making the remediation successful. Thereby the
success of the remediation can be easily increased in one step.

One key factor of differentiation to other in-situ injection techniques is that the i-SAV® technol-
ogy is not dependent on the permeability of the subsurface. Instead the technology is depend-
ing on the pressure distribution of the subsoils. One important geo-mechanical factor deter-
mining the distribution of amendments emplaced into subsoils is the coefficient of earth pres-

RiskCom GmbH
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sure at rest, Ko, which is defined as the horizontal pressure, o’n divided by the vertical pres-
sure, o'y at a given depth and for a particular soil type. The other main factor which determines
the distribution pattern of amendments is the overconsolidation ratio (OCR).

The i-SAV® technology can be applied in contaminant source areas or distal plume areas, as a
stand-alone remediation technology, or in combination with other in-situ remediation methods.

1.3.1 Visualising the distribution of remediation reagents

One of the most problematic aspects of in-situ remediation is the verification of its effectiveness,
because of the inability to visually observe the effects on contamination in the subsurface. This
is particularly important when treatment reagents are injected into the subsurface. This is espe-
cially so, if the reagents are emplaced as low concentrated solutions with large amounts of
water. When injected as highly concentrated slurries, soils from liner bores show the distribution
in a vertical bore. A better way of reagent mapping by a non-intrusive, accurate and verified
method exists for determining the distribution of reagent layers is called a tiltmeter geophysical
survey. This method relies on ground surface sensors to monitor nano/micro-displacements
induced by reagent emplacement into subsoils.

Typically, an array of 10 to 16 surface-mounted geophysical tiltmeters is set up around each
injection borehole location. During an injection event, ground surface "ilt” is measured at each
tiltmeter station and the information is stored wirelessly in a data store, which allows live visual-
isation on field laptops. For interpretation purposes, the tilimeter data is subsequently analysed
by dedicated geophysical modelling software. Three dimensional graphical representations are
subsequently generated. Such 3D pictures can assist the interpretation of the effectiveness of
the reagents and the hydrogeochemical patterns found after the injection event. it would also
allow optimising long term remedial performance modelling. Furthermore, it tremendously aids
in the communication to the regulating Authorities.

1.4 PLANS FOR COMMUNICATION

A demonstration project is planned for autumn 2017 in Germany. Significant amounts of mate-
rials about the technology can be found on the “Clu-In" website.

The i-SAV® process was initially developed in response to an USEPA initiative for developing
technology to overcome the limitations of in-situ remediation in low permeability soils”, and
has evolved over the past two decades to a proven and accepied remedial technology with
hundreds of successful commercial applications worldwide.

1.5 MARKET AVAILABLIITY

The-i-SAV® technology is an innovative approach in the European remediation market, and
many countries are trying to establish similar practices. Currently, the technology is available
through RiskCom for the European market.

2 CASE STUDY - ITALIAN GAS STATION PILOT TEST

Two highway retail fuel service stations near Chieti, Italy have significant petroleum hydrocarbon
related impacts (TPH, BTEX, MTBE) in groundwater and in low permeability soils in the satu-
rated and unsaturated zone. Efforts to remediate contamination using pump & treat and dual
phase extraction have proven ineffective. An initially planned dig&dump approach was alsc con-
sidered to be cost prohibitive.

An alternative ISCQ in situ remedial strategy using the i-SAV® technology was developed and
a field pilot test was carried out at two service station sites which involved:

e The use of activated dual-oxidant slurries to aggressively mitigate contaminant impacts;

» Formulation of high viscosity slurry enabling high oxidant concentrations to be injected (up-
wards to 40% by wt.);

1 hitps://clu - in.org/techfocus/default.focus/sec/Environmental_Fracturing/cat/Overview/

RiskCom GmbH

O O 0 0

cCcocoOCcCOoCCoOoCQCOO0OO0OOCOOOQUOCOODOOCOOOCO0O000O0O0



D DD

OO0 20 DD 0D

0

cccocococcoooo0o0oO0O0000o0

C C C

Page 4

» Targeted emplacement of large oxidant volumes at 0.3 m depth increments into contami-
nated unsaturated and saturated zone silty clay soils to 10 m depth;

» \Verification of subsurface oxidant distribution using tiltmeter geophysics and soil coring;

+ [ong term ISCO performance monitoring and assessment.

Persulfate-ferric iron and persulfate-calcium peroxide dual component oxidants were success-
fully emplaced in significant quantities within each of the pilot test boreholes {3.000 kg and 3.500
kg per borehole respectlvely) using the i-SAV® technology. For five injection boreholes em-

clay

placing 14 tons of reagents two weeks of field work were re-

quired.

E Elevated concentrations of indicator parameters in groundwa-
d ter monitoring wells (sulfate, redox, dissclved oxygen, cal-

cium, iron) indicated that oxidant distribution of at least 6 me-
tres in radius was achieved at each of the injection boreholes.

The resutts of soil coring and geophysical mapping of subsur-

8l face oxidant distribution indicated that oxidants were em-

placed as distinct, sub-horizontal layers, with evidence of
more steeply inclined secondary layers (see 3D distribution

} schematic and summary table below).

Initial increases in groundwater TPH and BTEX concentra-

¢ tions due to displacement effects immediately after oxidant in-

jection were followed by order of magnitude declines two
months after emplacement. The primary oxidant (persulfate)

N appears to have been exhausted 4 months after empiace-
B ment, whereas the secondary treatment components (ferric

iron and calcium peroxide) show evidence of continued con-
taminant degradation (see graphic of results below).

Figure 1: Soil core with sub-horizontal persulfate-ferric
iron oxidant layers (reddish brown) emplaced into silty

RiskCom GmbH



Page 5

Figure 2: Oblique view of six distinct oxidant layers emplaced in subsoils during individ-
ual injection events, based on analysis of tiltmeter data at injection borehole IP1
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4. Direction of inclination perpendicular to fracture axis

Figure 3: Summary of geophysical tiltmeter results for 6 of 13 oxidant injection events
between 4 and 8 m depth below ground surface at injection borehole IP1.
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Change in Soil Sulfate Concentrations [%]
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Figure 4: Results from 37 soil samples from two soil liner verification boreholes indicat-
ing a homogenous distribution of the persulphate reagent by an increase of sulphate
concentrations by several 100%

Implications of Remediation Approach:

Further work is planned to optimize ISCO injections based on results to date, but so far it has
been shown that:

Massive oxidant delivery and homogenous oxidant distribution (i.e. establishing contact”)
leading to long term treatment at highly contaminated sites can be achieved using very few
injection boreholes — no wells are required;

High resolution geophysical mapping and selective soil coring enable verification of subsur-
face oxidant distribution in contaminated subsoils for injection optimization;

ISCO can be employed in both saturated, and unsaturated low permeability soils;

Remediation can be safely achieved without the need for replacing site infrastructure.

A brief example from a Canadian site outlines an approach where the permeability enhance-
ment through sand emplacement was applied:

Increasing the bulk permeability of clay soils by emplacing a network of 120 permeable sub-
surface sand layers (>100 tonnes sand) within the contaminated zone;

Incorporation of non-ionic, biodegradable surfactant into sand pathway network for improv-
ing contaminant availability during subsequent oxidant treatments;

Completion of 30 injection wells in boreholes with hydraulically connected sand pathways at
0.5 m vertical depth increments;

5 rounds of chemical oxidant injection through permeable sand pathways into surrounding
clay soils using activated sodium and potassium persulfate, modified Fentons Reagent, cal-
cium peroxide, and oxygen diffusers; total dry mass of 60.000 kg oxidant was injected as
solution.

An iterative remediation approach was used whereby the results of continuous remedial
performance monitoring (* CRPM feedback loop”) was used to adjust and optimize the ISCO
remedial strategy during the lifecycle of the remediation project.

RiskCom GmbH
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Call for Abstract:

Improving Cost-Benefit and Sustainability Assessments by
Estimating Groundwater Resource Loss

Tim Bartlett, Principal Hydrogeologist, Advisian UK
Introduction

The sustainable management of land contamination is a key objective considered during the
regeneration of brownfield sites in Europe. The assessment of sustainability is commaonly
made via a process of cost-benefit analyses (CBA) and requires that the benefits of remedial
action, across a range of environmental factors, are explicitly quantified and valued.

The proposed presentation discusses an innovative approach to quantify the loss of
groundwater resource due to contaminant impact in scenarios where the economic
consequences are difficult to assess.

This innovative approach has been developed by Advisian to support the regeneration of UK
brownfield sites as part of a cost-benefit approach both in determining sustainable remedial
strategies; and to achieve site closure and resolution of land contamination liabilities where
remedial action is not warranted. This approach accords with procedures advocated by the
Sustainable Remediation Forum (SURF-UK) and provides an advance in the assessment
process applicable to a commonly encountered scenario.

Assessing the Benefits of Groundwater Remediation

Where brownfield land has impacted groundwater quality, the process of risk assessment is
used to assess unacceptable risks to human health and environmental receptors. A decision
then has to be made about the strategic value of the groundwater resource and how much
effort is appropriate to address the residual water quality impacts. Here, sustainability and
CBA Appraisal (the process of assessing the relative sustainability of different options) can be
used to identify an optimum remedial strategy.

When an existing human, ecosystem, good or service (e.g. a groundwater abstraction well or
a surface water body that supports a commercial fishery) has been impacted, the lost
resource can be assigned a value relatively easily. Commonly, such estimates are
determined based on the costs incurred to replace or protect the damaged asset, or
otherwise compensate those who have been affected. However, when groundwater
contamination is currently not having this type of impact to an easily identified receptor,
evaluation becomes more difficult with a large degree of uncertainty.
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The presentation will present an innovative Groundwater Loss method developed by Advisian
to reduce this uncertainty and estimate the groundwater resource loss due to land
contamination to inform a robust assessment of the benefits and sustainability of remedial
action.

Groundwater Loss

‘Option value’, representing the value placed on groundwater for possible future use,
provides a way to quantify the loss due to contamination.

Calculation of the overall loss requires consideration of both the spatial (physical) extent of
an aquifer where groundwater use is constrained by the presence of contamination, and the
economic element (local water value).

An approach has been developed for estimating the spatial element, represented as the
annualised abstraction loss of available groundwater resource. Two distinct components
have been identified based on the potential restriction on location of a new abstraction well:
(1) the direct resource loss, which relates to the contaminated zone of the aquifer within which
a new abstraction is no longer an option, and (2) the indirect location loss, which relates to the
loss of an oppoertunity to site a new abstraction well in the surrounding uncontaminated
aquifer due to the presence of the plume,

Effective recharge
into plume footprint

Clean groundwater ‘Clean’ water (below

entersplumeunder ,ZZZZZTMITIDDT applicable standard)
natural gradient . exits front of plume

Clean groundwater B

I GROUNDWATER FLOW DIREC'DO>

Direct Resource Loss = inflow of clean waterinto plume
(horizontal groundwater flow + vertical recharge)

The total loss of groundwater associated with the contamination in the aquifer is the sum of
the indirect location and direct resource loss components.
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The Groundwater Loss model
represents an important innovation
and advancement of best practice
within the process of cost-benefit
analysis and sustainable decision
making for the redevelopment of
brownfield sites. The presentation
describes the concepts underlying
this approach to estimating loss of
available groundwater resource,
presents some methods for their
calculation, and illustrates the
approach with a UK based case
study applied to a remediation cost
benefit analysis.

Biography

Tim Bartlett is a Principal
Hydrogeologist with Advisian
based in the UK.

Tim has over 30 years' professional
experience as a hydrogeologist and
specialises in the conceptualisation
of complex groundwater flow and

Capture zone of potential
abstraction well

Potential well pumping at
representative abstraction rate

Existing
contamination Area within which the potential
plume abstraction (pumping at the full

rate) cannot be located without
{ GROUNDWATER FLOW omscm>

affecting the quality of
abstracted water

Potential
abstraction well

Y (025%

Contamination plume Full rate boundary

(100% yield reduction Progressiveyield {no yield reduction
within this area) reduction n thisarea outside this fine)

Location Loss = Z All progressive yield reductions

transport systems, together with contaminated land risk assessment and modelling.

Tim has specific expertise in groundwater valuation as applied tc monetised Cost Benefit
Analysis and developed the innovative groundwater loss method presented in this paper to
resolve problematic sites where the cost of remediation works has proved to be
disproportionate to the potential benefit delivered.
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From cost-benefit to impact-benefit analysis in sustainability appraisals

Why this makes sense and an illustration with two cases

Hans Slenders 1, Arne Alphenaar 2, Kathy Verhelst 3, Allan Thormas 4

1: Arcadis, 2: TTE consultants, 3 Bekaert 4 ERM

Cost-benefit becomes Impact-benefit analysis

During the early 2000s in the Netherlands the ROSA project was executed to define cost-effectiveness for
miaking decisions for mobile contaminants in groundwater, and an elegant twist was given to change this into
an impact-benefit decision; balance the impacts and benefits of a remedial action. This methodology and tool
for weighing options (pair-wise comparison) was developed with a consortium of 30 municipalities and
provinces (Slenders et al.) and made part of Dutch legislation. The methodology was later on adapted and
made part of the Dutch Road Map for sustainability (SURF-NL). It is also art of some cases that are part of the
NICOLE portfolio on Sustainable Remediation.

In this presentation we would like to go back to why the decision was made in 2004 to shift from cost-benefit
to iImpact-benefit analyses (costs are not the only impacts, Impact on the environment etc. also need to be
taken into account and balanced), and we will explain the changes to make it fit in the current sustainability
appraisals. |t is a very easy to use tool and robust in its decision, unfortunately still not used by many.

We will illustrate the elegance of this methodology in two big complex cases that were relatively recently
executed in the Benelux, for Dutch Railroads and for Bekaert in Belgium.

Case 1: The TERRA project in Zwevegem

The extensive impacts with chlorinated solvents at the Bekaert site initially demand very expensive remedial
actions. [n 2014 Bekaert starts the TERRA project in order to find a more cost-effective and sustainable
solution. Technical solutions were detailed by Arcadis and ERM and sustainability indicators selected by a
stakeholder panel, and sorted as benefits and impacts. In a workshop the two remaining options were
compared on impacts and benefits and a significantly cheaper and more sustainable option selected. This case
was used as an example in the sustainable remediation working group in Amsterdam.

Case 2: The impact-benefit evaluation at a Railroads site in Amersfoort

Since 2007 $BNS (the Remediation Foundation of Dutch Railways) has been looking for a finite solution for her
site in Amersfoort. In 2015 things were speeded up hecause SBNS will cease to exist and responsibility for the
site will be transferred to the Ministry of the Environment and Infrastructure. Both parties feel responsibility
for sustainable land stewardship and invited Arcadis and TTE to develop scenarios and to structure the
appraisal process towards a sustainable finite solution. An impact-benefit analyses was used.

In a series of meetings with a group of stakeholders of NS Vastgoed, Prorail, Municipality, the Ministry and
competent authorities scenarios and sustainability indicators were discussed and selected. A process similar to
NICOLEs Road Map or SURF UKs Framework was used. The tool of pairwise comparison and reduction of
choices proved to be strikingly simple and robust. And in the end a comparison was made between the extra
impacts of one alternative against the other, and compared with the extra benefits. Although the basic scenario
{2 mIn€} is sufficiently protective, an additional scenario {4 min€) was unanimously selected that in situ
removes 80% of the contaminant load and is considered by all to have the best balance between impacts and
benefits.
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Finding ways to implement sustainability in remediation through
procurement. Experiences from stakeholder engagement in a complex
multisite ‘design-build’ tender for CHC contaminated urban
groundwater remediation in the Finnish Contaminated Land
Demonstration Program.

Jarno Laitinen, MSc., Project Manager, Centre for Economic Development-, Transport and the
Environment

The Finnish Contaminated Land Demonstration Program is one of the strategic priority projects of
the Finnish Government Program that facilitates the necessary reforms in ‘circular economy and
clean solutions’ towards more sustainable resource management. Purpose of the Demonstration
Program is to operate as an innovation plaiform for contaminated [and risk management and
remediation. To achieve this, the Demonstration Program facilitates various innovation and
development activities within private and public sectors and executes site investigations and
remediation projects at orphan sites, showcasing best-practice approaches.

A multisite ‘design-build’ tender for CHC contaminated groundwater remediation was announced
in January 2017 by the Demonstration Program. The tender consisted of five contaminated sites
with a widespread groundwater CHC contamination (plumes > 1km) that had, or was currently
threatening to, cause closure of the cities” municipal drinking water extraction as acute risk
management. Many of the sites had been investigated for over a decade and a many had prior
remediation history with varying success.

The procurement process had multiple intrinsic goals. Besides the environmental and health (risk)
aspects and the political emphasis on GW resource management, the tender process was designed
to 1) facilitate a stakeholder driven process for sustainable remediation design, 2) develop and
disperse know how on managing complex brownfield sites throughout the stakeholders, 3)
showcase opportunities and benefits of state-of-the-art in situ remediation methods and 4)
enhance the national remediation market dynamics for futures benefit.

During procurement a number of negotiation rounds and workshops between the main
stakeholders: client, municipalities, land owners, consultants, contractors, research institutes and
regulators were arranged to define the technical, environmental, economic and social
expectations of the remediation projects.

Parallel to the procurement, a collaborative regulatory group between the five municipalities and
corresponding regional authorities was formed to ensure timely and coherent environmental
remediation permit process. A thorough political decision process was conducted on the five
regional municipalities supported by a detailed communication program to engage the decision
makers and include the directly affected citizens to the process.
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NICOLE

Network for Industrially Co-ordinated Sustainable Land Management in Europe

> Session 2:

» Chair:

Poster pitches:

Presentations:

Innovation in investigation, remediation and source removal technologies

Jim Wragg — Geosyntec Consultants

Irene Jubany - CTM

Mohamad Sakizadeh - University Teheran, Iran

Jeremy Birnstingl - REGENESIS

Hans-Peter Koschitzky - VEGAS, Versuchseinrichtung zur Grundwasser- und
Altlastensanierung, Universitat Stuttgart

» Anne Northway - Environment Protection Agency Australia / Victoria
Australia’s Regulatory Journey: Cross jurisdictional collaboration towards nationally
consistent approaches to environmental regulation of PFAS.

s Niels Ploug - KRUGER A/S
First European Thermal Remediation of Crystalline Rock on a busy urban
development site

e James Baldock - ERM
Sustainable Low Temperature Thermal Remediation of Pesticides

e Dirk Paulus - Tauw Belgié N.V.
In-Situ Metal Precipitation of a mercury impacted aquifer
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Clients challenges

o On-going development

o High priorities: Bridge and
road

o Need of high probability of
success of remediation

@ Kriger Soil Remediation
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NICOLE

Network for Industnaliy Co-ordinated Sustainable Land Management in Europe

» Session 3: Innovation in investigation, remediation and source removal technologies

» Chair: Dietmar Miiller-Grabherr — EA Austria

Poster pitches:  Giovanni Buscone - Tauw [talia S.r.l.

Phil Studds - Ramboll Environ
Erwin van der Pol - Witteveen + Bos

Presentations:

[ 2

Hans-Peter Koschitzky - VEGAS, Versuchseinrichtung zur Grundwasser- und
Altlastensanierung, Universitit Stuttgart

Nanoremediation for Soil and Groundwater Clean-up

What can we learn from NanoRem: possibilities and Future Trends

Olivier Sibourg - Enoveo
Real-time and in situ monitoring of aquatic environments using indigenous
microbial community - based biosensors
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Nanoremediation for Soil and Groundwater Clean-up

What can we learn from NanoRem:
Possibilities and Future Trends

Hans-Peter Koschitzky, Alexandra Gens, Joachim Roos

Versuchseinrichtung zur Grundwasser- und Altlastensanierung
Institut fiir Wasser- und Umweltsystemmeodellierung, Universitat Stuttgart
vegas@iws.uni-stuttgart.de;  www.vegas.uni-stutigart.de

Joint ICCL — NICOLE conference

Groundwater Management on Contaminated Sites
5th to 6th October 2017, National Museum, Copenhagen, Denmark

./ NICOLE

Network for Industrially Co-ordinated Sustainable Land Management in Eurape
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University of Stuttgart

VEGAS

What is NanoRem?

NanoRem - Taking Nanotechnological

Remediation Processes from Lab Scale

to End User Applications for the

Restoration of a Clean Environment

...--oooo-.o
]

o‘ooqooo..

Nancremediation for Soil and Groundwater Clean-up
What can we learn from NanoRem : Possihilities and Future Trends

Joint ICCL — NICOLE conference, 5th to 6th October 2017, Copenhagen

..............

JignoRem

---------
WWW. NANDREM.EL



University of Stuttgart st *®®00.,
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MANCH i mm{:}wum . . ﬁuitmgl.‘u
e iem . NanoRem is a € 14 million tecnaligf mm  [SASSNG
oSs international collaborative project ! T
a"'""" .,--mi with 29 Partners from 13 countries, B
== and an international Project
Helnholizzentrum minchen  Advisory Group (PAG) providing ,
linkages to the USA and Asia. (5ot
o1y Tx
At
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> Deltares
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FUTURE TECHNOLOGY e orvitoamental toctinology

...............

Nanoremediation for Soil and Groundwater Clean-up ManoRe r!._i)
What can we learn from NanoRem : Possibilities and Future Trends < TrELTIST 4

Joint ICCL - NICOLE conference, 5th to 6th October 2017, Copenhagen WA NANOREM.EL

University of Stuttgart
VEGAS

What is nanoremediation?

« The use of nanoparticles (NPs) for treatment (remediation) of
contaminated soil and groundwater

+ Depending on the use of different particles types nanoremediation
processes generally involve reduction, oxidation, sorption or a
combination

« NPs usually defined as particles with one or more dimensions <100nm
- Can include larger composite particles with embedded nanoparticles

nvi particles, ® UPOL

Nanoremediation for Soil and Groundwater Clean-up
What can we learn from NanoRem : Possibilities and Future Trends WSSSRA

Htesumat”
Joint ICCL — NICOLE conference, 5th to 6th October 2017, Copenhagen

WWW.NANOREM.EU
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University of Stutigart
VEGAS

» different NPs

+ innovative technology

Advantages of NPs for in situ remediation

+ Small size * NPs (in a carrier fluid) injected
=» higher surface area into saturated zone via wells

=>» very reactive
ry « Focus on source treatment

» Applicable below
buildings ‘

* ‘“independent” of

application depth

+ for various
contaminanis

Joint ICCL = NICOLE conference, Sth to 6th October 2017, Copenhagen

Nanoremediation for Soil and Groundwater Clean-up N'Ei'l"l' 0 """" I'l'p
What can we learn from NanoRem : Possibilities and Future Trends (bt
WWW.NANOREM.EL)
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University of Stuttgart
VEGAS

NanoRem Structure

2ttt . Taking Nanotechnological Remediation Processes from Lab Scale to
ManoRemy ¢

Jeo°- End User Applications for the Restoration of a Clean Environment
LTI coo00* .

WP1: Scientific Project Management and Coordination

WP11: Admunistrative ang Financial Project Management [N SME .

Design & WP2: Design, tmprovement and WP3: Design, Improvement and | ‘
Peoduction Optimlzed Production of Nanoparticles Optimlzed Production of Nanoparticles i Production
Group - Zero-Valent lron Nanoparticles - nZv| - Non-ZVl and Compasite Nanoparticles i

WPL: WPS: WPE: WP7: ! :
Pertarmance Mobility Environmental Analytical Methods i Madelling Tool for ! i
y and Fate of Impact of Reactive for In-Site Nanogparticle Mabi- [ -
Nanoparticles Nanoparticles Determination of lity and Interaction I
Nanoparticles Fate | with Contaminants J§

]
WP8: Up-Scaling, Risk and Sustalnability
WP10: Filot Site Applications and Field Demonstrations

< Appl'@'b@

WP9: Disseminatlon, {lizlogue with Stakeholders and Exploitation-

{ Clean Environment |

: " Employment |
Market / Expectations of Industry / Regulatory Thresholds 1 TaxReveride:

Joint ICCL— NICOLE conference, 5th to 6th October 2017, Copenhagen

Nanoremediation for Seil and Groundwater Clean-up NBOEITD
What can we learn from NanoRem : Possibilities and Future Trends Q,{‘.’:: AN T
MW NANOREMEL
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™ NanoRem's three level approach

ettt Taking Nanotechnelogical Remediation Processes from Lab Scale to
KNanoR ¢ ¢
L] ]

e

AT e End User Applications for the Restoration of a Clean Environment

-
-t

mUp-SuSuRu&mdSu:hkub‘lhv Agpl kao°
W1 Piiot Sita Rppkcations and Flaad Demersslrations ; it
" WPS: Driseranation, Dakogue with Stakehokders and Exploitation 0_5_":2"2
{ Gian Envsnmant |
H mant . |
Flarket 7 Erpoctations of Industry # Regulatory Threshalds i _;l'ﬂn_o_u!c!_u_____i
I Development and production: WP2 and WP3
Il Properties and behavior in the environment: WP4 to WP7
(I Application, permission (approval) and promotion
. Large scale experiments and pilot sites: WP8 and WP10
. Dissemination, communication and exploitation: WP9
Nanocremediation for Soil and Groundwater Clean-up AhoRerr y)
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NanoRem Main Results (1)

(1) Identify the most appropriate nanoremediation technological
approaches to achieve a step change in remediation practice

+ Model systems have been used to investigate mobility, reactivity, functional
lifetime and reaction products

» For NP optimisation, the influence of size, surface chemistry, structure and
formulations was investigated

v Results led to enhanced NPs and novel NP types

v' Step change:
Extension of
practically
treatable
contaminants

5
!
t
i

. Manchaster, UX e

Particles by CTM, €5 £ Techn, Univ, Liberoc, €2 @ M. Kleiven NMBL, NO
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NanoRem Main Results (2)

(2) Develop lower cost production techniques and production at commercial
scales for nanoparticles

v" Laboratory scale production processes were up-scaled to the industrial level,
resulting in a commercially available and economically compstitive
technology

v" nZVI particles have been improved: Surface coating allows for a more
convenient handling regarding transport and storage (air-stable)

More information:
Bulletin no 4: “A
Guideto Nano
particles for the
Remediation of
Contaminated Sites” [

© Univ. Duishu

Nanoremediation for Scil and Groundwater Clean-up Nal‘lORerﬁ
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NanoRem Main Results (3a)

(3) Determine the mobility and migration potential of nanoparticies in the
subsurface, and relate these both to their potential usefulness and also their
potential to cause harm

* Experiments for mobility and migration potential
ranged from laboratory scale (columns), over
large-scale contained laboratory systems
to field tests

v" More information:
* Generalized Guideline for Application
»  Stability, Mobility, Delivery and Fate of optimized
NPs under Field Relevant Conditions and
+« NanoRem site bulletins

Reactivity studies {©@VEGAS/Univ. Stuttgart, DE}

Nanoremediation for Soil and Groundwater Clean-up (NanoRerp)
What can we learn from NanoRem : Possibilities and Future Trends LIRS 1
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NanoRem Main Results (3b)

Investigations included unintended secondary effects of NPs application on
environment and ecosystems

In the lab, no significant toxic
effects were observed on soil

and water organisms (tests inciuded
effects on earthworms, radish roots,
green algae and bacteria)

In three out of four field sites
investigated, no toxic effects were
ohserved up to nine months after
NP injection. The remaining one
was transient.

Radish seeds {© Clalre Coutris, NIBIO, NO)

.............
.
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Commercially Available
NanoRem Particles

Process of Target contaminants

contaminant removal

Type of particle |Manufacturer

Carbo-lron®
{industry)

Nano-
Goethite

NANOFER
STAR

L

nZvl
i

|Air stable powderf:

NANO IRON s.r.0., :
“Czech Republic

Reduction

" Halogenated hydrocarbons

“and heavy metals

Joint 1ICCL — NICOLE conference, 5th to 6th October 2017, Copenhagen
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NanoRem Particles under Development

Particle name |Type of particle Process of Target contaminants
contaminant removal :

TR G Nanoporous [UFZleipzig,  Adsorbent+ | Small molecules (dep. on pore size
zeolites ‘alumosilicate i Germany 3§0xidation (catalyst) 1 of zeolite) - e.g. BTEX, MTBE, .
lloaded with Fe(ll)i ___ o Idichloroethane, chloroform, ...
Bionano- Produced from _'Univér'sify of Rédﬁcing ageht and Heavy metals, e.g. Cr(VI)
magnetite Manchester, UK adsorption of heavy :
. , . . metals .
Y B siomagnetite sityof ~ Reduction (catalyst) | E.g. Halogenated substances
bionano- idoped with ‘iManchester, UK ] ‘{contarinant spectrum broader
WU pallacium I . ithanfornzv)
Abrasive ‘Milled iron " Centre Técnolbgic de Reduction ‘Halogenated 'al'i'ph'étics and Cr{VI)
eV)  'VEGAS, University of .Oxidation ~ :BTEX?, nitroaromatic
Ferrate f ... .iStuttgart, Germany | __.licompounds? (under investigation)

Mg/Al ‘Zero valent "VEGAS, University- of Reduction (reagent) H'élogenated- hydrocérbbns
particles metals Stuttgart, Germany ‘

ERER S Ul Composite of Fe | UVR-FIA GmbH / r:grkéi':i“uétﬁiiiflﬂ;(rTemagi‘r‘a.?if)_;__-i}rHé\- logenated hydrocarbons
‘and Al _VEGAS, Germany -

P — b im s oo e imi e me i e men e B e o L e orm e e et et e
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NanoRem Main Results (4)

(4) Develop a comprehensive set
of tools for design, application
and monitoring practical nano
remediation performance and
determine the fate of nanoparticles

in the subsu rface Manitoring equipment on pilot site (& VEGAS/Univ. Stuttgart, DE)

v" Bulletin No 2: “Appropriate Use of Nanoremediation”
v" Bulletin No 3: “Generalized Guideline for Application”

v" Bulletin No 5: “Development and Application of Methods for Monitoring
Nanoparticles in Remediation”.

v" Bulletin No 6: “Forecasting NP

; . l lm!‘ } Transport for Soil Remediation”
/ ] : . ) .
“ \ {Amir Raoof et al,, 2010} > (@ Polto, T} v Risk Screening Model

Numerical modeling of nancparticle transport: From the pore scale to the field scale

Nancremediation for Soil and Groundwater Clean-up N3h OR e‘)
What can we learn from NanoRem : Possibilities and Future Trends (.'.:'_’:’; '.';,‘.'.-’-m' 14
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veos NanoRem Main Results (5)

(5) Engage in dialogue with key stakeholder and interest groups to ensure
that research, development and demonstration meets their needs, is most
sustainable and appropriate whilst balancing benefits against risks

Address real market and regulatory interests

Communicating findings regarding renegade particles and relative
sustainability over the life cycle of a typical remediation project

“Exploitation Strategy, Risk-Benefit Analysis and Standardisation Status”
available on www.nanorem.eu

“NanoRem Case Study Sustainability Assessment Background and
Workbook” to provide background, context and procedures for a sustainable
remediation

.............
on

Nanoremediation for Soil and Groundwater Clean-up MinoRe
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NanoRem Main Results (6)

(6) Carry out a series of full scale applications in several European
countries to provide cost estimations and performance, fate and transport
findings

v

v
v

NPs were applied in both large-scale containers and on pilot sites to provide
on-site validation of the lab-scale results

Site results can be found in the site bulletins on www.nanorem.eu

All field trials were carried out within a risk management regime that gained
the required regulator approvals

Qualitative sustainability assessment for one NanoRem pilot site and

an external one

NANOFER STAR, FerMEG12 and Carbo-lron® led to a (partial}
degradation of CHC sources. Nano-Goethite particles were shown io
“polish” a remaining BTEX contamination (groundwater plume) after a
primary source removal.

..............

Nanoremediation for Soil and Groundwater Clean-up M3noRe
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NanoRem Pilot Sites

Country| Site Primary | Target Reaction Principle| Aquifer
Investigator Cont.

| Solvay [ CHC | FerMEGI2 | Reduction | porous/
et i (millednzv)) §  ‘unconfined
cz Aquatest ~ CHC  NANOFER25S/' Reduction  porous/
_ NANOFER STAR - " unconfined
. Aquatest | BTEX | Nano-Goethite| Oxidation/ | porous/
; ' | (Iron-Oxide) ; microbial i unconfined |
 Negev, BGU - TCE, cis- . Carbo-Iron® Adsorption/ ° fractured
’ - DCE, . Reduction
toluene .
| Golder | PCETCE, | Carbo-lron® | Adsorption/ | porous/
oo lobcE & | Reduction | unconfined :
~ Tecnalia  As, Pb,Zn, NANOFERSTAR . Reduction porous /
Cu, Ba, Cd - ' unconfined
What can we learn hrom Nanaeers + Posalbiitos and Coturn Trends JignoRem
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Large Scale Flume
(© VEGAS / University of Stuttgart, DE)

Injection of FerMEG12 (nZVI)
into the Solvay site

{© VEGAS / University of
Stuttgart, DE)

Nanoremediation for Soil and Groundwater Clean-up NanoRer[i)
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List of NanoRem bulletins

1 :Nanotechnology for Contaminated Land Remediation - Possibilities
| | . and Future Trends Resulting from the NanoRem PrOJect

2 Approprlate Use of Nanoremedlatlon

3 ; Generalised Gwdelme for Appllcatlon of Nanoremedlatlon

4  AGuideto Nanopartlc!es for the Remedlatlon of Contamlnated Sltes

| Deve[opment and Appllcatlon of Methods for Mbnltorlng
Nanopartlcles in Remediation

6 Forecastmg Nanopartlcle Transport for So:l Remedlatlon

7 12 Slte Bu[letms

Nanoremediation for Soil and Groundwater Clean-up
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NanoRem: Nanoremediation for Soil and Groundwater Clean-up
- Possibilities and Future Trends

Hans-Peter Koschitzky, Alexandra Gens, Joachim Roos

VEGAS, University of Stuttgart, Germany
Pfaffenwaldring 61, 70569 Stuttgart
koschitzky@iws.uni-stuttgart.de
Phone: +49 (0} 711 685 64717

Keywords: nanoremediation, soil and groundwater remediation, nano iron, nZVI, nanoparticles,
composite particles, NanoRem toolbox

Introduction

What does Nanoremediation mean?
Project Structure

NanoRem Project Goals and main Results

Comprehensive Results - NanoRem Bulletins

S O A W N -

Project Results online — the NanoRem Toolbox

1 Introduction

NanoRem was a research project, funded through the European Union's Seventh Framework Program
for research, technological development and demonstration under grant agreement no. 309517.
NanoRem focused on facilitating a practical, safe, economic and exploitable nanotechnology for in situ
remediation of soil and groundwater. This was undertaken in paralle! with developing a comprehensive
understanding of the environmental risk-benefit for the use of nanoparticles (NPs), their market
demand, overall sustainability, and stakeholder perceptions. The project was designed to unlock the
potential of nanoremediation processes from laboratory scale to end user applications and to support
both the appropriate use of nanotechneology in restoring land and water resources as well as the
development of the knowledge based economy at a world leading level for the benefit of a wide range
of users in the EU environmental sector.

The NanoRem consortium was multidisciplinary, cross-sectoral and transnational. It consisted of 29
partners from 13 countries (Fig. 10) organised in 11 work packages. The consortium included 19 of the
leading nanoremediation research groups in the EU, 9 industry and service providers (7 SMEs (small
and medium sized enterprises)) and one organisation with policy and regulatory interest. The
consortium was co-ordinated by the VEGAS team (Research Facility for Subsurface Remediation)
from the University of Stutigart in Germany.

The overall aim of the NanoRem project was to demonstrate that the application of NPs is a practical
and reliable method for the treatment of contaminated soil and groundwater. NanoRem provided a
direct link between SMEs on the production side and SMEs on the application side of groundwater
remediation using NPs.

2 What does Nanoremediation mean?

Nanoremediation means the use of nanoparticles (NPs) for treatment (remediation) of contaminated
soil and groundwater. Depending on the use of different particles types nanoremediation processes
generally involve reduction, oxidation, sorption or a combination of these. NPs are usually defined as
particles with one or more dimensions <100nm, but they can include larger composite particles with
embedded nanoparticles. The main focus is on source treatment in the saturated zone, but plume
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NanoRem

treatment is also an option (Fig. 1). 1t is applicable below buildings, “independent” of application depth.
Different NPs can be used for various contaminants. But it is still an innovative technology.
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3 Project Structure

The project structure is depicted in Figure 2.

Figure 1: Possibilities for
Nanoremediation

The Design and Production Group was comprised of two work packages (WP2 & WP3) to facilitate the
focus on different NPs and their corresponding production and application strengths.

The Performance Group was established to bridge the gap from production to application (WP4-WP7),

to work closely together to ascertain potentials and limitations of NPs, and to extend the limits of

economic and ecclogical NP application.

The Application and Dissemination Group was responsible for successfully transferring the technology
to the end-user. This comprised the proof of concept in large scale indoor experiments (WP8), the
demonstration at a number of pilof sites (i.e. field tests, WP10), risk assessment and sustainability and

lifecycle assessment considerations (WP8 & WP9).

N a n 0 R e Taking Nanotechnological Remediation Processes from Lab Scale to
(; = End User Applications for the Restoration of a Clean Environment

"-ooo°'°

WP‘I Scienbific Project Manepw ent and Coordination

iSO WP lfita'slgn,_,lmp:;p'y_er't_:\'ent and o
Praductizn Optimized.Production of Nanoparticles

Group - Zero-Vialent Iron Nanoparticles - nZVI -
1

- WP Deslgn, Irnprovement and -
Optlmized Production of Nanoparticles
= Non-ZVi and Composite Nanoparticles -

Envirerimental [ Analytical Methods [I* Modelling Tool for

“Mobility - ] T
and Fateof . Impact of Rea:tive for In=5ity . . Nanoparticle Mobl-
Nanoparticles Determination of lity and Interaction

. Nanoparttcles

Nanopartacles Fate J with Contamlinants

WPB: Up-Scaling, Risk and Sustainability
WP10; Pilot Site Applications and Field Demonstrations

WPo: Dlss'emlhatioh, Dialogue with Stakeholders and Exp'lnltatlnn.

Market / Expectations of Industry / Regulatory Thresholds

Figure 2: NanoRem's project structure
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4 NanoRem Project Goals and Main‘Results

Six project goals were identified at the project outset. These are listed below along with a brief text
describing how these goals were met.

Goal (1) Identify the most appropriate nanoremediation technological approaches to achieve
a step change in remediation pracfice.

Model systems (NPs + conditions mimicking real environmental conditions), both existing and novel,
have been used to investigate mobility, reactivity (destruction, transformation or sorption of
contaminants), functional lifetime and reaction products. For NF optimization the influence of size,
surface chemistry, structure and formulations on the performance were investigated leading to
enhanced NPs as well as novel NP types. The step-change focus was to extend the range of
practically treatable contaminants.

v" Available NPs are listed in Table 1 and Table 2, some examples are shown in Figure 3. More
information can be found within the Bulletin No 4 “A Guide to Nanoparticles for the Remediation
of Contaminated Sites” and at www.nanorem.eu.

Particles by Univ, Manchester, UK -.aﬁ.—‘ ! iy i

S Y s o :
Particles by CTM, ES © Techn. Univ. Liberec, @ M. Kleiven NMBU, NO © Univ. Duisburg-Essen, DE

Figure 3: Different NPs from left to right: upper row: Carbo-Iron®, NANOFER (nZVI), milled nZV|
particles; middle row: Trap-Ox Fe-zeolites, milled nZVI particles; lower row: milled nZV| particles,
palladized bionanomagnetite, Nano-Goethite
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Table 1: Commercially available NanoRem Particles

Particle name Type of particle Manufacturer Process of Target contaminants
contaminant
removal

Carbo-Iron®
{industry)

kL b
UVR-FIA GmbH,
Germany

Reduction

ground nZVvl
particles

L IHalogenated: hydracarbohs "‘
Jandheavy metals |
Galiml L N_.._;Ei___'._ . :.“_ . :,.v,,, P ﬁ-, .,, . - ,ﬁ:

Alrétable powder, - NANO IRON s.r.o., Reduct-igﬁ Ha-l-tﬁ)-genated hydfocarlﬁél{é"

nZvl * Czech Republic and heavy metals

N O Pristine iron oxides:| Ur tyof, .- i iB'OdEEEdable(pmferéHVm_
:non-halogenated) organics, |
such as BTEX;_ﬁ:éa'w metals |

Table 2: NanoRem Particles under Develobment

Particle name |Type of particle | Manufacturer Process of Target contaminants
i i

Trap-Ox Fe- - i Adsorbent - mall molecules {dep. on pore size
zeolites

; }g_pxidation (catalyst) - - of zeolite) - e.g. BTEX, MTBE,

: s s oo ldichloroethane, chicroform, . |
Bicnano- Produced from Un'iver-sity'of "~ Reducing agentand  Heavy metals, e.g. Cr{VI)
magnetite Manchester, UK -adsorption of heavy
metals
T I siomagnetite | Universityof © !?‘Eéaubiiéﬁ'(g:'éiél\};{)'""’;{Eﬁg[ﬁé|‘c'>ééé{ét'ebi"sﬂbjs't5n'c'éé""' o

hionano- doped with. .. | fig . 1
magnetite ‘ I

:(contaminant spectrum broader
fornzvl) - ©- ¢

Abrasive Milled iron Centre Tecnologic de . Reduction Halogenated aliphatics and Cr{VI)
_ Manresa, Spain ; _

Ferrate teart; Germar " compunds? (under investigation) |
Mg/Al Zero valent VEGAS, University of Reduction (reagent) Halogenated hydrocarbans
particles metals Stuttgart, Germany

Nano-FerAl nposite of Fe ™l UVR-FIA Gmb T-IReduction (reagent) | Halogenated hydrocarbons - ..

Goal (2) Develop lower cost production techniques and production at commercial scales of
nanoparticles.

Laboratory scale production processes were upscaled to the industrial level. The step-change focus
was to produce substantially cheaper and more sustainable NPs.

v The production was upscaled successfully resulting in a commercially available and economically
competitive technology.
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v" Nano-scale zerovalent iron particles (nZV1) have been improved via a new surface coating so
that they are available as an air-stable dry powder in spite of a large specific surface. This
allows for a more convenient handling (transportation to the site, storable). More information
can be found within the Bulletin No. 4 "A Guide to Nanoparticles for the Remediation of
Contaminated Sites” and af: www.nanorem.eu.

Goal (3) Determine the mobility and migration potential of nanoparticles in the subsurface,
and relate these to their potential usefulness and also their potential to cause harm.

Experiments for mobility and migration potential ranged from laboratory scale (columns), over large-
scale contained laboratory systems to field tests. Furthermore, investigations included unintended
secondary effects of NPs application on environment and ecosystems (Fig. 4).

Figure 4: Nanoparticles developed during the project were tested
for their potential effects on plant root elongation. The picture
shows an overview of the test after a 6-day exposure of radish
seeds Raphanus sativus to (from front to back) Fe-Zeolite,
activated carbon, aged Carbo-Iron®, and Carbo-lron® at 0.01,
0.1, 1 and 10 g/L. © Claire Coutris, NIBIO, Norway

v All NPs were intensively tested and optimized with respect to mobility and reactivity in column
experiments; the three nZVI particles, Carbo-lron® and Nano-Goethite additionally in large scale
experiments and at different field sites. In lab-scale studies, the migration potential of some types
of NPs was optimized by using special additives. Other NPs types were shown to form stable
suspensions as delivered by their producers.

v Further information on “Stability, Mobility, Delivery and Fate of optimized NPs under Field
Refevant Conditions” can be found in the respective project deliverable.

v Large Scale Experiments (LSE, Fig. 5) transferred the results from the lab scale (homogeneous
condition) to technical scale (homogeneous or controlled heterogeneous condition). For more
information, please see goal (6).

Figure 5: Large scale flume (LSF) experiment, University of Stuttgart, ® VEGAS, Germany
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¥ With regard to ecotoxicological aspects it was found that no significant toxic effects were

observed on soil and water organisms when ecotoxicological tests were undertaken for a range of
nanoparticles available for remediation (including with respect to the particles’ interaction with
contaminants and the resulting products).

A suite of standard and non-standard ecotoxicity tests, covering both terrestrial and aquatic
organisms, did not lead to any hazard classification according to EU regulation for any of the
tested particles. All particles, except the FerMEG12, can be considered non-toxic to organisms
living in aquatic and terrestrial ecosystems. Effects on selected soil and water organisms were
monitored for up to one year after NP injection at the pilot sites. In three out of four sites, no toxic
effects were observed. A temporary increase in toxicity was observed right after NP injection at
only one pilot site. More information can be found at www.nanorem.eu.

Goal (4) Develop a comprehensive set of tocls for design, application and monitoring

practical nanoremediation performance and determine the fate of nanoparticles in
the subsurface.

The bulletins and tools described below can be downloaded from www.nanorem.eu.

v

v

v

Appropriate Use of Nanoremediation (Bulietin No 2). The aim of this “position paper” is to provide
a concise and easily read overview of NanoRem'’s views on the appropriate use and application
of nanoremediation technologies, and provide some clarity about how they are regulated in
comparison with other forms of in situ reduction and oxidation remediation technologies.

The Generalised Guideline for Application {(Bulletin No 3 and Tool) gives a comprehensive
overview on the implementation of nanoremediation. The aim of this guideline is to assist
practitioners and consultants in screening nanoremediation as a possible remediation option for a
given site and facilitate the communication between regulators and consuitants.

Numerical tools for Forecasting NP Transport for Soil Remediation (Bulletin No 6) include a 1D
modeiling fool (MNMS)1 for the assisted quantitative analysis of laboratory-scale column tests and
the preliminary design of pilot NP injections in simplified geometry (radial 1D simulations), and a
full 3D transport module (MNM3D)? for the simulation of particle injections (in one or more injection
points) in heterogeneous domains and prediction of NP fate and transport at the field scale. The
Bulletin gives details on how the tools can support the various stages of the design,
implementation and evaluation of a nanoremediation.

Analytical methods and field measurement devices (Bulletin No 5 “Monitoring Methods”) are
needed to follow the fate of nanoparticles during and after a injection, and to evaluate the
efficiency of remediation. A variety of methods have been developed and tested at NanoRem field
injections, ranging from on site sampling and measurement to in situ tracking using magnetic
susceptibility (Fig. 6).

The Risk Screening Mode! {Tool) is used to establish whether NanoRem particles can be injected
without causing pollution of groundwater or surface water.

! Micro- and Nano-particles transport, filtration and clogging Model Suite,
www.polito.it/groundwater/software

2 Micro and Nanoparticle transport Model in 3D geometries

Bianco, C., Tosco, T., Sethi, R. {2016) A 3-dimensional micro- and nanoparticle transport and filtration
model (MNM3D) applied to the migration of carbon-based nanomaterials in porous media. Journal of
Contaminant Hydrology, 193, pp. 10-20. DOI: 10.1016/j.jconhyd.2016.08.006

o 0O 0

OO0 0000 C0O00000000 00000

o O O



9

00

OO OIOIO IO NGRS

CCOCoO

ccccc

C C C C

AquaConSoil 2017, Lyon 26-30 June NanoRem
Session 3.2: Advances and future perspectives of nanoremediation Page 7 of 10

Figure 6: Preparation of the monitoring equipment at the Spolchemie Site 1 © VEGAS, University
of Stuttgart, Germany

Goal (5) Engage in dialogue with key stakeholders and interest groups to ensure that
research, development and demonstration meets their needs, is most sustainable
and appropriate whilst balancing benefits against risks.

The main focus was on ensuring that the research addresses real market and regulatory interests.
Communicating findings regarding renegade particles and the relative sustainability of
nanoremediation over the life cycle of a typical remediation project was vital. Information and
knowledge was being shared widely across the Single Market so that advances in nanoremediation
can be properly exploited.

v NanoRem's Exploitation Strategy, Risk-Benefit Analysis and Standardisation Status summarises
NanoRem'’s findings regarding dissemination and exploitation.

v NanoRem applied an internationally recommended approach to the Life Cycle Assessment (LCA)
on the production process of three nanoparticles. Life Cycle Inventories (LC!) and impact
assessments were applied to the production process of three zero valent iron nanoparticles being
used at the pilot sites. Results from the impact assessment show the steps in the process that
have major environmental impacts, for example energy consumption during the production.
However, the boundary of the study has not gone beyond the production premises.

v The NanoRem Case Study Sustainability Assessment Background and Workbook has two broad
purposes: to provide a background and NanoRem context for sustainable remediation and to
provide a procedure to carry out a qualitative sustainability assessment of the nanoremediation
technologies to be used at the field test sites.

Goal (6) Carry ocut a series of full scale applications in several European countries to provide
cost estimations and performance, fate and transport findings.

NPs were applied both into [arge-scale contained laboratory systems and during field trials on the pilot
sites, to provide on-site validation of the results on a representative scale both in terms of the
effectiveness of nanoremediation as well as the environmental fate of the NPs and their associated by-
products.

v In field pifot tests (see Table 3) the LSE results were verified under 3D heterogeneous field
conditions. NANOFER STAR, FerMEG12 and Carbo-lron® led to a {partial} degradation of CHC
sources. Nano-Goethite particles were shown to "polish” a remaining BTEX contamination
(groundwater plume) after a primary source removal. In the field trials on the pilot sites, the
results of the LSE were validated in terms of effectiveness of nanoremediation and with respect to
the environmental fate of the NPs and their associated by-products. It could be shown that
nanoremediation works if the appropriaie particles are selected for the conditions present at the
site. Further information about the sites is given in the Site bulletins.
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v A description of the applications and results can be found in the Site Bulletins on
www.nanorem.eu. All field trials within the project were carried out within a risk management

regime for nanoparticle release that gained the required regulators approvals and included where
necessary a pre-deployment risk assessment protocol. Qualitative sustainability assessments
have been conducted in a retrospective sense for one of the Czech pilot sites and as part of a
remediation options appraisal for a separate UK based case study.

Figure 7: injection of FerMEG12 (
Germany

Table 3: NanoRem Pilot Sites

Target NP-Type Reaction Principle
Cont.

"CHC ¢ FerMEG12 Reduction ! porous/
L4 o 7 (millednzvl) (0 unconfined |
cz Aquatest CHC NANOFER 255/ Reduction porous /
. NANOFER STAR unconfined
€z Aquatest | BTEX | Nano-Goethite | Oxidation/ | porous/ :
R T ‘; (Iron-Oxide) i microbial . unconfined -
IS Negev, BGU  TCE, cis- Carbo-lron® AdSorption / fractured
DCE, Reduction
_ . toluene :
-Golder. . | PCE; TCE, | Carbo-lron® .| Adsorption/ | porous/.
S | . pupce | Reduction  unconfined
Nitrastur ES :As, Pb, Zn, NANOFER STAR Reduction porous /

Cu, Ba, Cd unconfined
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5 Comprehensive Results - NanoRém Bulletins

An overview and the main results are condensed in twelve NancRem-Bulletins which introduce the
reader to NanoRem's research and provide an easy-to-read and useful information source for problem
owners, consultants and decision makers. They can be downloaded free of charge from
www.hanorem.eu.

&) Nanotechnology for Contaminated Land Remediation - Possibilities and Future Trends
Resulting from the NanoRem Project

(2) Appropriate Use of Nanoremediation

(3) Generalised Guideline for Application of Nanoremediation

4) A Guide to Nanoparticles for the Remediation of Contaminated Sites

(5) Development and Application of Methods for Monitoring Nanoparticles in Remediation

{6) Forecasting Nanoparticle Transport for Soil Remediation

(7)-(12) NanoRem Pilct Site-Bulletins

6 Project Results online — the NanoRem Toolbox

The NanoRem toolbox (Fig. 9) is available on the NanoRem Web site www.nanorem.eu,

('NanoReni)

Nanotechnology for contaminated land Remediation
o~

tans

Toolbox Project Ams Project Description Projact Partners Howus Search intranet

oaapn?

b e
. NanoReem (Takeyy gieal R jon Processes krom Lab Scake 1o End User A for Ine Restormtion of a Ciean E 16 Toe HanoRer Tookboz wil
2 rescarch projecl. nded thiough the European Commesion FPT 1 10CUSES on tacktabng pracbtal, salk, econome and explotable g enilinbic i bl from
eanokechnology for i situ remedialion This & being undertaken In paralel wih developing a compr tndes g of Ine Fabrusry 2017 00218
risk-beneit for the e of nanop (HP3) market . overal iy, 4hd percep e
Themiuwbmmkmmﬂmmummmwx&hmwammwwwmm m“ N

land and walisf resoTes aNnd e oevelopment of me DatEd econoyy M AWKIGIBAANG o omuaeenes 10K

_mhmmﬁuamwumhmmwmm fainnlebivineibeiniuthh s S
_Picase note. the Lse of this weDske 5 subyec| to Tarmd and Conetions Possble anendments of

MMHREACHIW

regiatation ol

nanotmalensls wwts

Figure 8: NanoRem website www.nancrem.eu

The NanoRem Toolbox (Fig. 9) focuses on the needs of decision makers, consultants and site owners.
It provides the respective output of NancRem in three levels:

(1) The bulletins include the most relevant information in a condensed and concise way.

(2) More detailed information on nanoparticles and tools are located in the “Nanoparticles and
Tools” shelf.

(3) Other dissemination products and selected project deliverables can be found in the

“Supporting Information” shelf.
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“NanoRem T_o_o\box

Pilot Sites - Examiples of
Appllcatlon and Results | —- :
_ (Site Bulletms) ~_ I

S A et

Tools (Extracted from Deliverables)
L ~ |

T RArD T s

(Y] | ;

Figure 9: NanoRem Toolbox © VEGAS, University of Stuttgart, Germany
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Figure 10: Project partners
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Real-time and in situ monitoring of aquatic environments

using indigenous microbial community - based biosensors

o

Olivier SIBOURG and Jlean-Michel MONIER

ENOVEO, 7 place Antonin Poncet, Lyon, France
=NOVEO www.enoveo.com | Phone: +33 426.221.650

Innovations in Investigation, Remediation and Source Removal Technologies
Innovations in technology for investigation & remediation

Keywords: Innovative monitoring, in-situ remediation, Detection, Pollution, Toxicity, Online
measurement, Alarm.

Increasing contamination of aquatic environments by organic loads or toxic chemicals has resulted
in the need for real-time monitoring tcols to be used in pollution detection and risk assessment.
While monitoring aquatic environments is critical to ensure their quality and sustainability,
monitoring strategies often relies on the collection of individual spot samples followed by ex situ
analyses under laboratory conditions. Such approach, usuzlly costly and time-consuming, only
provides a snapshot that may often fail to detect localized transient contamination events and
describe the dynamic changes of the monitored environment. The objective of our work was to
develop a cost-effective event detection system to monitor aquatic environment in real-time,
inform targeted sampling by conventional means {ie spot sampling) and act as a decision support
tool.

This novel biosensor uses microorganisms naturally occurring in the targeted environment as
bioindicators and exploits their ability to convert chemical energy into an exploitable electrical
signal. The electrical signal generated by the sensor is proportional to the organic load or affected
by the presence of toxic compounds, as it directly reflects microbial activity at the surface of the
colonized electrodes. Biosensors have been deployed at different sites in order to estimate either
the organic load or BOD in real time (eg, groundwater, sewage networks...) or detect toxic
compounds and assess their impact on their environmental sink {eg, industrial processes and



wastewater treatment plants...). Through real case studies, the presentation will address the

principle, information provided and advantages {in situ, autonomy, robustness, representativeness,
sensitivity) of such devices and how they can provide unique information to act as a decision support
tool (eg, targeted sampling, process optimization, process dysfunction identification,
bioremediation treatment efficiency...). Work in progress regarding a metrological station that uses
a combination of different monitoring devices developed to manage aquatic environments in real
time will also be presented.
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Network for Industrially Co-ordinated Sustainable Land Management in Europe

» Session 4: GW management on Large Scale and Multisource sites: regulatory
framework and adaptive approaches

» Chair: Christian Andersen — Danish Regions

Presentations:

» Dietmar Miiller-Grabherr - Environment Agency Austria
Understanding WFD objectives in groundwater management

s Corinne Merly - BRGM
Towards a less stringent groundwater body objective?
Feedback from a French heavily industrial and urban study area

¢ Johanne Urup - Ramboll
Water supply in an urban area with many well-known pollution sites — one case
study in the Copenhagen area
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STEP 4: Non-technical feasibility

> Lack of methodological framework
> Points of attention to consider:
+ Possibility for the substances to migrate in sub-surface
« Groundwater vulnerability
- Management measures according to BAT
- Extension of groundwater plume
> Methodology to be developed according to available data
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STEP 3: Actions scenario

» Scenario : Combination of actions which enables to reach the good GW body status or to improve
the GW body quality

GW body quality
A

0 Scenario « non technically feasible »

Good status

Scenario « technically feasible at
disproportionate cost »

| ——

Good status threshold |------------------=----

Scenario « technically feasible at
acceptable cost»

Less stringent
objective

Current Status |\---------------------

- . - 3» Scenario costs

Disproportionate
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DEVELOPMENT IN CONCENTRATION IN THE AQUIFER

c cCcCccccocoecoeoccdo

2057

2005

1974

28

1.

. . = S
¥ f 17 ‘f\\“
ML e 2 e o

t
T2I000

Bz o

¥ - +
T20000 721000

719000

WU

S
721000

=

12/23/05 00.00:00, Tima slep 1 of 72

L
TH00

22000

L]
=

Ti9000

LG : ia y
122000 723000 T24000

T21000

.‘- ™
720000

719000

10725757 00:00:00, Time step 27 of 72

6
5
4
3

B-

Sum koncentration [mu-g/j

I ~bove 50
N
[

4-

25- 50

3-
2-

15- 25
10- 15
9- 10

8-

2

1

1-
0.1-

0-0.1

Below 0

Undefined Value

g
8
7

7-

b-

SITES ~ ONE CASE

WATER SUPPLY IN AN URBAN AREA WITH MANY WELL-KNOWN POLLUTION

RAMBGOLL

06/10/2017



cCcocCccCcCcooCoCCCOCoOUOLOLOOOOODOCOLOOOO0O00O0OOO0OC0

£L102/01/90

35YD 3NO - S3LIS 193NV

NOLLAT1Od NMONX-TI13M ANVIW HLIM VIIV NVEAN NV NI A1ddNS d31vVMm

$93IS painjjod
UMOUMUN J0J SUORD0| 33Ipald pue 93edipul 03 pasn usaq Sey [opoW 3yl

$911S pajnjjod 9yl wod} awn abeyes| pue ssew Jo 30adsal yim
JybBisul Juejiodwl UsAIB sey suoneIuaduod paAlasqo jsuiebe bupelqied

S]USA|OS Pa1BULIo|YD JO
uolnelnp ayj 21ewnss 03 |001 poob B 2q 03 UMOYS Sey |[9pow JO 3Sh Byl

1d3000D [opO

sojed uoljepelbap
uo bulpuadap ‘0602Z-080¢ 24042q (|/ b 1) elL1ID Adjenb 4apun
2 10U [[IM SYJIOMIDIEM DU3] 1k 193emM paxIiwl 3yl Ul UOI3eijuaduod 9yl .

9T0Z Ul wnuwixew
B yoead 0} palejnwis SI SJUBA|OS PaleuULIO|YD JO UOIIRIIUDDUO0D dUL

SJUSA|OS pa1BULIO[UD JO UOEeINg

900< NI SNOISNTONOOD NIVIN



£10Z/0T/90

35V¥0 INO - S31IS
NOLLNTIOd NMONX-T13M ANVIW HLIM YIHVY NYEHN NV NI A1ddNS Ha1vm

TI93aNWVY

- OAOISIN

0) 1-90513 @

Gt @
3] £

- mm..x.aa ®

@

(o) e:NoW,

T
ha) .a:....

DNYAYELSO

R
o @
-
L
; sz’ @7
i
L “ -\
e ol ‘ H I TAB0A
., DHBLRN, {
i £ i

naYtend ) e

i
i

Bisloadsig

b .E:
61K

618

TdH o
® Oo

80
[
_ .’ ag snjuieq
ann-Ly
BuaasyLiapas
NHYID &
W
TEOjUBA
mnx.. 10 O
ceerctoz @
Guseanuy i 44 Bo £44 ‘244
agers [ o
Guiseosoq [ ¥d4 bo £4d
panjosauun (] . €44
9T0Z-ZIOZ 03 TT0Z-£00Z 05 - O1 @ Z44 B0 p3d
penad ay) woly Juawdo|easp & $44
ot - ¢ (&) 734
£ -0 @ 544 6o 744
peapsepIoN @ Sdd
9T0Z-ZTOZ Spora T4
(1/6r) uaAjos PajRUMIO|YD JO LINS JO uRIpap SRRIZ JUIWYNR)

cccccccc tAYIRINARL3HA

1DIdAHL S

Lof_vl_,u Do 0D 00



uﬂuB uochmumEEmn m_c_unzo__ O

CO0CCOQOCOOC=C 00000

h.SN OﬂON n.—ON 'aom m."ON NaoN .:DN OﬁON moou QOON hOON wooN nSN VSN noow NSN ASN OSN 6661 BEGT L66T 966T $65T PEET mmm.n (<=0 .—mmq 0661

OO0 OO0 000000O0O0

[ o
]
o e e T .. .F‘.Yl\t\!\"‘.\.‘\l?
..... al— 119NV
-y VA :
o | ﬁ > \ (/ /
. \ ,
IAANM AN >\ \
z'0 4 I‘ —— L] 9 o
o 3
g 3
ol AN y_J \ |,
.m ot .M
x
o + A
(2) pue2AVIA —e—
{Z) VPO AT T T —— .
- () velhymoyune), —<— /
0 -
(2) VRYP ROYFP-T'T e . PEIDS19P 10U JIIBWEIE & SILIOC MOJ[B A
T) AYPLOYIAP T T-5D el
ﬁ ¢ £10z 9702 S10T $I0Z £W0Z TTOZ TTOZ OTOZ 600F BOOT L00Z 900Z SO0Z POOZ £00Z Z00Z 10DZ 0DOZ G66T GEET L66T 9EGT S6ET $EGT EGST T6GT T66T 06ET
(1) UMARRRIGELIL e LR VY VY - Yo = .J e
90

(T"¥LT°TOZ) T Ul SJUBA £0

V A

w\m\ Bl G|

ot
. o
g st g
g 2
:
3 = g1 8
o =
= )
] . 2
E g
£z -
oz
(2) PHOPRAUIA —8—-
€] ' . (2) veymronud 11T —a—
) (2) veiyiopoene), —s— cz
s'e 4 b (2) ueyP oy IP-Z'T —F—
(1) JAymIopAp-Z T- 510 —8—
(1) varyimo|yats), —a—
¥ of

(¥ TOLE TOT)TJA Ul SjUaAfOS pajeuLIoly)

TI1aM NOI110VH1SdV INOdd ST 1dINV XA



£102/0T/90

35D INO - S3LIS TTIDO9NWVY
NOLLNTIOd NMONM-TIZM ANVIW HLIM VIuY NYGEN NV NI A1ddNS ¥ILvM
S21nyonJ1s dsap Joj saousnbasuod .

Sjuswoaseq Joj saouanbasuo) .
suoljoe uoneidepe sbueyo ajewip aqissod J1o) suoneddwy .

WDISAs abemas au3 J0J soousnbasuo) .

CHALVMN ONIHMNTHA ONITLOVHLISAY dO1S 1SN LON AHM
SYJOM Jalem 3ay] e jusuwiest] Jo1em o) Abajedis ayy buibueyn .

ABajeils uonoedisge
J21empunodb s,Alddns aaiepn Baagsyiiapald ayy ul abueyo sjqissod ¢y .

sojoyaJoq/s|jom BuLiojluow MIN .

SWIISAS uoneIpawal Jojempunolb may -

S2JNsesw UolRIpaWa] Jo1emMpunolb BUlsIxa Jo Uolen|eAdy
SJUBA|OS pajeulojyd ul Juswdo|aAap au3 Jo Bullojiuow panupuoy) .

A1lddNS d4LVMN
NOILOV ddNnind
O 00000 IOV

Oy
oL
|_
L
e
Oz
(@)
—
o0
Ll
I_
oQ
Y
0
@)
Oz
“Q
Oy
o<
D
L
oY
o

O



L BN BK B BN BN BN BN BN B BN BN BN BN BN BN BN BN BN BN BN BN BN AR R BN BN BN BN BN B BN

mm@w\mm_\%m $3lIs TID0dNVY |

NOILATICd NMONM-TIIM ANVIN HLIM Y3V Nvaun NV NI AlddNS ¥31vm

SNOI11S3N0O - NOILN3dLLV
dNOA d04 NOA ANVHL




dnoin suosiegfaliom

ueisiapy |l

N,

WO UBISIAPE MMM

L102/0T/90
ueisiapy ‘1sibojoaboipAH Joluss Japuog owld|Ing

ueIsSIAPY ‘1ueynsuod jedidulld ‘'ojozuas eieiyd)

S8}IS
Pa1eUIWEIUOD) UO Juswabeue J93EMPUNOID

92UB14U0D FIODIN — 1201
eswy
yinos ul yJuswabeuel
$924N0SdYy

19} N\ poleabajug

VOO0 00020DDODIDI DI

J
A



OO0 C OO0 0O00CCOCOO00O000O000O0O00O00C0O0O0000O00000CO0OO0

/\/\
/-\/I\
NN

-
~ A

i\?

Abaijeais jeipaway 13 buljapo [ed1bojosbolpAH

II\

hY

Jdomaulel{ Aioyeinbay 1y 1x931U0)) |e1D0S \mw

uondunsaq a1 .&N
2
iy

S1UdlU0)D



o.

C

wy

|
m

(FuB:06=)
15249}l JO BalR [RNIU]

ISaI0jul Jo eate euy [Tk

CCoCCcCoeCCo oo

[PPOIN Jenidaduo)) 33IS

o 0o 00 O0

OO0 OO0 000D

D



cocoCcCocoocCcCcoOoOCOooCOO0O0OOOO000000000000O0

SIDOM W
/ slaumopue

4, 191eMpunoin %o’ soAjep / sadid [ cd-&-
osgns pue (10 & llosanspueyos T SIauEII0D / SUEL % %
a0 - a Ubnoyl < a Wwoy -

(H09) uiddu0) jo spunoduio) Q,

***JO JUSWILIEIUOD JO SSO

Jalempunoln) —

Fleale EREN >0

uolelbIp

sjuawd|] | ]opoIN |enidaduo) alis



_._mmu.,meﬁmv W om “wwm:w_u._f.. -
W Qo0 yiptm -
Jeak/w oze ~ w 000'L ‘yibue -

" (JUBWUIEIUOD JO SSO| By} Jo}e SIedk
. . ZZ Ihoqe) suoisuswip awnjd paAjossIp JuaLIny

it
HesyIIusp]

oy1ads auS Jo U

u1 0001
I

-008
7| sleuajew ajqeswsadw) 1apnbe ayj jo wopoy

g

e |4 T P Y P L ey, Y A

8s-uUpD TISS...

oog

/008

000+

TSV W _ ‘ | uondwnswon
~ ® uoediis) 10y 131eM v
 UOHBIEMUL - ooh sojemn Bumuug sBuipjing
Jodea Jjoopyna [eRuUopISe
pue Joopuyj : : =

PUnoduo:
._u__cmm_p_o‘m_m_:_o“mx‘_am__ﬁ_

! J SUIYBIIEA 3[qEY
‘siojdadal pue saynot’ Ja1em juenodw

e Aq pajoaye eary uopelbiw JusIByIq

S)SIY JO |[9pPON Jenydasuo)

CcCcoeCCcc oo OO0 O0OO0OLOOOODDODDDD TD



COoOo0COoOO0OCOCcC OO0 O0O0O000O000C0O00C00000O0

"S3I1LIOYINY D1jgNd AQ spew SUoISII3P dUBNUI PINOD s3salajul jedisijod buons

'$S92IN0SAI 3|ge|IeAR PBPIDIXS pUBWISP
pajewilss asuls ‘ysed syl Ul paiejDap sem dUOZ UOIIDIIISAI ash J1djempunolb v

'sJasn Jayempunolb 1sbuowe uonedwod

Ul 95e315Ul 3Y1 pue S|aAs| Jatempunolb ul aseasdap ayy Buisned si 1eyi sieak

/ 1SE| 9y JO A31daeds Ja3em ay3 Inoge suisduod uediiubis buie) ale sanuoyiny dgnd
‘$924n0sal J9jempunoub jo

uonezijin ‘(s||am uondnpoud aAlde JO spalpuny YUM) SAISU3IUIL 1NG JUSIDIHS UO pPaseq
u®ag sey ‘uoibal ay3 Jo AJIAI1D. DIWOU0I3 JueAl[al J1SOW ay) ‘AjiAnoe [eanynoube sy |

ainynoLby sali1snpul suoliejndod
X+ g ™
2N\ ‘o

$)S2J23Ul JUBIBHIP
yum siapjoyayess ajdiynw Jo uointedidipied ayi SSA|OAU| JUSBWHBEURW $BIIN0S3I JO1RAN

}X33U0Y) |eIDO0S

M

s

O

O



‘aduejeq 1a)em
a1 991uesenb 0} suoIssadUOd Bunsixe buiziiadeieyd eiep Buimaiaal
pue BuppPayd 1oy swil MOjje 0} Bale 3111Ud 3y} ul papuadsns
Aje181dwios usaq sey sjjam uopdnpoud Jo Buljjup mau ‘Apusuuny s
I9}em pajdelisqe

¢ JO SBWN|OA 3y} pue sjem Jadaap jo Bulj[p uo [0U0d BUISIX]
n@-’ Apiadoud sy woly psydessge
ole 10U J31eM 95N 0} SWB) JO SIBUMOPUE] 10 suoljeiwl| buisixg =

:suonoelxs Jsrempunosb sbeuew o3 suonenbai jedoj >ywads <

's9sed ApN3s pue sdusliadxs

SN UO P3sSeq SuoISIDap 9.} 0} POPIdU SDIILUOYINY I[N OV | e

pajuawtbal Jou Si ajinbe ayy ui uondalul Jayepy =

paulap 10U aie salbojouYdD) pue SSANRUIDYIE [RIPOWIDY =

S8A1128(qO uoleIpaWaI BULSP O} 8|qe|IBAR 10U 21B spiepuels dy1nads
palenbal 1o papn|duUl 30U UISIUOD) JO S|EIIWRYD) =

jdomaswely Aiojenbal ajenbapeu; <

JHomawel4 Aiojenbay

—

ccccoCcCcCcCcCCc o000 OCODOOOO0O0ODDODD

)

S

5

(\/'



cCcoccCcococCcCoCcooCcCCcCcCcoCc o000 OLDOOOOOOCOO0O

13ybIH
SD13120[2A MO|4
)

"SOLIBUDIS
aininy pue jsed a1e|nwiis

0} pasn sem |[9pow Jodsuen
pue Mo} [eolisuinu e ‘jJool
juswabeuew 3o1j3uod € Sy

!
i '

=

abieydas moT abaeyoas wnipap abeydai ybiH

Jamo
12yBIH

5|2A9] JL13tUOZold

'2u0z abieydal syl WoJj Jej pue 0} aso|d
Seale Usamlad JNIJ0 SBIMDOJIA MO Ul SAOUBIDHIP JuedJIUbIS =

20D
a1 Aq paiaye Ajjenualod sioidadal Juaiapip snyi pue ‘saul)
MO} 191eMmpunoib Jo uondalip 3y s109)je SWN|oA abieydal syl =

‘poleiqljed Sem [9powl MOjy Jedk-GZ Y

(S3A0D HLVdAOW ANV MO14dOIN) [SPOIN MO [edLIBWINN A€

(T) Builepo |ed160j0a601pAH

M

h—



omol I
SENIITIN
D02 JO UO[LeIIUIIUO)

si2al €7 1914y

sieaf 9T 183y
sieafl o1 191y

P3128}}e SIaUMOpUE| |BI3US10
swnid sy} Jo Jus@ 2NN DY = saeaf g 1oYy

:91eWi1S3 0] (SUOIIRIIUSIUOD pue W) pajeldijed |SPO =

‘lids sy se1ye sieak zz 03 7 wouy awnid syl s1e|nWIS O
D02 d1ixads 8yl Joy [opowi Jiodsuedy e Jo uswdojersq

(3@0D ASLIN) [2POIN MHodsuel] [esuswINN s
(2) Buljlepo [ed160j03604pAH

CcccCcCc oo CcoCO00CO0OO0O0OOOOCOOODDOTDDIDI



cCcccocCcooCoOCOoCcCc oo OOoOOOCO00O00O00O00D0CO0OO0

2y, Tgy, Sty Py Rty Ry 20y Wiy on, P, 19jinbe ay3 jo aduejeq J91em uleluIRW O}
S — i o s||om uoialul ybnoiyy Jajem paleal) Jo |esodsiq =

*asn Jaiem [n) 03 buluinial 1SS 03 Do)
ay) JO UoeIuadU0D JudipelBbumop Bupnpsy =

e "SI9p|oydel1s
IqeIoASI - mau buiyoess wody swn|d ay1 bunuaaud
— o1 ‘'swn|d ay3 Jo uoneibiw usIpeIbuMop {0JIUOCD) =

BHUONs | :0} WIR)SAS

172d 943 ubisap pue auyap o3 pasnh buljopoN

T 119 - 9H 3|pi3umog

uonpIpaid uoneibi HodH

Abajenys |eipawiay



'suonie|nfal ssiem Bupjuup yum A|dwod o3 paubissp jue|d Juswuiea.y is1epn
"uolDeIXS Bulnp s[aAs| Ja1empunolb uo sypedwi usipesbumo
"aduejeq J9lem ulejuiew o} Jajinbe ayl 0] sawnjoa 13)em $S3IX3 JO UOIPIBfUT
S||oM Pa1daje YliM sisumopue| 0] 19)em pajeal} JO UWin}dy
'S[|o@m uonebLI MaU QE Uy} S10W 0} Jus|ealinby « sbieydal [enuue
9y} JO %4 xoidde aq |jim sasodind |eipawal o) UOIRISAY A

SlIaM ‘abieydal [enuue ay} JO %pT «
seuieg  UOBEBLIL oo(/ Yy g9 = sesodind uonebiui oy Jorem po1oeIISe JUBLIND A

syneipAy  Dulsixg eak/.wy 61T xosdde si Asj|eA aiizue ayy
sableydal 1ey) swinjoA Ja1em sbesaae ay} ‘[apow [edLawNu ay) 01 Bulpioddy
000, iAep A1aAs (W 9T Jo s3PNU 0OZT O3 JudjeAInbT ‘saeak §T Buninp

Jeak/;wy 7 — Aep/:.w 000Z6T « Y/sw 008 03 dn Bunoensqe sjjam Buidwnd g

SOLIRUSDS DI1BWI|D 24NN JUBISHIC

:$19PISU0D Buljjepow Jaieg dneipAH ayL

ubiseq wa)sAg JoLLIRg dI|NRIPAH

CCocCCcCCclCoCCCOLOCQOOOO0OOODODODOIDDIDIO

I

5

D)



cccoccCcocCcCcoocCccococcoccCcococoO0O0OoO0OO0000 0000000

"eale 9yl Uo 10948 abuey) arew]) 1UNOIIE Ol
Buiye) ‘a24nosal Jaiem ay} Jo Juswdolansp ajqeulelsns uLdy-buo| buunsug  «

"UOIEBIPAWA O 1SOD [[BJISAO BY] =

sasnh a|gejod pue uonebiu
10} san|ea pjoysalyl Aljenb 1ajem 198w 03 swil} uonessdo Jsuleq wWnWiuiw syl = ﬁnﬁ

‘uolRIpPaWaI 0} palejal Juswabeuew suoneldadxy

‘uonesado

11E1S 01 A) a1am siaumopue| Yiim yuswabeuew spIjuod pue syuawaalby eale
8U1 JO @duejeq 49)em 3y} pue spaepuels Ayjenb yloq bulurgjuiew ul pajsalolul
ApwaJiixa a1om pue 10aloid sy} Jo dols AioAd Ul POAJOAUL BJ9M SBIILIOYINe Dl|gnd

‘9w IsA0 Buisealdsp si Alljiqe|ieae eyl
1UNoDDe O1ul Buryel Jajinbe ayj ul s|gejieae awn|oa sy} Bupnpal 1NoYUm spiepue)s
panoidde ay3 01 Jo3empunolb ayy uinial 0} paubisap sem Jsiueq d1nelpAy ay |

.Em_u_or_mv_ﬁmvapmu_c:EEOUvcmUmc_ucm_umonBﬂo“umtcmc_mmmcmch
£33 10} pamoj|e yoiym ‘pajjspow sem punoduwod djuebio pases|al ayi JO JolAeyag

| 'pa1Jels sey sjjam uoneipawal Jo bul|ug
K11sIWaydoIpAY pue ‘s|aAs| Jo Buliojuow aAIsudIxe ‘ssal |edibojoaboipAy ‘sbui||up
‘Bunydadsoud |eaisAydosb :papnjpul pue sieak g joo3 uonezialdeleyd Jajnbe ay|

yoeosddy anndepy



dnoun suosiedfis|iom

UeISIAPY

CCCCOCCCCCO0CO0O000000000D00D230DD2DDID



@

coocccoccCcoccCcoccecocococlocCcooCcoo0o000O0CoD 00

¥T/ UelSIApY

"UOIIBLLIOMUI 1O uoeIUSsald SIY} UO @ouell J0 3sn AUB ‘Y)Im UO[1DRuU0d Ul 10 o 1no Buisyie suosiad 1810 Jo jusidinal
e £q pateyns abewep Jo sso| Aue Joj—(syusbe sy jo Aue 10/pue URISIAPY JO 213 JO 32| 10 J|nejap ‘sousbijbau sy jo no Bulslie Jou Jo Jayleym pue)
[E1uaNbasuod 10 Peipul 128lIp—A3Ige] (B wigsip sjuabe pue saipoq paleja: ‘saako[dwe ‘SI180140 SH pue UelSIADY ‘me| Ag papiwiad Jusixs sy) o),

‘panss Uaaq sey JuUsSWNIoP sy} Jaye usiedde
awodaq ABW 1Y)} UOISSILO 10 Joud Aue Buiydeniod Jo uoewlojul Aue Bunepdn Joy Ay[igisuodsal 8.} Jou Op PUE JUSWNDOP SIY} Ul UoHEWIOU
40 ssauai2dwod Jo Axjiqelfal “A>eindde ay) 0} se Aueiiem Jo uoneiuasaidal Ou jew seAneRuSsaIdal pue SB1IUS PRJRIDOSSE |jB PUR UBISIAPY

"UBISIAPY ‘01 UMOUXUN 8 ABLI PUE JO |0S3U0D 3] 8PISIN0 ale YoIym Jo Auew—sapuabunuod
pue sysu ‘saiuienaIUn 03 193gns aie pue siskleue pue JuswBpNl 8AN23{qNSs A|0AUI |)IM UONEIUSSII SIY3 UL PApN|aUL SjUBLIR)R)S Bupiool-piesmioy Auy

"5ATIND3XA 10 SIADIYO 11 ‘S|OYM B SB UBISIAPY JO uotiisod ayy 198)je1 Ajuessadau skemie Jou Aew uraiay
patuasasd suciuido ‘yons sy yiey poob ur uaalb ale yoiym ssjussald eyl jo suoluido jeucsiad pue |euoissajold sy suleuod uoneiuasasd syl

‘UBISIAPY JO dA1leuasaidal e A paledald usaq sey uonejussasd S|

HYANIYTISIA



ik 4






The Application of Pollution Transfer Model and Health
Risk Map on the Brownfield Revitalization in Taiwan

ﬂ Soil and Groundwater Pollution Remediation Funds, Environmental Protection Administration (Taiwan)

= Environmental Engineering Research Center, Sinotech Engineering Consultants, Inc.

~ Surface

Unsaturated i
one )

Saturated
zone

THE SITE

'“T:" 3 .
pwlid I

-
S

‘) petiochemical f

Industrlal park "
e e

T APWHO4

Richards equation The methodology

* Assuming hydrogeological condition as
homogeneous media

* Take the highest contaminated concentration
for risk assessment

9 K(B)(ah +1)
7, 0z 0z
K : hydraulic conductivity
h : matric head induced by capillary action
z : elevation above a vertical datum

0 : volumetric water content
t=time

a0
t

Darcy’s Law )) Applying hydraulic model
_ _xaln (HydroGeoChem) to demonstrate

f:, P the groundwater flow and transport
= discharge

of individual contaminants so that a
2D dynamic health risk map is

K = hydraulic conductivity

A =surface area

h = piezometric head

L = distance in direction flow

. ~illustrated. |
Geological condition ) Pollution
= 5 5 » Thesiteis * The soil and
. located in groundwater
- Southern are polluted by
R, Tewen. | BTEX,CCl, 1,2-
S @ 0 NeBeoloBl@l oy o) and
condition is CH.CI o
composed of sul, mainly
B clay (14-20 m), fromthe
’ = sandandgrit  petrochemical
(0-14 m). factories in the
» EN - neighborhood.
Legend ;"',_:', suwsand Sﬂtvd-v
Eﬂ Grvel E‘Es-nwsm o ‘““::;:"“

@ Backfill

))Risk Management for Revitalization of this site

B0-2606 .
31606 -SE-05
3 5606 - 16-05
3 1€-05 - SE-05
1 S€-05 - 1E-04
[ 1604 -$E-04
0 5E-04 - 1E-03

» The site will be redeveloped as a
shopping outlet in the near future,
while the groundwater remediation

~ of will proceed along with the service.

* According to the model, the vapor
intrusion of BTEX from soil and .
groundwater will be the major health
concern. The ground shall be covered
by asphalt to avoid the contact with

the human beings. |

B 0-1E-06 .
o 1065606 R
{J 5606 - E05
11605+ 5E05
[ 5605 - 1E04
3 1£-04 - SE04
05604 - 1603
O 1603 - 1L.56E02
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i8S SRR REAER N

FIERNEERE » R KRR T ERNRKER  HEERN
K EEFREH K - R EERERBRE 4 RN LEEF
Z TR N K E IR SR BRSNS TR - FETEENE
SRR » FHRR /DR R R TR - PR S R SRR
7€ 1971 FERERR T ERIRIZEER (The Ministry of the Environment) » BEE S E4H
BHAVERRIEIR - 1F 2000 FE&8A7 T )59% 18k | (Contaminated Soils Act) o

UIEHREREL ) BEEMBIVILE  JHNEREORD LIS - DURAREEG IR

BRI K Aﬁﬁﬁﬁﬁﬁ2$ﬂ B - LH > ASHERE

1. {REEEAKE

2.%&@@%x%%ﬁ@§@2@?ﬁﬁ

3. RAHSAEFIIAIEENTRRIRHER - FLIB R T SIS
HEFE

4. FEFERMEELE  PIEHREAE—I55

5. BFISHAT R NERIUDEEE LI TSR E » DURIKIER
AL UIN-C AL

FIEE LA ERARNE R A SERMEH K ABRBEREEES -
B BN ERARRERFENEE TR B ERESEE 18 - 1R
SR RS E EEEEEAM &I EE ] gE A IR » BIEZE
BIEWEES BRI IERE (knowledge level 1) - IR CIEF X EITRS
AEEEH R ABERBRRAIRRIGEHRA T E TS EETRE 7
- HIRZEIREEIEEFER T HFIER (knowledge level 2) -

R —HFIEE (knowledge level 1)EIERTEEIEIVRIREIS 53 » EL40
PARTHU B TREIE ~ sk T OHREEES, - FIEE (knowledge level 2)
BB LEH o IEIFINFE — YR (knowledge level 1) 78
S ErTHIZP 8 (preliminary investigation) FERRBHEEEHEITE

FHETEREERE (Further investigations) @ Hl= B EE(E (risk assessment.) o

EEA1 > IRET TSR B AR - N8R A K EE MR E ~ KR EKE -~ F2-
SREMSR ARG - QRS AR ERE L EEERAR (Quality

{,



Criteria for Soil)» BIjf71 & 4k 5'E&E (knowledge level 2) » ¥ A EEEEFEES -
R RBAE 2002 £EF 2 SEGIEEISETET] (Guidelines on
Remediation of

Contaminated Sites) » F2EHYS Je 1B IR B 7y AUUEFRSEE (B 1) »

R Bl ia s T EE (The initial survey phase) ~ 3B EE EFSEE (The
investigation phase) ~ BGEIEES (The remediation phase) DA iE{EELREH[S
E% (Theoperation and evaluation phase) < JA#R/EEERA S EL Ra b RIS HREE
SB35 > TERIRRETE AT - AR BRSO LE IR (stop
criteria) FIEGIZFEIF (monitoring programmes) o {£1F1Z2#E (stop criteria) ]
FER AR ERER - BIGBTEEIRIVRHE - v DIz (R B -
BRI ER A E R BB AR e SRR EE AR
flF il 2 {4 -

L. Initial survey phase
* Collection of historical data of use on the site. Incl.
mfomxatmn fmm Mapping and Guidelines
of geological and hydrological

2. Site mvevttgatfan phase
= nvesngatzons (prekmmary and supplementary)
Risk:

The operation and evaluation phase

b+ [



