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Abstract

As a result of a gasoline spill in an urban 
area, Electrical Resistivity Tomography (ERT), 
Gngevtqocipgvke" RtqÝnkpi" *GOR+" cpf" Xqncvkng"
Qticpke" Eqorqwpfu" *XQE+" ogvjqfu" ygtg"
wugf" kp" qtfgt" vq" fgÝpg" vjg" eqpvcokpcvkqp"
rnwog" cpf" vq" qrvkok¦g" vjg" ftknnkpi" cpf" uqkn"
ucornkpi" cevkxkvkgu0" Vjg" XQE" cpqocnkgu"
*tgegpv" eqpvcokpcvkqp+" kpfkecvgf" vjcv" c"
icu" uvcvkqp" nqecvgf" cv" vjg" uvwf{" ukvg" ku" cp"
active contamination source. The mature 
eqpvcokpcvgf" ¦qpgu"fgÝpgf"d{"GTV"cpf"GOR"
ogvjqfu" eqttgurqpfgf" ykvj" nqy" tgukuvkxkv{"
cpqocnkgu" fwg" vq" fgitcfcvkqp" rtqeguu" qh" vjg"
j{ftqectdqpu"eqpvcokpcpvu0"Vjg"GTV."GOR"cpf"
XQE"tguwnvu"ygtg"kpvgitcvgf"qp"c"ocr."cnnqykpi"
vjg"Ýpcn"eqpÝiwtcvkqp"qh"eqpvcokpcvkqp"rnwogu"
cpf" vjg"qrvkok¦cvkqp"qh" ftknnkpi" cpf" uqkn1htgg/
rtqfwev" ucornkpi0" Ncdqtcvqt{" cpcn{ugu" qh"
htgg/rtqfwev" ucorngu" uwiiguv" vjg" gzkuvgpeg"
of more than one contamination event in 
vjg" ukvg." ykvj" vjg" rtgugpeg" qh" tgegpv" cpf"
fgitcfgf/j{ftqectdqp"eqpvcokpcpvu"encuukÝgf"
kp" vjg" icuqnkpg" tcpig0" Vjku" uvwf{" ujqyu" vjg"
cfxcpvcigu"qh"lqkpv"crrnkecvkqp"qh"GTV."GOR"cpf"
XQE"ogvjqfu"kp"ukvgu"ykvj"cevkxg"eqpvcokpcvkqp"
uqwteg." yjgtg" vjg" gzkuvgpeg" qh" tgegpv" cpf"
ocvwtg"eqpvcokpcpvu"kp"uwduqkn"ku"cuuwogf0

Mg{yqtfu<" Dgp¦gpg." Vqnwgpg." Gvj{ndgp¦gpg."
Z{ngpgu" *DVGZ+."j{ftqectdqpu"eqpvcokpcvkqp."
xqncvkng" qticpke" eqorqwpfu" *XQE+." icuqnkpg"
spill, electrical resistivity tomography (ERT), 
gngevtqocipgvke"rtqÝnkpi"*GOR+0

Resumen

Fgdkfq" c" nc" qewttgpekc" fg" wp" fgttcog" fg"
icuqnkpc" gp" wp" ƒtgc" wtdcpc." nqu" ofivqfqu"
fg" Vqoqitch‡c" fg" Tgukuvkxkfcf" Gnfievtkec"
*VTG+." RgtÝnclg" Gngevtqocipfivkeq" *RGO+" {" fg"
ogfkek„p" fg" Eqorwguvqu" Qtiƒpkequ" Xqnƒvkngu"
*EQX+" hwgtqp"wvknk¦cfqu"rctc"fgÝpkt" nc" rnwoc"
fg" eqpvcokpcek„p" {" fktkikt" nqu" vtcdclqu" fg"
owguvtgq"fg"uwgnq0"Ncu"cpqocn‡cu"EQX"*eqp/
vcokpcek„p" tgekgpvg+" kpfkectqp" swg" wpc"
icuqnkpgtc" nqecnk¦cfc" gp" gn" ƒtgc" fg" guvwfkq"
gu" wpc" hwgpvg" fg" eqpvcokpcek„p" cevkxc0" Ncu"
¦qpcu" eqp" eqpvcokpcek„p" ocfwtc" fgÝpkfcu"
eqp" nqu"ofivqfqu" VTG" {" RGO" eqttgurqpfkgtqp"
eqp"cpqocn‡cu"fg"dclc"tgukuvkxkfcf"fgdkfq"c"nqu"
rtqeguqu"fg"fgitcfcek„p"fg"nqu"jkftqectdwtqu"
eqpvcokpcpvgu0"Nqu"tguwnvcfqu"cnecp¦cfqu"eqp"
nqu"ofivqfqu"VTG."RGO"{"XQE"hwgtqp"kpvgitcfqu"
gp" wp" ocrc." rgtokvkgpfq" nc" eqpÝiwtcek„p"
Ýpcn" fg" ncu" rnwocu" fg" eqpvcokpcek„p" {"
nc" qrvkok¦cek„p" fg" ncu" rgthqtcekqpgu" {" gn"
owguvtgq"fg"uwgnq"{"rtqfwevq"nkdtg0"Cpƒnkuku"fg"
ncdqtcvqtkq"fg" ncu"owguvtcu"fg"rtqfwevq" nkdtg"
uwikgtgp" nc" gzkuvgpekc" fg" oƒu" fg" wp" gxgpvq"
fg"eqpvcokpcek„p"gp"gn"ukvkq."eqp"nc"rtgugpekc"
fg" eqpvcokpcpvgu" jkftqectdwtqu" htguequ"
{" fgitcfcfqu." encukÝecfqu" gp" gn" tcpiq" fg"
icuqnkpc0"Guvg"guvwfkq"fgowguvtc"ncu"xgpvclcu"
fg" nc"crnkecek„p"eqplwpvc"fg"VTG."RGO"{"EQX"
gp"ukvkqu"eqp"hwgpvgu"fg"eqpvcokpcek„p"cevkxc."
fqpfg"ug"cuwog"nc"gzkuvgpekc"fg"jkftqectdwtqu"
eqpvcokpcpvgu" tgekgpvgu" {" ocfwtqu" gp" gn"
subsuelo.

Rcncdtcu"encxgu<"Dgpegpq."Vqnwgpq."Gvkndgpegpq."
Zkngpqu"*DVGZ+."eqorwguvqu"qtiƒpkequ"xqnƒvkngu"
*EQX+."eqpvcokpcek„p"rqt"jkftqectdwtqu."hwic"
fg"icuqnkpc."vqoqitch‡c"fg"tgukuvkxkfcf"gnfievtkec"
*VTG+."rgtÝnclg"gngevtqocipfivkeq"*RGO+0
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Joint interpretation of geoelectrical and volatile organic compounds 
data: a case study in a hydrocarbons contaminated urban site
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Introduction

J{ftqectdqpu" ctg" coqpi" vjg" ockp" hcevqtu"
qh" igqnqikecn" ogfkwo" eqpvcokpcvkqp0" Vjg"
ghhgevkxgpguu" qh" gngevtkecn" ogvjqfu" hqt" vjg"
ejctcevgtk¦cvkqp." qp" uwthceg" cpf" fgrvj." qh"
qkn" eqpvcokpcvgf" rnwogu" jcu" dggp" tgrqtvgf"
d{" ugxgtcn" cwvjqtu" *Xcpjcnc." 3;;9="Oqfkp"et 
al0." 3;;9=" Cvgmycpc" et al0." 4223=" Qugnnc" et 
al0." 4224=" Fgnicfq/Tqft‡iwg¦" et al0." 4228="
4228c+0" Lwuv" chvgt" eqpvcokpcvkqp." c" jkij"
tgukuvkxkv{"cpqocn{""fgnkokvu"vjg"eqpvcokpcvgf"
¦qpg0" Qkn" eqpvcokpcpvu" ecwug" ejcpigu" kp"
rj{ukecn." ejgokecn" cpf" dkqnqikecn" rtqrgtvkgu"
qh"uqkn"*Ucwem."4222="Cvgmycpc"et al0."4223+."
ockpn{"fwtkpi"vjg"Ýtuv"hqwt"vq"ukz"oqpvju"chvgt"
eqpvcokpcvkqp0" Cdfgn/Ccn"et al0" *4226+" hqwpf"
uqog" korqtvcpv" fgvcknu" qp" dkqfgitcfcvkqp"
rtqeguu"cpf"ejcpigu"kp"vjg"gngevtkecn"rtqrgtvkgu"
qh"eqpvcokpcvgf"¦qpgu0"Vjg{"fgoqpuvtcvgf"vjcv"
vjg"fgetgcug"qh"tgukuvkxkv{"kp"uqkn"eqpvcokpcvgf"
d{" fgitcfgf" j{ftqectdqpu" ku" ockpn{" tgncvgf"
vq" jkij" uwthceg" eqpfwevkxkv{" kp" vjg" rqtgu" qh"
vjg" chhgevgf" tqemu0" Vjwu." vjg" nqy" tgukuvkxkv{"
cpqocnkgu" ctg" cuuqekcvgf" vq" vjg" gzkuvgpeg"
qh" ocvwtg" j{ftqectdqp" eqpvcokpcvkqp0"
Gngevtkecn" Tgukuvkxkv{" Vqoqitcrj{" *GTV+" cpf"
Gngevtqocipgvke" RtqÝnkpi" *GOR+" ctg" ghhgevkxg"
vqqnu" vq" ocrrkpi" nqy" tgukuvkxkv{" cpqocnkgu"
ecwugf"d{"j{ftqectdqp"eqpvcokpcvkqp"*Ujgxpkp"     
et.al0."4227+0"

GTV" ku" crrnkgf" kp" qtfgt" vq" qdvckp" c"
igqgngevtkecn" kocig" qh" vjg" uwd/uwthceg" wukpi"
gngevtkecn" ogcuwtgogpvu" ocfg" cnqpi" rtqÝng"
cv"vjg"uwthceg0"Vjg"crrnkecvkqp"qh"GTV"ogvjqf"
ku"dcugf"qp"crrctgpv"tgukuvkxkv{"fgvgtokpcvkqp"
ykvj"vjg"jgnr"qh"nkpgct"cttc{"*g0i0"Fkrqng/Fkrqng."
Ygppgt/Uejnwodgtigt+" qh" ocp{" gngevtqfgu"
eqppgevgf"vq"tgukuvkxkv{"gswkrogpv0"Tgukuvkxkv{"
fcvc"ctg"vjgp"rtqeguugf"vq"qdvckp"c"tgukuvkxkv{"
etquu/ugevkqp" *Nqmg." 4235+0" Cu" c" tguwnv" qh"
kpvgtrtgvcvkqp."vtwg"nc{gtu"tgukuvkxkv{"cpf"vjgkt"
vjkempguu"ctg"guvkocvgf0

Vjg" crrnkecvkqp" qh" GOR" ogvjqf" kpxqnxgu"
measuring the response of the subsurface to 
cp" gngevtqocipgvke" Ýgnf0" Cp" gngevtqocipgvke"
Ýgnf" ku" igpgtcvgf" d{" c" vtcpuokvvgt" cpvgppc."
kpfwekpi" gff{" ewttgpvu" ykvjkp" vjg" itqwpf0"
Vjgug" kpfwegf" ewttgpv" igpgtcvg" c" ugeqpfct{"
ocipgvke" Ýgnf0" Dqvj" rtkoct{" cpf" ugeqpfct{"
ocipgvke" Ýgnfu" ctg" ogcuwtgf" kp" c" tgegkxgt"
cpvgppc0" Vjg" itqwpf" eqpfwevkxkv{" fwg"
vq" igqnqikecn" ejctcevgtkuvkeu." eqpfwevkxg"
ocvgtkcnu" *ogvcn" qdlgevu+" cpf" eqpvcokpcpvu"
ecp" dg" ecnewncvgf" htqo" vjg" tcvkq" qh" vjg"
ugeqpfct{"cpf"rtkoct{"ocipgvke"Ýgnfu"*Mgnngt"
cpf" Htkuejmpgejv." 3;88+0" Vjg" GOR" tguwnvu."
cnvjqwij" pqv" rtqxkfkpi" fgvckngf" nkvjqnqi{"
*nc{gtu"cpf"vjgkt"vjkempguugu+"kphqtocvkqp."ecp"

swkemn{" fgvgtokpg" vjg" jqtk¦qpvcn" ejcpigu" kp"
uqkn" crrctgpv" eqpfwevkxkv{" *g0i0" j{ftqectdqp"
eqpvcokpcvkqp" rnwog+" cv" fkhhgtgpv" uvwf{"
fgrvju0" Vjg" gngevtqocipgvke" ogcuwtgogpvu"
ctg" ugpukvkxg" vq" dwtkgf" gnqpicvgf" eqpfwevqtu"
such as metallic pipes, electric lines, sanitary 
ugygt."gve0"Vjgug"ctg"wuwcnn{"tgeqipk¦gf"d{"vjg"
nctig"ogvgt" Þwevwcvkqpu"yjkej" qeewt" kp" ujqtv"
fkuvcpeg0" Yjgp" vjg" cpvgppcu" ctg" qtkgpvgf"
rgtrgpfkewnct" vq" vjg" gnqpicvgf" eqpfwevqtÓu"
czku." c" okpkowo" eqpfwevkxkv{" xcnwg" yknn" dg"
tgikuvgtgf" *tgcejkpi" pgicvkxg" xcnwgu+0" Yjgp"
vjg" cpvgppcu" ctg" rctcnngn" cpf" enqug" vq" vjg"
eqpfwevqtÓu"czku."eqpfwevkxkv{"xcnwgu"yknn"jcxg"c"
oczkowo"*Igqpkeu"Nkokvgf."4232+0"Kp"vjku"yqtm."
cu" rctv" qh" vjg" uwtxg{" vgejpkswg." vq" gxcnwcvg"
vjg"ocipkvwfg"qh"gngevtqocipgvke"kpvgthgtgpeg"
htqo"ogvcn"qdlgevu"kp"GOR"ogcuwtgogpvu."uqkn"
eqpfwevkxkv{"ogcuwtgogpvu"ygtg"rgthqtogf"vq"
vyq"qtvjqiqpcn"fktgevkqpu"qh"vjg"cpvgppcu0

 
Xqncvkng" qticpke" eqorqwpfu" *XQE+"ctg" vjg"

oquv" eqooqp" eqpvcokpcpvu" gpeqwpvgtgf" cv"
j{ftqectdqp"eqpvcokpcvgf"ukvgu0"XQE"uwtxg{"ku"
crrnkecdng"wpfgt"c"xctkgv{"qh"igqnqikecn"ugvvkpi0"
Ceewtcvg" XQE" fgvgtokpcvkqpu" ctg" pggfgf" vq"
cuuguu" vjg" gzvgpv" qh" eqpvcokpcvkqp" vq" ocmg"
fgekukqpu"hqt"crrtqrtkcvg"tgogfkcn"cevkqp0"Vjg"
gxcnwcvkqp"qh"uwduwthceg"qticpke"xcrqtu"ku"dcugf"
qp" vjg" rj{ukecn" rjgpqogpc" qh" j{ftqectdqpu"
xqncvknk¦cvkqp"ikxgp"d{"vjg"Jgpt{"ncy"*Nkp"cpf"
Ejqw."4228+."cu"ygnn"cu"vjg"ukvg"ejctcevgtkuvkeu0"
Kv"jcu"dggp"fgoqpuvtcvgf"vjcv"vjg"cpcn{uku"qh"
icugu"qt"xcrqtu"ku"c"iqqf"uetggpkpi"vgejpkswg"
kp"j{ftqectdqp"eqpvcokpcvgf"ukvgu."ykvj"IYV"
fgrvju"dgvyggp"4"vq"32"o"*CRK."3;;3="Qejqc"
et al0."4229+0"Fgvgtokpcvkqp"qh"XQE"ku"wuwcnn{"
rgthqtogf" kp" ukvw" wukpi" c" rjqvqkqpk¦cvkqp"
fgvgevqt0" Wukpi" vjku" gswkrogpv." kv" ku" rquukdng"
vq" fgvgev" c" ykfg" tcpig" qh" eqorqwpfu" kp" vjg"
icuqnkpg"vq"fkgugn"tcpig0

Cu"c"tguwnv"qh"fkiikpi"hqt"c"ycvgt"ekuvgtp"kp"c"
dcugogpv"qh"cp"crctvogpv"dwknfkpi."c"icuqnkpg"
urknn"ycu"fgvgevgf0"GTV"cpf"GOR"ogvjqfu"ygtg"
crrnkgf." cu" ygnn" cu" XQE" ogcuwtgogpvu." kp"
qtfgt" vq"fgÝpg" vjg" eqpvcokpcvkqp"rnwog"cpf"
vq"iwkfg" vjg" ucornkpi"cevkxkvkgu0"Vjtqwij" vjg"
crrnkecvkqp"qh"vjg"XQE."GTV"cpf"GOR"ogvjqfu."
kv" ycu" rquukdng" vq" ecnewncvg" vjg" fkogpukqpu"
qh" vjg" chhgevgf" ctgc0" Ncdqtcvqt{" cpcn{ugu" qh"
htgg/rtqfwev" ucorngu" uwiiguv" vjg" gzkuvgpeg"
qh" ugxgtcn" eqpvcokpcvkqp" gxgpvu" ykvj" vjg"
rtgugpeg" qh" tgegpv" cpf" ocvwtg" j{ftqectdqp"
contaminants.

Site background

Vjg"ukvg"ku"nqecvgf"kp"c"rqrwnct"pgkijdqtjqqf"qh"
Ogzkeq"Ekv{"dgvyggp"4.462"cpf"4.466"o0c0u0n0"
The geological composition of the site belongs 
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vq" vjg" ugfkogpvct{" Ogzkeq" Ekv{" dcukp" cpf"
Vgzeqeq" gz/ncmgÓu" yguv" ujqtg" *Oct‡p/E„tfqxc"
et al0." 3;:8+0" Vjg" uvtcvkÝecvkqp" ugswgpeg"
ujqygf" nqy" rgtogcdknkv{" enc{" cpf" uknv" ykvjkp"
Ýpg"cpf"ogfkwo"ucpf"ngpugu0"Vjg"itqwpfycvgt"
vcdng"*IYV+"ycu"dgvyggp"5097"cpf"7022"o"kp"
vjg"egpvtcn"cpf"pqtvjgtp"rqtvkqpu"qh" vjg"ukvg."
ogcpyjkng." kp" vjg" uqwvjgtp" rqtvkqp." pgct" vq"
icu"uvcvkqp."vjg"IYV"ecp"tgcej"wr"vq";022"o"
fgrvj0"Vjg"rgtogcdknkv{"eqghÝekgpv"tcvg"ycu"302"
'"32/8"vq"302"'"32/9"eo1u"*nqy"rgtogcdknkv{+0

C"rcxgf"*ockp+"uvtggv"twpu"htqo"uqwvjyguv"
vq"pqtvjgcuv"cnqpi"572"o"*Hkiwtg"3+0"Cu"c"tguwnv"
qh" fkiikpi" hqt" c" ycvgt" ekuvgtp" kp" c" dcugogpv"
qh" cp"crctvogpv"dwknfkpi."c"j{ftqectdqp" urknn"
ykvj"icuqnkpg/nkmg"qfqt"htqo"c"vjkp"nc{gt"cv"cp"
crrtqzkocvg"fgrvj"qh"7"o"ycu"fgvgevgf0"Vjg"
urknn"rqkpv"ku"cdqwv"322"o"htqo"c"icu"uvcvkqp."
cpf"cdqwv"72"o"htqo"uocnn"hcevqtkgu"ykvj"uqnxgpvu"
cpf" hwgn" uvqtcig" vcpmu." kpfkecvkpi" the probable 
gzkuvgpeg"qh"cevkxg"eqpvcokpcvkqp"uqwtegu"*Hkiwtg"
3+0"Kpfktgev"ogvjqfu"ygtg"crrnkgf"vq"ocr"vjg"
eqpvcokpcvgf"¦qpgu"cpf"vq"ugngev"vjg"uqkn"dqtkpi"
nqecvkqpu."fgÝpkpi"c"uvwf{"ctgc"qh"705"jc0

Figure 1. Scheme of the site.

Application of geoelectrical and VOC me-
vjqfu<"eqpÝiwtcvkqp"qh"vjg"eqpvcokpcvkqp"
plume

Application of VOC measurements

Uwduwthceg" xcrqtu" ygtg" ogcuwtgf" kp" ukvw" vq"
cuuguu" vjg"eqpvgpv"qh"XQE0"Vjg"ogvjqfqnqi{"
vq"ogcuwtg"XQE"jcu"dggp"vguvgf"cpf"kortqxgf"
ukpeg" 3;;4" vq" cnnqy" c" tcrkf" ogcuwtgogpv"
*uetggpkpi+"qh"vjg"oquv" nkmgn{"qeewttgpeg"cpf"
fkuvtkdwvkqp"qh"j{ftqectdqpu"kp"vjg"uwduwthceg"
cpf" vjwu" ugngev" vjg" ukvgu" vq" rgthqto" vjg"
ftknnkpi"cpf"uqkn"ucornkpi0"Ucornkpi"gswkrogpv"
kpenwfkpi"c"urgekcnk¦gf"jcoogt"cpf"c"jcoogt"
ucorngt" rtqdg." cnnqyu" d{" xcewwo." vjg"
gzvtcevkqp"qh"xcrqt"htqo"uwduqkn0"XQE"eqpvgpv"
kp" uwduqkn" ecp" vjgp" dg" fgvgtokpgf" wukpi" c"
rqtvcdng"rjqvqkqpk¦cvkqp"fgvgevqt"*RKF+."yjkej"
can measure concentrations from ppb to up to 
32.222"rro0"Ukpeg"vjg"rtgugpeg"qh"XQE"kp"vjg"
uwduwthceg" qtkikpcvgf" htqo" vjg" j{ftqectdqpu"
eqpvcokpcpvu"ctg"swcpvkÝgf."vjku"ogvjqf"eqwnf"
dg" eqpukfgtgf" cu" ugok/kpfktgev0" XQE" ygtg"
ogcuwtgf"cv";3"ugngevgf"rqkpvu0
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Application of ERT method

Vjtgg" GTV" rctcnngn" rtqÝngu" ygtg" rgthqtogf"
qp" Ockp" Uvtggv" *Hkiwtg" 3+" kp" qtfgt" vq" qdvckp"
tgukuvkxkv{" cpqocnkgu" cuuqekcvgf" ykvj" vjg"
rtgugpeg" qh" j{ftqectdqp/eqpvcokpcvgf" uqknu0"
C" vqvcn" qh" 86" GTV"ogcuwtgogpvu" rqkpvu"ygtg"
ugvvngf0" GTV" uwtxg{" ycu" ecttkgf" qwv" wukpi" c"
itgcv"pwodgt"*\72+"qh"gngevtqfgu"rncegf"cnqpi"
gcej" rtqÝng" ykvj" c" eqpuvcpv" kpvgtxcn" qh" 6"o."
wukpi"CD14"urcekpi"qh"c"Ygppgt/Uejnwodgtigt"
cttc{"htqo"8"vq"64"o."gpuwtkpi"c"oczkocn"uvwf{"
fgrvj" qh" 37" o0" Urcekpi" dgvyggp" uqwpfkpi"
egpvgtu"ycu":"o0

Application of EMP method

Wukpi" vjg" GO53/OM4" gswkrogpv" *Igqpkeu"
Nkokvgf." 4232+." vjg" jqtk¦qpvcn" ejcpigu" kp" uqkn"
crrctgpv"eqpfwevkxkv{"hqt"oczkocn"uvwf{"fgrvj"
qh"8"o"ku"fgvgtokpgf0"Vcmkpi"kpvq"ceeqwpv"vjcv"
kp" vjg" oquv" qh" vjg" ukvg" vjg" nqecn" IYV" fgrvj"
xctkgu"dgvyggp"5097"o"Î"7022"o."kv"ku"hgcukdng"
vq" wug" vjg" GO53/OM4" gswkrogpv" vq" fgvgev"
vjg" j{ftqectdqp" eqpvcokpcvkqp" ¦qpgu" kp" uqkn."
uwduqkn"cpf"itqwpfycvgt."yjkng"kp"vjg"uqwvjgtp"
gpf" qh" vjg" ukvg" *IYV" fgrvj" ?" ;022"o+." GOR"
ku" hgcukdng" vq" fgvgev" vjg" eqpvcokpcvkqp" kp" uqkn"
cpf" uwduqkn." dwv" pqv" kp" vjg" itqwpfycvgt0" Vjg"
GOR" uwtxg{" ycu" ecttkgf" qwv" eqpukfgtkpi" vjg"
gngevtqocipgvke" kpvgthgtgpeg" qh" vjg" dwtkgf"
gnqpicvgf" eqpfwevqtu0" Ceeqtfkpi" vq" qwt" yqtm"
gzrgtkgpeg" wukpi" GO53/OM4" kp" wtdcp" cpf"
kpfwuvtkcn" ukvgu" *KOR" 4228=" 4228c=" 422:="
4235=" Ogpfg¦/Xgnctfg" et al0." 4234+." yjgp"
vjg" fkhhgtgpeg" dgvyggp" eqpfwevkxkv{" xcnwgu"
tgeqtfgf" vq" vyq" qtvjqiqpcn" fktgevkqpu" qh" vjg"
cpvgppcu"ku"oqtg"vjcp"32'."vjg"GOR"uvcvkqp"ku"
tglgevgf"cpf"c"pgy"ogcuwtkpi"rqkpv"ku"ugngevgf."
qvjgtykug"vjg"cxgtcig"xcnwg"ecp"dg"wugf"hqt"vjg"
fcvc" tgfwevkqp0" Kp" vjku" yc{." yg" gpuwtgf" vjcv"
xctkcvkqpu"kp"vjg"gngevtqocipgvke"Ýgnf"ctg"ikxgp"
qpn{" d{" xctkcvkqpu" kp" uqkn" eqpfwevkxkv{0" Chvgt"
tgoqxkpi" vjg" ogcuwtgogpv" rqkpvu" chhgevgf"
d{"gngevtqocipgvke"pqkug."528"GOR"fcvc"ygtg"
tgeqtfgf"cpf"cp"crrctgpv" tgukuvkxkv{"ocr"ycu"
ocfg0

Results and discussion

Vjg"tguwnvu"qh"vjg"crrnkecvkqp"qh"GTV."GOR"cpf"
XQE"ogvjqfu"ygtg"rtqeguugf"wukpi" uqhvyctg"
UWTHGT":" *Iqnfgp"Uqhvyctg" Kpe0." 4224+"ykvj"
minimum curvature algorithm. The minimum 
ewtxcvwtg" itkffkpi" rtqxkfgu" tgcuqpcdng"ocru"
ykvj" ucvkuhcevqt{" uoqqvjkpi" qh" vjg" Ýgnf" nkpgu"
*Dtkiiu." 3;96+." ykfgn{" wugf" kp" vjg" gctvj"
uekgpegu" *Qpvctkq" Igqnqikecn" Uwtxg{." 4225="
Qthcpqu"cpf"Crquvqnqrqwnqu."4234+." kpenwfkpi"
igqgngevtke" ogvjqfu" *Mqtjqpgp" et al0." 4227="
Ukgoqp."422;+0

VOC data interpretation

There are no national or international normative 
xcnwgu"vjcv"kpenwfg"pqtocn"qt"pcvwtcn"eqpfkvkqpu"
qh" XQE" hqt" j{ftqectdqp" eqpvcokpcvgf" uqknu0"
Jqygxgt." kv" jcu" dggp" qdugtxgf" vjcv" cp"
cpqocnqwu"xcnwg"*itgcvgt"vjcp"dcemitqwpf+"ku"
gxkfgpeg"qh"eqpvcokpcvkqp"rjgpqogpc"*Ctrgn."
3;;4+0"Hkuejgt"et al0"*3;;8+"uvwfkgf"c"icuqnkpg/
eqpvcokpcvgf"ukvg"cpf"vjg{"eqpukfgtgf"vjcv"XQE"
?"43"ł"4"rro"eqttgurqpf"vq"nqy"eqpvcokpcvkqp"
ngxgnu0"Dcugf"qp"qwt"gzrgtkgpeg"*Qejqc"et al., 
4224="Fgnicfq/Tqft‡iwg¦"et al0."4228."Ogpfg¦/
Xgnctfg" et al0." 4234+." yg" jcf" fgvgtokpgf"
vjcv" kp"j{ftqectdqpu"eqpvcokpcvgf"ukvgu"XQE"
xcnwgu" itgcvgt" vjcp" 42" rro" ctg" cuuqekcvgf"
ykvj" rtgugpeg" qh" j{ftqectdqpu." gkvjgt" cu"
htgg" rtqfwev." cduqtdgf" kp" vjg" uwduwthceg" qt"
fkuuqnxgf"kp"itqwpfycvgt0

Htguj"icuqnkpg"eqpvcokpcvkqp"rtgugpvu"jkij"
XQE" *@"42"rro+"eqpegpvtcvkqp0" Nqy"XQE" *>"
42" rro+" xcnwgu" eqwnf" kpfkecvg" vjg" rtgugpeg"
qh" engcp" uqkn" qt" uqkn" eqpvcokpcvgf" d{"ocvwtg"
j{ftqectdqpu0" Hkiwtg" 4" ujqyu" uqog" rnwogu"
ykvj" jkij" XQE" eqpegpvtcvkqpu" *fctm" ¦qpgu."
Hkiwtg" 4+." kpfkecvkpi" vjg" rtgugpeg" qh" htguj"
eqpvcokpcpvu" kp" vjg" uwduqkn=" qpg" qh" vjgo"
rquukdn{"tgncvgf"vq"vjg"icu"uvcvkqp0"

Kp" ukvgu" ykvj" cp" cevkxg" eqpvcokpcvkqp"
uqwteg" kv" ku" rquukdng" vq" jcxg" dqvj" fgitcfgf"
eqpvcokpcpvu" *nqy" XQE" xcnwgu+" cpf" htguj"
eqpvcokpcpvu" *jkij" XQE" xcnwgu+0" Kp" vjg" urknn"
rqkpv." uwej" cu" kp" ¦qpg" ykvj" engcp" uqkn." nqy"
XQE" xcnwgu" ctg" qdugtxgf." kpfkecvkpi" vjg"
rquukdng" gzkuvgpeg" qh" fgitcfgf" j{ftqectdqp"
eqpvcokpcpvu"kp"vjg"uwduqkn" kp"¦qpgu"ykvj"nqy"
xcnwgu"qh"XQE0"Dgecwug"qh"vjku."GTV"cpf"GOR"
ogvjqfu" ctg" crrnkgf" ukpeg" vjg{" ctg" ghhgevkxg"
for mapping mature contamination plumes.

Statistical analysis of ERT data

Hkiwtg" 5" ujqyu" vjg" uvcvkuvkecn" fkuvtkdwvkqp"
*crrctgpv"tgukuvkxkv{"xu0"CD14"fkuvcpegu+"htqo"
86" GTV" ogcuwtgogpvu" rqkpvu0" Vjg" ngigpf"
tgrtgugpvu" vjg" qeewttgpeg" htgswgpe{" xcnwgu0"
In general, the apparent resistivity values 
ctg" dgnqy" qh" 42"Qjo0o." gxgp" kp" vjg" xcfqug"
¦qpg"*okpkocn"fgrvj"qh"IYV"ku"5097"o+."yjkej"
ogcpu"vjg"enc{"eqpvgpv"kp"uqkn"ku"ukipkÝecpv"cv"
fkhhgtgpv"uvwf{"fgrvju0"Vjg"ogcp"ewtxg"*ewtxg"
J." Hkiwtg" 5+" ejctcevgtk¦gu" vjg" uwduwthceg" wr"
vq" 37"o" fgrvj" d{" c" vjtgg" nc{gt" ewtxg" *v{rg"
J+" ykvj" nqy" tgukuvkxkv{" eqpvtcuv0" Kp" oquv" qh"
vjg" UGX." vjg" tgukuvkxkv{" fgetgcugu" htqo" 32"
vq"90:"Qjo0o" *Ýtuv" cpf" ugeqpf" nc{gt+"yjkej"
octmu" vjg" vtcpukvkqp" htqo" c" ugok/ucvwtcvgf"
vq" ucvwtcvgf" enc{g{" ugfkogpvu." tgurgevkxgn{."
hqnnqygf"d{"c"vjktf" nc{gt"*CD14"@"52"o+"ykvj"
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Figure 2. XQE"ocr0"Vjg"fctm"
¦qpgu"kpfkecvg"vjg"rtgugpeg"qh"

tgegpv"j{ftqectdqp"
contamination.

Figure 3. Uvcvkuvkecn" fkuvtk/
dwvkqp" qh" GTV" fcvc0" *J+"
Ogcp"tgukuvkxkv{"ewtxg"hqt"vjg"
uvwf{" ukvg0" *E+"Enqwf"qh" nqy"
apparent resistivity values 
ugrctcvgf"htqo"ogcp"ewtxg0
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nqygt"enc{"eqpvgpv"*┦c"\";"Qjo0o+0"Crrctgpv"
tgukuvkxkv{"xcnwgu"dgnqy"806"Qjo0o"ctg"qwvnkpgf"
kp"c"enqwf"qh"fcvc" *fcujgf" nkpg"eqpvqwt." ¦qpg"
E." Hkiwtg" 5+." kpfkecvkpi" vjg" rtgugpeg" qh" nqy"
resistivity anomalies (mature contamination) 
hqt"uqog"GTV"rqkpvu."ockpn{"hqt"CD14"@"32"o"
qt"uvwf{"fgrvj"œ"7"o"*ugeqpf"nc{gt+0

GTV" fcvc" kpvgtrtgvcvkqp0" FgÝpkpi" vjg"
geoelectric boundary between clean and 
contaminated soil

Vjg" TGU4FKpx" uqhvyctg" ycu" wugf" hqt" vjg"
kpvgtrtgvcvkqp" rtqeguu" cpf" cp" kpvgtrtgvgf"
igqgngevtkecn" ugevkqp" ycu" qdvckpgf" hqt" gcej"
rtqÝng0" Vjg" TGU4FKpx" uqhvyctg" wugu" vjg"
uoqqvjpguu/eqpuvtckpgf"ngcuv/uswctgu"ogvjqf"
kpxgtukqp"vgejpkswg"vq"rtqfweg"c"4F"oqfgn"qh"
vjg"uwduwthceg0"Vyq"fkhhgtgpv"xctkcvkqpu"qh"vjg"
uoqqvjpguu"eqpuvtckpgf"ngcuv/uswctgu"ogvjqf"
ctg" rtqxkfgf=" qpg" qrvkok¦gf" hqt" ctgcu"yjgtg"
the subsurface resistivity varies in a smooth 
ocppgt."cpf"cpqvjgt"qrvkok¦gf"hqt"ctgcu"ykvj"
ujctr" dqwpfctkgu" *Nqmg" cpf" Dctmgt." 3;;8+0"
Vjg" qdvckpgf" igqgngevtkecn" ugevkqpu" jcxg" vjg"
ucog"pwodgt"qh"nc{gtu"ykvj"ucog"vjkempguugu"
cnqpi"gcej"rtqÝng."ikxkpi"itgcv"cfxcpvcig" vq"
ocmg"kpvgtrtgvgf"tgukuvkxkv{"ocru"hqt"fkhhgtgpv"
uvwf{" fgrvju" *g0i0" itqwpfycvgt" vcdng" fgrvj."
contamination plume, etc).

Hkiwtg" 6" ujqyu" vjg" kpvgtrtgvgf" tgukuvkxkv{"
sections for ERT3, ERT4" cpf" GTV5" rtqÝngu"
ykvj" vjtgg"ockp" nc{gtu<"c"uwrgtÝekcn" tgukuvkxg"
nc{gt" eqpukuvkpi" qh" ucpf{/enc{g{" fgrqukvu"
ykvj"tgukuvkxkv{"tcpig"htqo":"vq"42"Qjo0o."c"
ugeqpf"nc{gt"yjgtg"enc{"eqpvgpv"kpetgcugu"ykvj"

tgukuvkxkv{"tcpikpi"htqo"307"vq";"Qjo0o"cpf"c"
tgukuvkxg" vjktf" nc{gt"ikxgp"d{" vjg"fgetgcug" kp"
enc{"eqpvgpv"ykvj"tgukuvkxkv{"tcpikpi"htqo":"vq"
57"Qjo0o0

Vcmkpi"kpvq"ceeqwpv"vjg"gzkuvgpeg"qh"jkij"enc{"
eqpvgpv"kp"vjg"uwduqkn"cpf"vjg"ejctcevgtk¦cvkqp"
qh" ocvwtg" j{ftqectdqp" eqpvcokpcvkqp" cu"
nqy" tgukuvkxkv{" cpqocn{." yg" pggf" vq" fgÝpg"
vjg" igqgngevtke" dqwpfct{" dgvyggp" engcp"
cpf" eqpvcokpcvgf" uqkn0" Hqt" vjku" rwtrqug."
yg" wugf" kp" vjg" rtgugpv" yqtm" c" eqpfwevkxkv{"
oqfgn" hqt" wpeqpuqnkfcvgf" hqtocvkqpu" cpf" vjg"
ÐRgvtqYkpÑ"uqhvyctg"hqt"ecnewncvkqp"qh"vjg"uqkn"
tgukuvkxkv{" fgxgnqrgf" d{" T{lqx" cpf" Ujgxpkp"
*4224+0"Vjku"oqfgn"eqpukfgtu"vjg"igqogvtkecn"
oketquvtwevwtg" qh" vjg" eqorqpgpvu" cu" ygnn" cu"
electrochemical processes occurring in the soil 
hqt"c"ykfg"tcpig"qh"vjg"rqtg/ycvgt"ucnkpkv{"cpf"
enc{" eqpvgpv0" Qpeg" itqwpfycvgt" *qt" ucnkpkv{+"
cpf" uqkn" tgukuvkxkv{" ctg" mpqyp." enc{" eqpvgpv"
cpf" rqtqukv{" ctg" guvkocvgf" hqt" engcp" uqkn."
cpf" vjg" igqgngevtke" dqwpfct{" ku" fgÝpgf0" Vjg"
ejctcevgtkuvkeu" qh" vjg" eqpfwevkxkv{"oqfgn." vjg"
rtqegfwtg"vq"fgvgtokpg"vjg"itqwpfycvgt"*htqo"
kp/Ýgnf" ogcuwtgogpvu+" cpf" uqkn" *htqo" ncd"
ogcuwtgogpvu+" tgukuvkxkv{." cpf" vjg" gswcvkqpu"
for calculate the soil petrophysical parameters 
*kpenwfkpi" enc{" eqpvgpv" cpf" rqtqukv{+" ctg"
gzrnckpgf" kp" fgvckn" kp" Ujgxpkp" et al0" *4228="
4229+"cpf"Fgnicfq/Tqft‡iwg¦"et al0"*4234+0

"Kp"qtfgt"vq"fgÝpg"vjg"igqgngevtke"dqwpfct{."
hqwt" ygnnu" nqecvgf" hct" gpqwij" htqo" vjg" urknn"
rqkpv"*Hkiwtg"9D+"ygtg"ftknngf"kp"vjg"tgukfgpvkcn"
¦qpg" wpfgt" eqpuvtwevkqp" wukpi" c" Igqrtqdg"
U{uvgo"*Hkiwtg"7+0"Hqwt"uqkn"ucorngu"*qpg"rgt"

Figure 4."Kpvgtrtgvgf"
resistivity section 
htqo" GTV" rtqÝngu"
ykvj"vjtgg"nc{gtu0"Nqy"
resistivity anomalies 
kp" vjg" ugeqpf"
nc{gt" kpfkecvg" vjg"
presence of mature 

contamination. 
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Figure 5. Geoprobe System 
wugf"vq"eqnngev"uqkn"cpf"itqwpf/

ycvgt"ucorngu

 Figure 6. Gzrgtkogpvcn"tguwnvu"
cpf" vjgqtgvkecn" fgrgpfgpeg" qh"
uqkn"tgukuvkxkv{"xgtuwu"rqtg"ycvgt"
ucnkpkv{"hqt"fkhhgtgpv"enc{"eqpvgpv"
kp"uqknu0"Vjgqtgvkecn"oqfgn<"enc{"
rqtqukv{"?"77'."ucpf"rqtqukv{"?"

47'0

ygnn+"ygtg"eqnngevgf"htqo"vjg"nc{gt"pqvkegcdn{"
oqtg" ctiknncegqwu." cv" fgrvju" qh" 8" vq" 9" o"
*ugeqpf"nc{gt."Hkiwtg"6+"cpf"vjgp"cpcn{¦gf"kp"
the laboratory, resulting in a clay content range 
dgvyggp" 59'" cpf" 72'" *Vcdng" 3+0" Nkmgykug."
itqwpfycvgt"ucorngu"ygtg"eqnngevgf"htqo"nqecn"
cswkhgt." tguwnvkpi" kp" c"ogcp" tgukuvkxkv{" xcnwgu"
qh"70;"Qjo0o"cv"42"̇E."yjkej"ogcpu"c"ucnkpkv{"
qh"3"i1n0

Kp" Hkiwtg" 8" vjg" tguwnvu" qh" vjgqtgvkecn"
ecnewncvkqpu" ykvj" vjg" ÐRgvtqYkpÑ" uqhvyctg"
ctg" ujqyp0" Uqkn" tgukuvkxkv{" ku" eqpukfgtgf" cu" c"
hwpevkqp" qh" ycvgt" ucnkpkv{" *PcEn" eqpvgpv" cv"
42̇E+0"Uqkn"tgukuvkxkv{"ewtxgu"hqt"fkhhgtgpv"ucpf"
cpf"enc{"rtqrqtvkqpu"ctg"fkurnc{gf<" ewtxg" hqt"

ucpf"*kp"vjg"wrrgt"rctv"qh"Hkiwtg"5C."2'"enc{."
cpf"47'"rqtqukv{+"cpf"ewtxg"hqt"rwtg"enc{"*kp"
vjg" nqygt" rctv" qh" Hkiwtg" 5C." 322'" enc{." cpf"
77'" rqtqukv{+0" Ycvgt" ewtxg" *fcujgf" ewtxg+"
ikxgu"wu"vjg"tgncvkqp"dgvyggp"ycvgt"tgukuvkxkv{"
cpf"ycvgt"ucnkpkv{="yjkng"vjg"xgtvkecn"fqvvgf"nkpg"
tgrtgugpv"vjg"itqwpfycvgt"ucnkpkv{"ogcp"xcnwg"
qh"3"i1n"hqt"vjg"uvwf{"ctgc0"Vyq"jqtk¦qpvcn"fqvvgf"
nkpgu"ujqy"vjg"tgukuvkxkv{"tcpig"607"Qjo0o"vq"
803"Qjo0o"hqt"uqknu"ykvj"enc{"eqpvgpv"dgvyggp"
59'"/72'"cpf"rqtg/ycvgt"ucnkpkv{"3"i1n."dgkpi"
607"Qjo0o"vjg"igqgngevtke"dqwpfct{"dgvyggp"
engcp"cpf"eqpvcokpcvgf"uqkn0"Tgukuvkxkv{"xcnwgu"
nguu" vjcp" 607" Qjo0o" eqttgurqpf" vq" ocvwtg"
qkn"eqpvcokpcvgf"uqknu="jqygxgt." nqy" ngxgnu"qh"
j{ftqectdqpu" eqpvcokpcvkqp" oc{" dg" rtgugpv"
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kp" uqknu" ykvj" tgukuvkxkv{" xcnwgu" ykvjkp" vjg"
chqtgogpvkqpgf" tgukuvkxkv{" kpvgtxcn0"Tgukuvkxkv{"
xcnwgu" itgcvgt" vjcp"803"Qjo0o" kpfkecvg" vjcv"
there is no mature contamination.

Vjg" ugeqpf" nc{gt" rtgugpvu" nqy" tgukuvkxkv{"
¦qpgu" cuuqekcvgf" ykvj" vjg" rtgugpeg" qh"
ocvwtg" j{ftqectdqpu" eqpvcokpcvkqp0" Wukpi"

vjg" kpvgtrtgvgf" kphqtocvkqp" htqo" Hkiwtg" 6."
vjg" dgjcxkqt" qh" vjg" tgukuvkxkv{" qp" vjg" ugeqpf"
nc{gt"*nqecn"cswkhgt+"ecp"dg"ocrrgf"ykvj"jkij"
tguqnwvkqp0"C"ocr"qh"kpvgtrtgvgf"tgukuvkxkv{"hqt"
vjg"ugeqpf"nc{gt"ku"ujqyp"kp"Hkiwtg"9C"yjgtg"
vjg"fctm" ¦qpgu"oc{" kpfkecvg" vjg"rtgugpeg"qh"
mature contamination. 

Figure 7. Tgukuvkxkv{"ocru0"Kpvgtrtgvgf"tgukuvkxkv{"ocr"htqo"GTV"hqt"fgrvj?"8o0"*D+"Crrctgpv"tgukuvkxkv{"ocr"htqo"
GOR0

 Table 1. Enc{"eqpvgpv"cpf"ucornkpi"fgrvj"xcnwgu"qh"vjg"engcp"uqkn"ucorngu0"Enc{"eqpvgpv"xcnwgu"
ygtg"wugf"vq"fgÝpg"vjg"igqgngevtke"dqwpfct{"dgvyggp"engcp"cpf"eqpvcokpcvgf"uqknu0

Engcp"uqkn"ucorng" Enc{"eqpvgpv"*'+" Ucornkpi"fgrvj"*o+

" 3" 6;" 808
" 4" 5:" 805
" 5" 72" 802
" 6" 59" 902



GEOFÍSICA INTERNACIONAL

APRIL - JUNE 2014      3;3

EMP data interpretation

Vjg"oczkowo"uvwf{"fgrvj"ykvj"GO53/OM4"ku"8"
o0"Eqpukfgtkpi"vjg"eqpfwevkxg"ugfkogpvu"qh"vjg"
ukvg."vjg"oczkowo"uvwf{"fgrvj"eqttgurqpfkpi."
kp"Hkiwtg"5"vq"CD14"?"34"vq"35"o."cpf"jkijgt"
xcnwgu" qh" vjg" qeewttgpeg" htgswgpe{." vjg" ┦c"
tcpig" htqo" 907" vq" ;07" Qjo0o" ku" fgÝpgf" cu"
representative of the lithological variations in 
vjg"uvwf{"ukvg"hqt"uvwf{"fgrvj"gswcn"vq"8"o0

Hkiwtg" 9D" ujqyu" vjg" crrctgpv" tgukuvkxkv{"
ocr" ikxgp" d{" vjg" GOR" ogvjqf0" Vjtgg"
ockp" *uqwvjgtp." egpvtcn." cpf" pqtvjgtp+" nqy"
tgukuvkxkv{" cpqocnkgu" *fctm" ¦qpgu." Hkiwtg"
9D+" ctg" qdugtxgf0" Vjg" uqwvjgtp" cpqocnqwu"
¦qpg" kpenwfgu" vjg" tckntqcf" ockpvgpcpeg" ctgc"
*Hkiwtg"9D+"yjgtg"uwnhwt"rqyfgt"ecp"dg"uggp"
fkurgtugf" qp" vjg" itqwpf" uwthceg0" Fwg" vq"
dkqfgitcfcvkqp"rtqeguugu."uwnhwt"ecp"ecwug"cp"
cekfke" gpxktqpogpv." yjkej" igpgtcvgu" ucnvu" kp"
vjg"uwduqkn" cpf" vjg"eqpugswgpv" nqy" tgukuvkxkv{"
cpqocn{0" Vjgtghqtg." vjg" gzkuvgpeg" qh chemical 
eqpvcokpcvkqp"ku"rquukdng"fwg"vq"vjg"rtgugpeg"
qh"uwnhwt." vjgtghqtg"tckntqcf"ockpvgpcpeg"ctgc"
yknn" dg"eqpukfgtgf"cu"eqpvcokpcvgf"d{"uwnhwt0"
Vjg"egpvtcn"cpqocnqwu"¦qpg" ku" nqecvgf"ykvjkp"
c"tgukfgpvkcn"¦qpg"*Hkiwtg"9D+."eqkpekfkpi"ykvj"
vjg"ftckpcig"u{uvgo0"Fwg"vq" ncpf"uwdukfgpeg"
kp"vjg"Xcnng{"qh"Ogzkeq."htgswgpvn{"vjg"ftckpcig"
system, consisting of concrete pipelines, is 
dtqmgp"cpf"ugycig"ngcmcigu"qeewt0"Kp"vjku"ecug."
yg"qdugtxgf"rctv"qh"vjg"ugycig"gogtikpi"qp"
vjg"vgttckp"uwthceg."tguwnvkpi"kp"nqy"tgukuvkxkv{"
cpqocn{0"Hwtvjgtoqtg."vjg"XQE"xcnwgu"kp"vjku"
¦qpg"ctg"cnoquv"¦gtq"*Hkiwtg"4+."gpuwtkpi"vjg"
cdugpeg"qh"tgegpv"j{ftqectdqp"eqpvcokpcvkqp0"
Vjgtghqtg." yg" rtqrqug" vjcv" ugycig" ku"
ecwukpi" vjku" nqy" tgukuvkxkv{" cpqocnkgu" kpukfg"
tgukfgpvkcn"¦qpg"*Hkiwtg"9D+0"Vjgug"vyq"ctgcu"
eqpvcokpcvgf" *d{" uwnhwt" cpf" ugycig+" ujqwnf"
pqv"dg"eqpukfgtgf"kp"vjg"ugvvkpi"qh"j{ftqectdqp"
eqpvcokpcvkqp""rnwogu"*ugg"¦qpg"htcogf"ykvj"
fcujgf"yjkvg"nkpg"kp"Hkiwtg"9D+0

Vjg" pqtvjgtp" cpqocn{" ¦qpg" ku" nqecvgf" kp"
vjg"ctgc"yjgtg"c"pgy"tgukfgpvkcn"¦qpg"ku"dgkpi"
dwknv."kpenwfkpi"vjg"urknn"rqkpv"*dncem"fkcoqpf."
Hkiwtg" 9D+0" Vjg" ecwug" qh" vjku" cpqocn{" ¦qpg"
ku" vjg" rtgugpeg" qh" fgitcfgf" j{ftqectdqpu"
(mature contamination).

¥qpgu"ykvj"jkij"crrctgpv"tgukuvkxkv{"xcnwgu"
kpfkecvg"vjg"cdugpeg"qh"fgitcfgf"j{ftqectdqp"
eqpvcokpcpvu" kp" vjg" uwduwthceg" cpf" vjg"
rquukdng" " rtgugpeg" qh" tgegpv" j{ftqectdqpu"
eqpvcokpcvkqp0"Jqygxgt."vjgug"jkij"xcnwgu"ctg"
kpÞwgpegf" d{" vjg" uwrgtÝekcn" nc{gt" qh" uwduqkn0"
Vjg" uwrgtÝekcn" uqkn" tgukuvkxkv{" ku" fgvgtokpgf"
not only by the clay content but also by its 

oqkuvwtg." fgrgpfkpi" qp" vjg" vqrqitcrjkecn"
gngxcvkqpu" ejcpigu." ocumkpi" vjg" tgegpv"
eqpvcokpcpvu"ghhgev0"Vjku"ku"yj{"GOR"ogvjqf."
cu"ygnn"cu"GTV."jcu"nqy"tguqnwvkqp"kp"fgvgevkpi"
htguj"j{ftqectdqpu"eqpvcokpcvkqp"rnwogu0

Kp"igpgtcn."vjgtg"ku"c"iqqf"eqttgurqpfgpeg"
dgvyggp"GTV"cpf"GOR"tgukuvkxkv{"ocru"*Hkiwtg"
9+." ujqykpi" rquukdng"okitcvkqp" tqwvgu" qh" vjg"
contaminants in the subsurface.

Integrated data map from EMP, ERT, and 
VOC results. 

Jkij" XQE" xcnwgu" *jkij" ngxgn" qh" xqncvkngu+"
kpfkecvg" vjg" rtgugpeg" htguj" eqpvcokpcvkqp" kp"
vjg" uwduwthceg0" Kp" eqpvcokpcvgf" ¦qpgu" *g0i0"
ctqwpf" qh" vjg" urknn" rqkpv+." yjgtg" nqy" XQE"
xcnwgu" *XQE" ø" 304" rro+" uwej" cu" engcp" uqkn"
ctg" qdugtxgf." nqy" tgukuvkxkv{" cpqocnkgu" *┦" ø"
607" Qjo0o+" eqpÝto" vjg" gzkuvgpeg" fgitcfgf"
contamination. Due to this, it is necessary to 
kpvgitcvg" vjg" igqgngevtke" *GTV" cpf" GOR+" cpf"
XQE" ogvjqfu" tguwnvu" kp" qtfgt" vq" fgÝpg" cpf"
to map all contamination plumes at the site 
cpf"vq"hqewu"vjg"ftknnkpi"cpf"uqkn1htgg/rtqfwev"
sampling.

Vq"ocmg"vjg"kpvgitcn"ocr."c"itkf"qh"7"'"7"
o"hqt" vjg"uvwf{"ukvg"ycu"etgcvgf."cpf"xcnwgu"
*tcvjgt"vjg"nqictkvjo"qh"vjg"xcnwgu+"qdvckpgf"d{"
gcej"ogvjqf"ygtg"kpvgtrqncvgf0"Vjg"itkf"uk¦g"ku"
gswcn"vq"vjg"uvwf{"ctgc."ykvj"cp"crrtqzkocvg"
xcnwg"qh"705"jc0"Cv"gcej"itkf"rqkpv."vjg"crrnkgf"
ogvjqfu" tgegkxg" c" ygkijv" ceeqtfkpi" vq" vjg"
kpvgtxcn"yjgtgkp"vjgkt"xcnwgu"ctg"*Vcdng"4+0

The parameters or variables that integrate 
vjg" ocr" ctg<" icu" eqpegpvtcvkqp" *XQE+" kp"
rro." vtwg" tgukuvkxkv{" *GTV+" kp" Qjo0o" cpf"
crrctgpv" tgukuvkxkv{" *GOR+" kp" Qjo0o0" Gcej"
xctkcdng." fgrgpfkpi" qp" vjg" xcnwgu" tcpig."
igpgtcvgu" c" ygkijv" *qt" fgitgg" qh" tgnkcdknkv{."
Xkl+" qh" vjg" cpqocnqwu" ¦qpg0" Vjg" qdvckpgf"
xcnwgu"qh"vjg"kpfktgev"ogvjqfu"*GTV"cpf"GOR+"
tgegkxg"ygkijvu"dgvyggp"2"cpf"7."yjkng"XQE."
eqpukfgtgf" cu" ugok/kpfktgev" ogvjqf." vjgkt"
xcnwgu"tgegkxg"c"ygkijv"tcpig"dgvyggp"2"cpf"9"
*Vcdng"4+0"Dcugf"qp"vjg"rgvtqrj{ukecn"oqfgnkpi"
rgthqtogf" kp" engcp" uqkn" ucorngu" *Vcdng" 3."
Hkiwtg"8+."vjg"GTV"kpvgtxcn"803"Qjo0o"ø"┦">36"
Qjo0o" igvu" ygkijv" 2" ukpeg" kv" ku" pqv" tgncvgf"
to the presence of neither fresh or mature 
eqpvcokpcpv" dwv" tcvjgt" ku" vjg" ugfkogpvu"
tgukuvkxkv{" tcpig" qh" vjg" ukvg." yjkng" vjg" qvjgt"
ygkijvu" xcnwgu" ctg" fkuvtkdwvgf" cu" hqnnqyu<" 5"
vq"7"cpf"3"vq"4."hqt"nqy"*jkij"tguqnwvkqp+"cpf"
jkij" *nqygt" tguqnwvkqp+" tgukuvkxkv{" cpqocnkgu."
tgurgevkxgn{0"Kp"c"ukoknct"ocppgt."dcugf"qp"vjg"
eqttgurqpfgpeg" dgvyggp" crrctgpv" tgukuvkxkv{"
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cpf" kpvgtrtgvgf" tgukuvkxkv{" ocru" *Hkiwtg" 9+."
GOR" *crrctgpv" tgukuvkxkv{+" xcnwgu" tgegkxg"
ygkijvu"3"cpf"4" vq"jkij" tgukuvkxkv{"cpqocnkgu"
cpf"5"vq"7"vq"nqy"tgukuvkxkv{"cpqocnkgu0"Vcmkpi"
kpvq"ceeqwpv" vjg" uvcvkuvkecn" fkuvtkdwvkqp"qh" vjg"
crrctgpv"tgukuvkxkv{"xcnwgu"qh"vjg"Hkiwtg"5."vjg"
kpvgtxcn"907"Qjo0o"ø"┦c">";07"Qjo0o"tgegkxgu"
ygkijv"20"Vjg"kpfgz"hqt"XQE"xctkgu"dgvyggp"3"
cpf"9"fgrgpfkpi"qp"vjg"kpetgcug"qh"XQE"xcnwg"
htqo"42"vq"39;"rro0"XQE"xcnwgu"nguu"vjcp"42"
rro"yknn"jcxg"ygkijv"2"*Vcdng"4+0

The Xkl" ecnewncvgf" hqt" gcej" ogvjqf" i, in 
gcej"itkf"rqkpv" j" ku"ownvkrnkgf"d{"c"eqghÝekgpv"
OEk"*OEXQE"?"7"hqt"XQE."OEERT

"?6"hqt"GTV"cpf"
OEGOR"?"5"hqt"GOR+0"Hkpcnn{."vjg"cxgtcig"qh"cnn"
the values resulting from the multiplication 
*kpvgitcn" rctcogvgt." KR+" ku" ecnewncvgf" d{" vjg"
gzrtguukqp<

 
IP

N
j

ij ii

N

j

j

= =∑ (X *MC )
1  

" *3+

Yjgtg<" KR
j
" Îkpvgitcn" rctcogvgt" xcnwg" qh" vjg"

itkf"rqkpv"j.
X

ij
 Îygkijv"xcnwg"ecnewncvgf"htqo"Ýgnf"xcnwg"

qh"vjg"ogvjqf"i"kp"itkf"rqkpv"j.
MC

i
 Îownvkrnkecvkqp"eqghÝekgpv"hqt"ogvjqf"i.

N
j
 ÎVqvcn"pwodgt"qh"ogvjqfu"crrnkgf"kp"itkf"

point j (N
j
 = 1, 2 or 3).

Kv" ujqwnf" dg" pqvgf" vjcv" vjg" tcpigu" cpf"
ygkijvu" kp" Vcdng" *4+" ctg" xcnkf" hqt" vjg" ukvg"
uvwfkgf"kp"vjg"rtgugpv"uvwf{0"Pgy"ukvgu"tgswktg"
c" rctvkewnct" cpcn{uku" qh" vjg" qdvckpgf" fcvc."
fgÝpkpi"pgy"tcpigu"cpf"cuukipgf"ygkijvu0

Vcdngu" 5" cpf" 6" ujqy" vjg" ecnewncvkqp"
rtqegfwtg" wukpi" gswcvkqp" *3+" kp" itkf"
rqtvkqpu" eqttgurqpfkpi" vq" vyq" uocnn" ¦qpgu"
rtgfqokpcpvn{" eqpvcokpcvgf" ykvj" htguj" cpf"
ocvwtg" j{ftqectdqpu." tgurgevkxgn{0" Pgct" vq"
ygnn" U3." vjg" ¦qpg" ykvj" htguj" eqpvcokpcpvu"
ujqyu" jkij" XQE" xcnwgu" *Vcdng" 5+." yjkng" nqy"
tgukuvkxkv{"cpf"XQE"xcnwgu"jkijnkijv"kp"vjg"¦qpg"
ykvj" fgitcfgf" eqpvcokpcpvu" nqecvgf" enqug" vq"
vjg"urknn"rqkpv"*Vcdng"6+0

The IPl"xcnwgu"ctg"ocrrgf"cpf"ujqyp"kp"Hkiwtg"
:0"Vjtgg"eqpvcokpcvkqp"rnwogu"ctg"qdugtxgf"kp"
vjg"kpvgitcvgf"ocr0

Vjg"Ýtuv"rnwog"uvctvu"cv"vjg"uqwvjyguvgtp"
eqtpgt" qh" vjg" uvwf{" ctgc" cpf" gzvgpfu" fqyp"
Ockp" Uvtggv" vq" vjg" egpvgt" qh" vjg" ukvg0" Vcmkpi"
kpvq"ceeqwpv"kvu"eqppgevkqp"ykvj"icu"uvcvkqp"cpf"
vjg"jkij"xcnwgu"qh"XQE"kp"vjku"rnwog"*rtgugpeg"
qh" htguj" j{ftqectdqpu+." yg" ecp" chÝto" vjcv"
the gas station is an active contamination 
uqwteg0" Hqwt" oqpvju" chvgt" vjg" eqorngvkqp" qh"
vjku" yqtm." cu" c" tguwnv" qh" cp" kpvgitkv{" vguvkpi"
qh" vjg" wpfgtitqwpf" uvqtcig" vcpm." c" icuqnkpg"
ngcmkpi" rqkpv" ycu" hqwpf" cpf" tgrcktgf" kp" vjg"
icu" uvcvkqp0" Vjg" ugeqpf" rnwog." nqecvgf" kp"
vjg" tgukfgpvkcn" ¦qpg" wpfgt" eqpuvtwevkqp." ku"
tgncvgf"ykvj"urknn"rqkpv."yjgtg"ogfkwo"cpf"nqy"
xcnwgu" qh" XQE" cpf" nqy" tgukuvkxkv{" cpqocnkgu"
kpfkecvg"vjg"gzkuvgpeg"fg"ocvwtg"j{ftqectdqp"
eqpvcokpcvkqp0" C" vjktf" eqpvcokpcvgf" ¦qpg"
nqecvgf" kp"vjg"egpvtcn"cxgpwg"ku"ejctcevgtk¦gf"
d{"ogfkwo"xcnwgu"qh"XQE"cpf"jkij"tgukuvkxkv{"
xcnwgu0"Vjku"¦qpg"ycu"tgncvgf"vq"vjg"dcugogpv"
qh"c"hwtpkvwtg"hcevqt{."yjkej"wugu"uqnxgpvu"cpf"
yjkvg"icu"hqt"rckpvkpi"cpf"engcpkpi"cevkxkvkgu0"
Vjg" hcevqt{" qypgt" tgeqipk¦gf" vjcv" qkn/dcugf"
rckpvu"cpf"uqnxgpvu"ctg"rqwtgf"fktgevn{"qp"vjg"
soil (personal communication).

Table 2. Ygkijv"cuukipgf"vq"gcej"xcnwg"tcpig"qdvckpgf"htqo"crrnkecvkqp"qh"vjg"GOR."GTV"cpf"
XQE"ogvjqfu0

EMP ERT VOC

" ┦"kpvgtxcn" Ygkijv" ┦"kpvgtxcn" Ygkijv" XQE"kpvgtxcn" Ygkijv
 (Ohm.m) (X

ERT
) (Ohm.m) (X

EMP
) (ppm) (X

VOC
)

" ┦
a
">"605" 7" ┦">"504" 7" XQE">"42" 2

" 605"ø"┦
a
">"70;" 6" 504"ø"┦">"607" 6" 42"ø"XQE">"4:" 3

" 70;"ø"┦
a
">"907" 5" 607"ø"┦">"803" 5" 4:"ø"XQE">"59" 4

" 907"ø"┦
a
">";07" 2" 803"ø"┦">"3602" 2" 59"ø"XQE">"6;" 5

" ;07"ø"┦
a
">"3502" 3" 3602"ø"┦">"3;02" 3" 6;"ø"XQE">"89" 6

" ┦
a
"œ"3502" 4" ┦"œ"3;02"" 4" 89"ø"XQE">";2" 7

" " " " " ;2"ø"XQE">"342" 8
" " " " " XQE"œ"342" 9
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Table 4."Ecnewncvkqp"qh"KR"kp"c"rqtvkqp"qh"vjg"itkf"ctqwpf"vjg"urknn"rqkpv."yjgtg"ocvwtg"eqpvcokpcvkqp"
ku"ejctcevgtk¦gf"d{"nqy"tgukuvkxkv{"cpf"XQE"xcnwgu0

Table 3."Ecnewncvkqp"qh"KR"kp"c"rqtvkqp"qh"vjg"itkf"ctqwpf"vjg"ygnn"U3."yjgtg"vjg"tgegpv"eqpvcokpcvkqp"
ku"ockpn{"ejctcevgtk¦gf"d{"jkij"XQE"xcnwgu0

Verifying indirect results

Ukpeg" dgp¦gpg." vqnwgpg." gvj{ndgp¦gpg." cpf"
z{ngpgu" *DVGZ+" ctg" uqog" qh" vjg" ockp" XQE"
hqwpf" kp" rgvtqngwo" fgtkxcvkxgu" uwej" cu"
icuqnkpg="yg"rgthqtogf"c"ogcuwtgogpv"qh"vjg"
concentrations of each of their constituents in 
qtfgt"vq"xgtkh{"vjg"cpqocnkgu0"DVGZ"eqorqwpfu"
ctg" pqvqtkqwu" fwg" vq" vjg" eqpvcokpcvkqp" qh"
uqkn" cpf" itqwpfycvgt" d{" icuqnkpg" *GGC."
4232+0" Eqpvcokpcvkqp" v{rkecnn{" qeewtu"
pgct" rgvtqngwo" cpf" pcvwtcn" icu" rtqfwevkqp"
ukvgu." rgvtqn" uvcvkqpu." cpf" qvjgt" ctgcu" ykvj"
wpfgtitqwpf" qt" cdqxg/itqwpf" uvqtcig" vcpmu."
eqpvckpkpi" icuqnkpg" *GGC." 4232+0" Vjgtghqtg."
vjgug" eqorqwpfu"okijv" dg" iqqf" kpfkecvqt" qh"
recent contamination by gasoline. Although 
DVGZ"tcvkq"ygtg"qdvckpgf"vq"vjku"rwtrqug."kv"ku"
cempqyngfig"vjcv"kphgttkpi"vjg"cig"qh"c"tgngcug"
dcugf" qp" DVGZ" tcvkqu" cnqpg" eqwnf" dg" c" xcnkf"
crrtqcej" qpn{" kp" ygnn" eqpuvtckpgf" ukvwcvkqpu."
fwg"vq"vjg"tcvg"qh"ejcpig"qh"vjg"icuqnkpg"DVGZ"
tcvkq"ku"chhgevgf"d{"ocp{"ukvg/urgekÝe"xctkcdngu0"
Cpqvjgt"tgcuqp"vq"ogcuwtg"DVGZ"kp"c"icuqnkpg"
eqpvcokpcvkqp" gxgpv" ycu" vq" eqorn{" ykvj" vjg"
ewttgpv"Ogzkecp"tgiwncvkqp"*UGOCTPCV."4227+0

Kp"cffkvkqp"vq"DVGZ."nkijv"qkn"htcevkqp"*NQH+"
ycu"ogcuwtgf0"NQH"vgto"tghgtu"vq"cnn"xqncvkng"

eqorqwpfu" yjkej" eqxgt" vjg" tcpig" qh" ectdqp"
atoms from C7 to C32. The measurement of 
vjku" htcevkqp" ycu" rgthqtogf" vq" eqorngogpv"
vjg" ogcuwtgogpv" qh" cnn" xqncvkng" eqorqwpfu"
that may be present on the site, complying 
ykvj" ewttgpv" Ogzkecp" tgiwncvkqp" qp" uqkn"
contamination.

Soil LOF Analysis

Wukpi" vjg" kpvgitcvgf" ocr" *Hkiwtg" :+." vjg"
ftknnkpi"cevkxkvkgu"ygtg"eqpfwevgf"vq"vjg"urgekÝe"
eqpvcokpcvgf"ctgcu0"Wukpi"c"Igqrtqdg"U{uvgo"
*Hkiwtg"7+."ukz"oqpkvqtkpi"ygnnu"ygtg"ftknngf"wr"
vq"32"o"qh"fgrvj"kp"uvtcvgike"cpf"vqrqitcrjke"
tgngxcpv"rqkpvu."vcmkpi"kpvq"ceeqwpv"vjg"wtdcp"
kphtcuvtwevwtg" cpf" vjg" ceeguu" ngxgn" vq" gcej"
rqkpv0"Vygpv{"vyq"uqkn"ucorngu"*Vcdng"7+"ygtg"
eqnngevgf" kp" oqpkvqtkpi" ygnnu" U3/U7" cpf" Uz, 
*Hkiwtg":+0"Vjg"cpcn{vkecn" tguwnvu" tgxgcngf"cp"
kttgiwnct"fkuvtkdwvkqp"qh"NQH"fgrgpfkpi"qp"vjg"
fgrvj" tcpigu" htqo" dgnnqy" vjg" fgvgevkqp" nkokv"
vq" 33534"oi1mi0" Vjg"oczkocn" eqpegpvtcvkqp"
*33534" oi1mi+" qh" vjg" ukvg" ycu" fgvgevgf" kp"
S6" kp" vjg" kpvgtxcn" qh" fgrvj" 5" vq" 6"o0" Kp"ygnn"
S3."c"eqpegpvtcvkqp"xcnwg"qh"355:"oi1mi"ycu"
fgvgtokpcvg"hqt"kpvgtxcn"qh"fgrvj";07"vq"32"o."
eqttgurqpfkpi"vq"vjg"IYV"fgrvj"kp"vjg"uqwvjgtp"
gpf"qh"vjg"ukvg0"Qvjgt"pqvkegcdng"eqpegpvtcvkqp"

X Y EMP ERT VOC X
EMP

* X
ERT 

X
VOC

* N IP
   data data data MC

EMP
 MC

ERT
  MC

VOC
  

" 862" 472" :03" ///" 207" 2" 2" 2" 4" 202
" 862" 477" :03" 803" 209" 2" 34" 2" 5" 602
" 862" 482" :03" 60:" 20;" 2" 38" 2" 5" 705
" 862" 487" :03" 504" 302" 2" 42" 2" 5" 809
" 862" 492" :04" 505" 304" 2" 42" 2" 5" 809
" 862" 497" :04" 602" 303" 2" 38" 2" 5" 705

 X Y EMP ERT VOC X
EMP

* X
ERT 

*
 

X
VOC

* N IP
   data data data MC

EMP
 MC

ERT
  MC

VOC
  

" 7:2" 3;2" 3402" 903" ///" 5" 2" 2" 4" 307
" 7:2" 3;7" 3204" 904" 30:" 5" 2" 2" 5" 302
" 7:2" 422" :08" 903" ;:0;" 2" 2" 52" 5" 3202
" 7:2" 427" 908" 606" 39202" 2" :" 57" 5" 3605
" 7:2" 432" 908" 40:" 480:" 2" 38" 7" 5" 902
" 7:2" 437" 907" 607" ///" ;" :" 2" 4" 602
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xcnwg" *:56" oi1mi+" ycu" fgvgtokpcvg" kp" ygnn"
S4" *Vcdng" 7+0" Qp" vjg" qvjgt" jcpf." vjg"ygnn" Uz 
ujqyu"ukipkÝecpv"xcnwg"*4293"oi1mi+"qh"NQH"kp"
ucorng"qh"uqkn"eqnngevgf"pgct"vq"itqwpf"uwthceg"
*fgrvj"\304"o+."cu"gxkfgpeg"qh"eqpvcokpcvkqp"
d{" j{ftqectdqpu" rqwtgf" qp" vjg" vgttckp0" NQH"
ycu"xgt{"nqy"kp"ygnnu"U5"cpf"U7"*Vcdng"7+0

BTEX analysis in FP samples 

Qpg"qh"vjg"cig/fcvkpi"ogvjqfu"wugu"dgp¦gpg"
rnwu" vqnwgpg" vq" gvj{ndgp¦gpg" rnwu" z{ngpgu"
tcvkqu"*D-V1G-Z+0"Wug"qh"vjku"tcvkq"okpkok¦gu"
wpegtvckpvkgu"tgncvgf"vq"jkuvqtkecn"xctkcvkqpu"kp"
DVGZ" eqorqukvkqp" qh" ocpwhcevwtgf" icuqnkpg"
cpf" rtqxkfgu" c" xcnwcdng" vqqn" hqt" oqpkvqtkpi"
gpxktqpogpvcn"ejcpigu"kp"c"fkuuqnxgf"icuqnkpg"
rnwog"ykvj"vkog"*Uvqwv"et al0."4224+0"Cnvjqwij"
vjg"tcvg"qh"ejcpig"qh"vjg"icuqnkpg"DVGZ"tcvkq"
ku" chhgevgf" d{" ocp{" ukvg/urgekÝe" xctkcdngu."
kphgttkpi" vjg"cig"qh"c" tgngcug"dcugf"qp"DVGZ"
tcvkqu"cnqpg"eqwnf"dg"c"xcnkf"crrtqcej"qpn{"kp"
ygnn"eqpuvtckpgf"ukvwcvkqpu0

Vjg"ucorngu"qh"htgg"rtqfwev"HR3"cpf"HR4"eqnngevgf"
kp"ygnn"U3"cpf"tgeqnngevkqp"vtgpej."tgurgevkxgn{"
*Hkiwtg":+."fkf"pqv"rtgugpv"ukipkÝecpv"ejcpigu"
kp"vjg"D-V1G-Z"tcvkq"*Hkiwtg";+0"Qdugtxcvkqpu"
tgxgcngf" vjcv" hwgnu" eqnngevgf" kp"oqpkvqtkpi"U3 
ygtg" htgujn{" tgngcugf"rtqfwevu"d{"eqpvkpwqwu"
ngcmkpi." cu" pqvgf" cdqxg0" Vjku" eqwnf" eqpÝto"
vjcv"vjg"htgg"rtqfwev"Þwkf"tcrkfn{"okitcvgf"vq"
vjg"IYV0"Hwtvjgt"yqtm"ku"pggfgf"vq"cpcn{ug"kh"
ejgokecn"uwduvcpvkcn"cnvgtcvkqp"qeewttgf"fwtkpi"
its vertical migration into the soil or it may have 
tgockpgf"kp"c"tgncvkxgn{"wpcnvgtgf"uvcvg0

DVGZ" tcvkq" qh" htgg/rjcug" icuqnkpg" ucorng"
HR5." eqnngevgf" kp" vjg" urknn" rqkpv" *Hkiwtg" :+"
tgcejgf"c"xcnwg"qh"2054."cu"ujqyp"kp"Hkiwtg";0"
Vjg"ukipkÝecpv"fgetgcug"qh"DVGZ"tcvkq"qp"htgg/
rjcug" kp" ucorng" HR5" kornkgu" c"ygcvjgtkpi" d{"
uqnwdknkucvkqp."ycvgt"ycujkpi"qt"dkqfgitcfcvkqp"
rtqeguu0"Ygcvjgtkpi"cpf"DVGZ"tcvkqu"korn{"vjcv"
icuqnkpg"ycu"vtcpurqtvgf"vq"vjg"ycvgt"vcdng"cpf"
fkf"pqv"wpfgtiq"uwduvcpvkcn"cnvgtcvkqp"fwtkpi"kvu"
xgtvkecn"okitcvkqp"kp"vjg"uqkn0"Jgpeg."c"vjkp"nc{gt"
qh"htgg"rtqfwev"ycu"ecttkgf"vjtqwij"ucpf"ngpugu"
to the impermeable clay stratum. Therefore, 
yjgp" cfxcpegf" cnvgtcvkqp" qh" vjg" rcvvgtp" jcu"
qeewttgf" fwg" vq" gpxktqpogpvcn" gzrquwtg." kv"
ku" fkhÝewnv" vq" guvkocvg." d{" eqorqukvkqp" qh" vjg"
htgg/rjcug."yjgp"vjg" hwgn"ycu"tgngcugf0"Ngcf"
cpf"ngcf"cnm{nu"ygtg"cdugpv"kp"vjg"htgg/rjcug"
ucorng." cpf" ku" yqtvj" pqvkpi" vjcv" tgiwnct"
wpngcfgf"icuqnkpg"ycu"kpvtqfwegf"kp"3;;40

Dcugf"qp"vjg"tguwnvu"qdvckpgf"htqo"kpvgitcn"
ocr"*Hkiwtg":+"cpf"DVGZ"cpcn{uku"qh"HR"ucorngu"
*Hkiwtg" ;+." vjtgg" eqpvcokpcvgf" rnwogu" ctg"
ejctcevgtk¦gf"cpf"ujqygf"kp"Hkiwtg"320

Rnwog" K0" ÐTgegpv" KpÝnvtcvkqp" ¥qpgÑ."
eqttgurqpfu" vq" vjg" oquv" tgegpv" ngcmcig" qh"
tgiwnct"wpngcfgf"icuqnkpg0"Vjg"ejctcevgtkuvkeu"
qh"vjg"ygcvjgtkpi"rtqeguugu"*gxcrqtcvkqp"cpf"
uqnwdknk¦cvkqp+"ctg"pqv"ukipkÝecpv"kp"vjg"uqkn"cpf"
HR"ucorngu0"Vjg"eqpvcokpcvgf"rnwog"K"ctgc"ku"
34:2"o4."ykvj"c" vjkempguu"ceeqtfkpi"qp"ucpf"
nc{gt"vjkempguu0

Rnwog"KK0"FgÝpgf"cu"Ðuqkn"eqpÝpgf"icuqnkpg"
¦qpgÑ0" Kv" ycu" eqpvcokpcvgf" d{" tgiwnct"
wpngcfgf" icuqnkpg" tgngcugf" ykvjkp" vjg" ncuv"
qpg" vq" Ýxg" {gctu." dcugf" qp" vjg" DVGZ" tcvkq"
cpcn{uku"kp"HR"ucorngu0"Kv"ujqygf"c"ygcvjgtkpi"
rtqeguu" kpenwfkpi" gxcrqtcvkqp." uqnwdknkucvkqp."
cpf" dkqfgitcfcvkqp" hqt" c" nqpi" vkog" kp" c" nqy"
rgtogcdknkv{" uqkn" nc{gt0" J{ftqigqnqi{" Ýgnf"
cpcn{uku"kfgpvkÝgf"ucpf"ngpugu"eqpÝpgf"kp"nqy"
rgtogcdknkv{" uqkn" nc{gtu." vjg" tgngcugf"icuqnkpg"
eqwnf" dg" vtcrrgf" kp" c" eqpÝpgf" ucpf" ngpu" hqt"
{gctu0"Jqygxgt."ukvg"cuuguuogpv"yqtm"fkf"pqv"
rtqxkfg" j{ftqigqejgokecn" kphqtocvkqp" htqo"
yjkej"tgnkcdng"guvkocvkqpu"cdqwv"urknn"cig"eqwnf"

Table 5."Uqkn"NQH"eqpegpvtcvkqp"cpf"ucornkpi"
fgrvj"xcnwgu0"Itg{"tqyu"ujqy"vjg"oczkocn"

NQH"eqpegpvtcvkqpu"hqt"gcej"ygnn0

Ygnn" Z" [" NQH" Ucornkpi
   (ppm) Depth

S3" 7:;" 42:" 89:" 7072"/"8022"o
" " " 355:" ;072"/"32022"o

" " " 72" 202"/"4022"o
" " " :56" 4022"/"5022"o
" " " 528" 5022"/"6022"o
S4" 842" 489" 363" 6022"/"7022"o
" " " 84" 7042"/"70:2"o
" " " 87" 8022"/"8052"o
" " " DFN" 80:2"/"9022"o

S5" 876" 4:3" 72" 202"/"50:2"o"
" " " 73" 8022"/"9022"o"

" " " 5:" 3072"c"30;2"o
" " " DFN" 4022"/"5022"o
S6" 843" 467" 33534" 5022"/"6022"o
" " " 552" 6022"/"7022"o
" " " :8" 7022"/"8022"o

" " " 66" 5022"/"6022"o
S7" 8520;" 4750:" 77" 6022"/"7022"o
" " " 55" 7022"/"80:2"o

" " " 4293" 5037"/"6022"o
Sz" 838" 4;6" 523" 6022"/"6062"o
" " " 49;" 6062"/"7022"o
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Figure 9."DVGZ"tcvkq"qh"htgg/rjcug"icuqnkpg"ucorngu0

Figure 8."Kpvgitcvgf"fcvc"ocr"htqo"kpfktgev"ogvjqfu0 
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dg"ftcyp"dcugf"qp"vjg"DVGZ"tcvkqu0"Vjg"rnwog"
KK"ctgc"ku"3374"o4."ykvj"c"xqnwog"ceeqtfkpi"vq"
ucpf"ngpu"vjkempguu"*\"207"o+.

Rnwog"KKK0"¥qpg"ejctcevgtk¦gf"d{"c"v{rg"qh"
j{ftqectdqp" fkhhgtgpv" vq" vjg" tgiwnct" icuqnkpg"
hqwpfgf" kp"rnwogu" K" cpf" KK0" Vjg" eqorqukvkqp"
qh"icuqnkpg"hqwpf"kp"vjg"ujcnnqygt"rctv"qh"vjg"
uwduwthceg"*fgrvj"\304"o+"ycu"ukoknct"vq"Ðyjkvg"
icuÑ0" Dgecwug" qh" vjg" ejgokecn" eqorqukvkqp."
ygcvjgtkpi" ejctcevgtkuvkeu." eqpvcokpcpv"
vtcpurqtv." cpf" j{ftqectdqpu" eqpegpvtcvkqp" kp"
uqknu" cnqpi" vjg"oqpkvqtkpi"ygnn" Uz, plume III 
ycu"eqpukfgtgf"cp"kuqncvgf"gxgpv."pqv"tgncvgf"
ykvj"vjg"qvjgt"vyq"rnwogu."eqxgtkpi"c"382"o4 
area. 

The sum of the areas of each contamination 
rnwogu" ku" 47;4" o4." yjkej" cnoquv" tgrtgugpv"
7'"qh"vjg"uvwf{"ctgc"*705"jc+."fgoqpuvtcvkpi"
vjg" dgpgÝv" qh" wukpi" kpfktgev"ogvjqfu" hqt" vjg"
qrvkok¦gf" ugngevkqp" qh" ftknnkpi" rqkpvu" cpf" uqkn"
ucornkpi"fgrvju0

Conclusions

Vjg"kpfktgev"*GTV."GOR"cpf"XQE+"ogvjqfu"ctg"
ghÝekgpv" vqqnu" hqt" uvwf{kpi" vjg" j{ftqectdqpu"
eqpvcokpcvgf" ukvgu." tgfwekpi" vjg" pwodgt" qh"
ftknnkpi" cpf" uqkn" ucorngu0" Vjg" jkij" xcnwgu" qh"
XQE" ocrrgf" vjg" rtgugpeg" qh" htguj" icuqnkpg"
kp" vjg" uwduqkn" cpf" uwiiguvgf" vjcv" vjg" icu"
uvcvkqp" nqecvgf" cv" vjg" uvwf{" ukvg" ku" cp" cevkxg"
eqpvcokpcvkqp"uqwteg0"Ncvgt."htqo"cp"kpvgitkv{"
vguvkpi."c"icuqnkpg"ngcmkpi"rqkpv"ycu"hqwpf"kp"
vjg"wpfgtitqwpf"uvqtcig"vcpm"qh"vjg"icu"uvcvkqp0"
Jqygxgt." vjg"eqpukfgtcdng"fgitcfcvkqp"qh" vjg"

tgiwnct" icuqnkpg" hqwpfgf" kp" vjg" uwttqwpfkpi"
eqpuvtwevkqp" ctgc" kpfkecvgu." cv" ngcuv." vjg"
gzkuvgpeg"qh"c"rtgxkqwu"eqpvcokpcvkqp"gxgpv0

Vjg" icu" uvcvkqp" ku" vqrqitcrjkecnn{" nqecvgf"
cv"cp"wr"itcfkgpv"htqo"vjg"urknn"rtgugpv"kp"vjg"
nearby apartment construction. Therefore, 
icuqnkpg" tgngcugf" htqo" dwtkgf" rkrgnkpg" yqwnf"
okitcvg" vqyctf" vjg" crctvogpv" eqpuvtwevkqp"
ctgc0"Ocvwtg"eqpvcokpcvgf"¦qpgu"ygtg"fgÝpgf"
d{" GTV" cpf" GOR" ogvjqfu" cu" nqy" tgukuvkxkv{"
cpqocnkgu0" Vjg" GTV." GOR" cpf" XQE" tguwnvu"
ygtg" kpvgitcvgf" qp" c"ocr." cnnqykpi" vjg" Ýpcn"
eqpÝiwtcvkqp"qh"eqpvcokpcvkqp"rnwogu"cpf"vjg"
qrvkok¦cvkqp" qh" ftknnkpi" cpf" uqkn1htgg/rtqfwev"
sampling.

Vjg" chhgevgf" ctgc" d{" j{ftqectdqpu" ecp"
dg" ugrctcvgf" kp" vjtgg" rnwogu" ykvj" fkhhgtgpv"
v{rg" qh" eqpvcokpcpvu<" Rnwog" K." ykvj" tgegpv"
tgngcug"qh"tgiwnct"icuqnkpg."yjkej"ku"eqppgevgf"
ykvj" vjg" icu" uvcvkqp" cu" cevkxg" eqpvcokpcvkqp"
uqwteg=" Rnwog" KK" eqttgurqpfu." ceeqtfkpi" vq"
igqgngevtkecn" cpf" DVGZ" cpcn{uku" tguwnvu." vq"
ocvwtg" *ygcvjgtkpi" cpf" dkqfgitcfcvkqp+"
j{ftqectdqpu" eqpvcokpcvkqp" fwg" vq" tgiwnct"
wpngcfgf"icuqnkpg"tgngcugf"ykvjkp"vjg"ncuv"qpg"
vq"Ýxg"{gctu="cpf"c"uocnn"Rnwog"KKK."pqv"tgncvgf"
ykvj" vjg"qvjgt" vyq"rnwogu"ogpvkqpgf"cdqxg."
ecwugf"d{"rqwtkpi"qh" uqnxgpvu" cpf"yjkvg" icu"
on soil. 

Vjku" uvwf{" ujqyu" vjg" cfxcpvcigu" qh" lqkpv"
crrnkecvkqp" qh" GTV." GOR" cpf"XQE"ogvjqfu" kp"
ukvgu" ykvj" cp" cevkxg" eqpvcokpcvkqp" uqwteg."
yjgtg" vjg" gzkuvgpeg" qh" tgegpv" cpf" ocvwtg"
eqpvcokpcpvu"kp"uwduqkn"ku"uwurgevgf0

Figure 10."Ocr"qh"j{ftqect/
bons contamination plumes.
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