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Yoénetici Ozeti

Anahtar Kelimeler

Toprak Gazi/Buhari Cikarma, Sirdirilebilir iyilestirme, Toprak, Yeralti Suyu, Toprak Politikasi,
lyilestirme, Cevre, Net arazi alimi olmamasi, Kirlilik, Kirlenmis tesisler, Kirlenme, Kirlenmis sahalar,
izleme, Saha testi.

Hedef Gruplar
lyilestirme teknolojisi onayi/uygulamasi/izlenmesi icin yetkili makamlar, endiistriyel operatérler,
¢evre koruma kurumlari, doga koruma kuruluslari, cevre mifettislikleri, cevre izleme ve arastirma
kurumlari, teknik Gniversiteler, cevre dernekleri, STK'lar, sigorta sirketleri ve dernekleri, ¢evre
danismanlari.

2020 Galisma Programinin bir pargasi olarak, IMPEL Agi, iyilestirme teknolojilerinin uygulanabilirligini
degerlendirme kriterleri ile ilgili olarak bu Su ve Arazi lyilestirme (Water and Land Remediation
2020/09) projesini kurdu.

Su ve Arazi lyilestirme projesi, iyilestirme teknolojisi uygulamasinin tanimlari ve temel adimlari
hakkinda bir sicrama tahtasi olarak rehberlik eder ve iyilestirme teknolojileriyle baglantilh teknik
prosedirlere odaklanir. Projenin nihai amaci, iyilestirme teknolojisi uygulama Onerisinin
degerlendirilmesi icin kriterleri kanitlayan, uygulanabilirligini, saha testlerinde ne vyapilmasi
gerektigini ve tam oOlgekli uygulamada bir belge Uretmektir. Ek 1, okuyucunun karsilasabilecekleri
herhangi bir sorunu tahmin etmesine ve saglanan ¢6ziimin kendi sahasi icin gecerli olup olmadigini
gormesine yardimci olabilecek, her kontamine alanin digerlerinden farkh oldugunu ve sahaya 6zel bir
yaklasima ihtiyac duyuldugunu bilerek bir dizi vaka calismasini kapsar.

2020-2021 icin Su ve Arazi lyilestirme projesinin amaci, Yerinde Kimyasal Oksidasyon(ISCO) ve Toprak
Gazl Ekstraksiyonu(SVE) olmak (izere iki iyilestirme teknolojisine odaklanmakti.

Son olarak, Su ve Arazi lyilestirme projesi, toprak ve yeralti suyu icin yerinde ve yerinde iyilestirme
teknolojilerinin uygulanmasini ve Avrupa'da yaygin olarak kullanilan ancak Avrupa'da strdirilebilir
olmayan Kazi ve Bosaltma ve Pompala ve Aritma tekniklerinin daha az uygulanarak orta-uzun vadeli
olarak katkida bulunmayi amaclamaktadir. Toprak ve su dogal kaynaklardir ve teknik olarak mimkin
oldugunda israf edilmeden geri kazaniimalidir.




Tesekkiirler

Bu rapor, daha genis bir IMPEL proje ekibi ve IMPEL Su ve Arazi Uzman Ekibi, ORTAK FORUM agi,
NICOLE agi, EIONET WG Kontaminasyon ve bir grup harici uzman kisiler tarafindan gbzden
gecirilmistir.

Sorumluluk Reddi

Bu yayin, Kirlenmis Arazi Yonetimi ile ilgilenen ortak aglarin destegiyle IMPEL Su ve Arazi lyilestirme projesi
kapsaminda hazirlanmistir. Bir yazarlar ekibi tarafindan yazilan ve gézden gegirilen bu belge, AB Ulkeleri ve
bolgeleri arasinda kopri kurmak, bilgiyi genisletmek icin birincil bilgi kaynagl olarak hizmet etmeyi
amaclamaktadir. Ortak bir anlayisa destek saglamayl amaclarken, iyilestirme teknolojisinin potansiyellerini de
spesifik olarak kolaylastirmaya ¢alismaktadir.

Burada rapor edilen igerik, ilgili kaynakca, yazarlarin deneyimi ve toplanan vaka incelemelerine dayanmaktadir.
Belge, bu teknolojinin uygulandigl veya uygulanacagl tim durumlarda kapsamli olmayabilir. Vaka calismalari
(bkz. ek) gonalli katkilar olarak kabul edilir. Yazarlar ekibinin vaka ¢alismasi raporlarini degerlendirmek veya
dogrulamak gibi bir gorevi yoktur.

Ayrica bazi Ulkeler, bolgeler veya yerel makamlar, teknoloji uygulamalarini gercevelemek igin belirli mevzuat,
kurallar veya yonergeler baslatmis olabilir, bu uygulanabilmektedir.

Bu belge, bu teknoloji icin bir kilavuz veya Uygulanabilir En lyi Teknoloji Referans Belgesi olarak
tasarlanmamistir. Avrupa genelinde kirlenmis alanlarin pedolojik, jeolojik ve hidrojeolojik ayarlari genis bir
degiskenlik gostermektedir. Bu nedenle, kisiye 6zel sahaya 6zel tasarim ve uygulama, kontamine alanlarin
iyilestirilmesinde basarinin anahtaridir. Dolayisiyla bildirilen herhangi bir tavsiye uygulanabilir, kismen
uygulanabilir veya uygulanmayabilir. Her durumda, yazarlar, katkida bulunanlar, ilgili aglar sorumlu tutulamaz.

Bu belgede ifade edilen gorisler, mutlaka asagida imzasi bulunan aglarin bireysel lGyelerine ait degildir. IMPEL
ve ortak aglar, teknolojiyi pratikte uygulamakla ilgilenen bireylerin/kuruluslarin deneyimli cevre
profesyonellerinin hizmetlerini sirdlirmelerini siddetle tavsiye etmektedir.

Marco Falconi — IMPEL

Dietmar Miiller Grabherr — COMMON FORUM on Contaminated Land in Europe
Frank Swartjes — EEA EIONET WG Contamination

Tomas Albergaria — NICOLE



Terimler

TERIM ACIKLAMA KAYNAK PARAGRAF
‘uyum noktasl’ degerlendirme kriterlerinin 6lgllecegi ve ISO EN 11074 3.4.5
asllmayacagi yer (6rnegin, toprak veya yeralti
suyu)
‘uyum veya Bir iyilestirme stratejisinin uygun sekilde ISO EN 11074 6.1.5
performans uygulandigini (6rnegin, tiim kirleticilerin ortadan
kontroll’ kaldirildigini) ve/veya bir sinirlama yaklasiminin
benimsendigini, bunun belirtilen seviye
“w: sl
kirletici Insan faaliyetleri sonucu toprakta bulunan ISO EN 11074 3.4.6
madde(ler) veya ajan(lar)
‘kirlenmis saha’? Kontaminasyonun/kirliligin mevcut oldugu ISO EN 11074 2.35
saha/yer/alan
‘kirlilik’ Insan faaliyetleri sonucu toprakta bulunan ISO EN 11074 2.3.6
madde(ler) veya ajan(lar)
‘verimlilik’® <iyilestirme yontemi> bir iyilestirme yonteminin ISO EN 11074 6.1.6
gerekli bir performansi elde etme yeteneginin
Olglist
‘emisyon’ Minferit veya daginik kaynaklardan havaya, suya | I[ED Art. 3 (4)
veya topraga dogrudan veya dolayli olarak madde,
titresim, 1s1 veya glriltli salinimi
‘cevresel kalite Birlik hukukunda belirtildigi gibi, belirli bir cevre IED Art. 3 (6)
standard/’ veya bunun belirli bir b6lim{ tarafindan belirli bir
zamanda yerine getirilmesi gereken gereksinimler
dizisi;
‘Henry katsayisl’ toprak havasi ve toprak suyu arasindaki béime ISO EN 11074 3.3.12
katsayisi
‘yverinde iyilestirme | Kirlenmis matrisi topraktan ¢ikarmadan dogrudan |ISO EN 11074 6.2.3
metodu’ * islenen gcevresel ortama (6rnegin toprak, yeralti
suyu) uygulanan aritma yontemi
‘sizma’ Cozlinen maddelerin sui le ¢bzlilmesi ve hareketi | ISO EN 11074 3.3.15
! Bu tanimda, kontaminasyonun varligindan kaynaklanan zararlar varsayimi yoktur.
2 Bu tanimda, kontaminasyonun varligindan kaynaklanan zararlar varsayimi yoktur.]
3 Prosese dayali ydntem s6z konusu oldugunda, etknlik, elde edilen kalinti, kirletici konsantrasyonlari cinsinden ifade edilebilir.
4

Not: ISO CD 241212 es anlami olarak sunu 6nerir: ‘in-situ (remediasyon) teknigi’
kirleticiyi aritma eyleminin dogrudan yeraltina uygulanmasi amaglanir.]

[Giris i¢in not 1: Bu tir iyilestirme kurulumu sahada yapilir ve
ISO CD 24212 31




‘kirletici/kirleten
madde’

Toprakta (veya yeralti suyunda) bulunan ve
ozellikleri, miktari veya konsantrasyonu nedeniyle
toprak fonksiyonlari izerinde olumsuz etkilere
neden olan madde(ler) veya ajan(lar)

ISO EN 11074

3.4.18

‘kirlilik’

insan faaliyeti sonucunda, insan sagligina veya
cevrenin kalitesine zararl olabilecek, maddi
milkiyete zarar verebilecek veya zarar verebilecek
maddelerin, titresimlerin, 1sinin veya giriltinin
havaya, suya veya topraga dogrudan veya dolayli
olarak girmesi veya ¢evrenin olanaklarina ve diger
mesru kullanimlarina miidahale etmek;

IED

Art. 3 (2)

‘iyilestirme hedefi’

teknik (Or. artik kontaminasyon konsantrasyonlari,
miihendislik performansi), idari ve yasal
gereklilikler ile ilgili olanlar da dahil olmak lzere
herhangi bir amacg icin genel terim

ISO EN 11074

6.1.19

‘remediation/
iyilestirme
stratejisi’®

kontaminasyonla ilgili belirli hedefleri (6rnegin
artik kirletici konsantrasyonlari) ve diger hedefleri
(6rnegin miihendislikle ilgili) karsilayacak ve
sahaya 6zgi kisitlamalarin Ustesinden gelecek
iyilestirme yontemleri ve ilgili calismalarin
kombinasyonu

ISO EN 11074

6.1.20

‘iyilestirme hedef
degeri’

lyilestirme ile elde edilecek performansin
gostergesi, genellikle kalinti konsantrasyonu
acisindan kontaminasyonla ilgili amag olarak
tanimlanir.

ISO EN 11074

6.1.21

‘doymus bolge’

Go6zetim aninda gézenek boslugunun tamamen
sivi ile dolu oldugu zemin bolgesi.

ISO EN 11074

3.2.6

‘toprak’

ana kaya ile ylizey arasinda yer alan yerkabugunun
en Ust tabakasi. Toprak, mineral parcaciklar,
organik madde, su, hava ve canli organizmalardan
olusur;

IED

Art. 3 (21)

‘toprak gaz!’

Topragin gozenek ve bosluklarindaki buhar/gaz

ISO EN 11074

2.1.13

‘doymami bolge’

GoOzetim aninda gézenek boslugunun tamamen
sivi ile doldurulmadigi zemin bolgesi.

ISO EN 11074

3.2.8
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Yéntemlerin segimi, topografya, jeoloji, hidrojeoloji, tagkin egilimi ve iklim gibi cesitli sahaya 6zgu faktorler tarafindan kisitlanabilir.




ICIN

DEKILER TABLOSU

1 GiRiS
1.1 TOPRAK GAZI/BUHARI EKSTRAKSIYONU (SVE) Yéntemi Gegmisi Hakkinda
1.2  Toprak Gaz Ekstraksiyonu (SVE) Uygulanabilirligi
1.3 TOPRAK GAZI EKSTRAKSIYONU (SVE) Uygulanmasi

2 TEKNIiGiN ACIKLAMASI

2.1
2.2
23
2.4
2.5

Genel Proses Agiklamasi

Sistem Teknigi ve Bilegenleri
Kirleticilerin Aritilabilirligi
Jeolojik Ortamin Dikkate Alinmasi

Sistemi Tasarlamak icin Hususlar

3 FiziBiLITE CALISMASI

3.1
3.1.1
3.1.2
3.13
3.14
3.1.5
3.1.6
3.1.7

3.2

33

Saha Kosullari ve Kavramsal Saha Modeli
Kirlenmenin Dogasi ve Kapsami
Kaynagin Geometrik Karakteristigi
Suyla Karismayan Sivi Tehlikeli Kimyasal Maddenin (NAPL)’nin Mevcudiyeti
Toprak Gazi Arastirmasi Sonucu
Hava Gegirgenligi
Heterojenlikler ve Tercihli Ulasim Yollari
Topografya
SVE iyilestirme Tasariminda Sinama-Olgek Testinin Kullanimlari

SVE Fizibilite Degerlendirmesi

4 ARAZi DENEYLERI

4.1
4.1.1
4.1.2
4.1.3

4.2

4.3

4.4

4.5

4.6

4.7

Geleneksel /Bilinen Pilot Test
Geleneksel Pilot Test Ekipmanlari
TGE’de artan vakum basamagi testi
TGE Sabit Vakum Testi
Helyum Dagilimi ve Geri Kazanimi Testi
Toprak Gazi izlemesi
TGE arazi denemesi igin minimum olmasi gereken ekipmanlar
Ekstraksiyon Kuyusu
Pilot Test Onerisi - Minimum Basvuru Gereklilikleri

Pilot Test Alternatifi

10

10
10
11
12

12
12
13
13
14
17

17
18
19
20
20
20
20
21
21
24
26

28
30
30
33
34
35
36
36
37
38



5  PERFORMANSIN iZLENMESI
5.1 Operasyonel Faz izlemesi
5.1.1 Kimyasal Parametreler
5.1.2  Fiziksel Parametreler
5.1.3 Meteorolojik
5.2 Temizlemenin Onaylanmasi ve Sistemin Kapatilmasi
5.2.1 Temizleme Onaylanmasi ile Degerlendirilebilecek Olasi Kanit Kaynaklari
5.2.2 Kapanis Orneklemesi i¢in Onerilen Prosediir
6  SONUCLAR
6.1 Verimlilik, Avantajlar ve Dezavantajlar
6.2 TGE uygulamasinin Operasyonel Kontrolii

KAYNAKCA

39
39
39
39
40
40
41
43
44
44
45
46



1 GIRIS

Avrupa Birligi Cevre Yasasinin Uygulanmasi ve Uygulanmasi Agi olan IMPEL, Su ve Arazi lyilestirme (WLR) projesi
kapsaminda, en yaygin ve en ¢ok kullanilan toprak ve yeralti suyu iyilestirme teknolojilerine odaklanan bir dizi
kilavuz gelistirmektedir. Bu yonergeler, site sahipleri, ¢evredeki topluluk, proje yoneticileri, yukleniciler,
diizenleyiciler ve diger uygulayicilar gibi farkli paydaslarin her bir iyilestirme projesinden ¢ikan tim bilgileri
anlamalarina yardimci olabilecek bu iyilestirme teknolojileri hakkindaki en son ve en giincel bilgileri
ozetlemektedir. Hakemli bilimsel kaynaklarda ve resmi raporlarda elde edilen ilgili katkida bulunanlardan
saglanan bilgileri kullanir.

Eldeki kilavuz, en sik kullanilan iyilestirme teknolojilerinden biri olan Toprak Buhari Ekstraksiyonu (SVE)
hakkinda en son bilgileri derlemistir.

1.1 TOPRAK GAZI/BUHARI EKSTRAKSIYONU (SVE) Yéntemi Gegmisi Hakkinda

Toprak Gazi Ekstraksiyonu (Toprak Havalandirma, Yerinde Toprak Havalandirma, Toprak Vakumlu Ekstraksiyon
veya Vakumlu Ekstraksiyon gibi ilgili teknolojiler) en cok kullanilan toprak iyilestirme teknolojilerinden biri
olmustur [FRTR 2020]. Son on vyillardaki yaygin kullanimi nedeniyle SVE, glinimiizde, doymamis (veya vadoz)
bolgedeki ucucu (veya sahaya 6zel olarak da yari ugucu) organik bilesiklerle kirlenmis topraklarin iyilestirilmesi
icin kabul gorms, iyi kurulmus ve etkili bir teknolojidir [Suthersan 1999].

Bir SVE siirecinin tipik bir semasi Sekil 1.1'de sunulmaktadir. SVE, ufleyiciler/pompalar tarafindan olusturulan
vakum kosullarinin indiksiyonu ile toprakta olusturulan bir hava akimi kullanarak bunlari tasimak icin
kirleticilerin ylksek ucuculugunu kullanir. Bu hava/buhar hareketi, kirleticileri, onlari uygun sekilde geri
kazanildiklari veya tedavi edildikleri ylizeyin {izerinde bulunan gaz disi aritma sistemlerine aktaran ekstraksiyon
kuyularina tasir. En yaygin aritma mekanizmalari, aktif karbon {izerine adsorpsiyon ve katalitik veya termal
oksidasyon yoluyla yok suretiyle giderim saglanmaktadir [EPA 2018, Soares 2012].

SVE ¢ok yonll bir iyilestirme teknolojisidir ve yalnizca kirleticilerin buharlasmasina ve geri kazanilmasina
odaklanarak tek basina veya biyolojik bozunma (6r. sirasiyla doymamis ve/veya doymus bolgelere
uygulandiginda "biyo"-serpme) veya desorpsiyon (elektrik direnci veya sicak hava/buhar enjeksiyonu gibi 1sitma
islemlerini kullanan, kirleticilerin buharlasma oranini artirmak ve kolaylastirmak icin termal olarak gelistirilmis
SVE). SVE'nin topragin doymamis bolgesinde olusturdugu hava/buhar akisi, topraktaki hareketliligini artirarak
kirleticilerin ugmasini tesvik eder; ve ucgucu kirleticilerin ekstraksiyon kuyularina tasinmasini artirir [Suthersan
1999, EPA 2018]. Genellikle toprak havalandirmasinda kullanilan gibi daha diistik hava/buhar akis hizlari, toprak
matrisinde tesvik edilen havalandirma yoluyla bozunabilir bilesiklerin biyolojik olarak bozunmasini destekler.

1.2 Toprak Gazi Ekstraksiyonu (SVE) Uygulanabilirligi

Saha 6zellikleri ile ilgili olarak, SVE genellikle diistik/orta organik madde ve nem icerigine sahip ve yeralti suyuna
olan derinlikleri 2 ila 30 m araliginda olan gecirgen topraklar icin etkilidir. Kirleticilerin tlrli gbéz oniine
alindiginda, SVE halojenli ve halojenli olmayan ucucu organik bilesikler (VOC'ler) igin etkinlik, halojenli ve
halojenli olmayan yari ucucu organik bilesikler (SVOC'ler) icin sinirli etkinlik, ortaya ¢ikan bazi kirleticiler (1,4-
dioksan veya - ve polifloroalkil maddeler (PFAS) ve yakitlar; ve inorganik kirleticiler, radyoniklidler ve
miihimmat icin gecerli degildir [FRTR 2020, EPA 2018].
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Catalytic Oxidizer:
Falmouth Products FALCO 300 with
10 hp blower and Vapor Control Valve

Moisture Separator

—Water Table

SOIL VAPOR EXTRACTION (SVE) REV 4-28.91

Sekil 1.1- SVE —Toprak Gazi $emasi.

1.3 TOPRAK GAZI EKSTRAKSIYONU (SVE) Uygulanmasi

Kirlenmis bir alanin iyilestiriimesi igin bir SVE sisteminin uygulanmasi, vakumlu ufleyicilerin/pompalarin
kullanilmasini, g¢ikarma kuyularinin (dikey veya vyatay) kurulmasini ve kirleticinin topraktan topraga
¢ikarilmasindan sorumlu olacak ilgili transfer borularinin kullanilmasini gerektirir. Daha fazla tedavi igin yizey.
Kirlenmis hava akisinin aritilmasi, ulusal/bélgesel dizenlemeye uymak icin emisyon aritma hedeflerini
gerceklestirmek icin tesislerin tasarimini/insaatini/izinlerini ve uygun ekipmani gerektirecektir. SVE isletimi ve
bakimindaki deneyimler g6z dnline alindiginda, etkinligi genel olarak 1 ila 3 yil araligini géstermektedir [FRTR
2020].
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2 TEKNIGIN ACIKLAMASI

2.1 Genel Proses Aciklamasi

Toprak Gazi Ekstraksiyonu (SVE), doymamis bélgedeki kirlenmis topraklarin iyilestirilmesi icin yerinde bir
teknolojidir. Bu bolgeyi "havalandirarak" (veya bastirarak) ugucu kirleticilerin ¢ikarilmasina dayanir. Basaril bir
uygulama igin 6n kosul yeterli bir toprak gegirgenligidir.

SVE, hava enjeksiyonu ile veya hava enjeksiyonu olmadan gerceklestirilebilir. Aktif hava enjeksiyonu olmamasi
durumunda, taze hava atmosferden zemin ylizeyinden topragin icine niifuz eder. Hava sirkiilasyonu, cesitli
fazlar (gaz, bosluk suyu, toprak pargaciklari) arasindaki kimyasal dengeyi degistirerek kati ve/veya sivi fazlardan
ugucu kirleticilerin buharlasmasini artirir. Cikarilan buharlar, gaz gikisi islemine tabi tutulur.

Tim slreg, tutarl bir izleme sistemi tarafindan kontrol edilmeli ve yonetilmelidir (6rn. hava akis hizlari, kirletici
konsantrasyonu, sicaklik, nem)

2.2 Sistem Teknigi ve Bilesenleri

Sahaya yerlestirilecek olan havalandirma sistemi asagidaki ana proses ekipmanlarindan olusmaktadir:

- kirlenmis toprak tabakasina erismek icin dikey (veya yatay) ¢cikarma kuyulari ("¢ikarma drenleri" olarak
adlandirilir)

- lyilestirilecek alandaki hava akisini artirmak/kontrol etmek icin dikey (veya yatay) enjeksiyon kuyulari
(veya noktalari) ve 6zellikle sistemin tiim bilesenlerini ile saha sinir ¢izgilerinde baglamak icin valfler (ve
akis hizi dlgerler)

- lyilestirilecek alandaki hava akisini artirmak/kontrol etmek icin dikey (veya yatay) enjeksiyon kuyulari
(veya noktalari) ve ozellikle sistemin tim bilesenlerini valfler (ve akis hizi o6lgerler) ile saha sinir
cizgilerinde baglamak icin

- lyilestirilecek alandaki hava akisini artirmak/kontrol etmek icin dikey (veya yatay) enjeksiyon kuyulari
(veya noktalari) ve ozellikle sistemin tim bilesenlerini valfler (ve akis hizi o6lgerler) ile saha sinir
cizgilerinde baglamak icin

- lyilestirilecek alandaki hava akisini artirmak/kontrol etmek icin dikey (veya yatay) enjeksiyon kuyulari
(veya noktalar) ve ozellikle sistemin tim bilesenlerini valfler (ve akis hizi 6lgerler) ile saha sinir
cizgilerinde baglamak igin

- Temizleme sistemini neme ve iletilen hava akimi tarafindan harekete gegirilen yeralti suyuna karsi
korumak i¢in bir yogusma ayirici veya bugu ¢oziici

- bir hava ufleyici blower/vakum (nitesi (ekstraksiyon kuyularina dogru toprak buhari akisini saglamak
icin gerekli negatif basinci olusturmak igin)

- bir ¢ikis gazi aritma sistemi (¢ikarilan toprak buharlarindan kirleticileri ¢ikarmak igin).

En yaygin aritma mekanizmalari, aktif karbon Uzerine adsorpsiyon ve katalitik veya termal oksidasyon yoluyla
yok etmedir. Bir SVE sisteminin ve bilesenlerinin tipik bir semasi Sekil 2.1'de sunulmaktadir. Yanici maddeler
(6rnegin petrol) ilgili kirletici maddelerdir, bir saghk ve glvenlik plani gelistirmek ve cikis gazi aritiminda
teknolojilerle ilgili kisitlamalari dikkate almak ¢cok 6nemlidir.
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Sekil 2.1- Toprak Buhari/Gazi Ekstraksiyonu (SVE) Tesisinin Bslesenleri

2.3 Kirleticilerin Aritilabilirligi

SVE'nin etkinligi genellikle ugucu organik bilesikler (VOC'ler) icin kanitlanmistir. Sahaya 6zel ve/veya diger
teknolojilerle kombinasyon halinde, yari ugucu organik bilesikler (SVOC'ler) i¢in uygulamalar da uygun olabilir.
Genel olarak, kirleticilerin toprak katmanlarinin kati fazina gicli bir sekilde adsorbe edilmemesi de gereklidir.

Aromatikler icin tipik uygulamalar (BTEX), Fenoller, Benzin, HC <12, Klorlu bilesikler (kloroform, VC, DCM, DCA,
DCE, TCA, TCE, TC, PCE) ve Klorobenzenler (Duslk ikame ile). Bu nedenle SVE genellikle petrokimya sahalarinda,
benzin istasyonlarinda, metal isleme ve metal isleme (yag giderme ve kuru temizleme)
atolyelerinde/endustrisinde uygulanir.

SVE uygulamasinda belirleyici faktorler, kirleticilerin 6zellikleri, 6zellikle fazlar arasindaki dagilim ve jeolojik
saha dizeni, oOzellikle stratigrafi ve jeolojik katmanlarin gegirgenlik, gozeneklilik ve heterojenlik gibi
ozellikleridir.

Baz kirletici 6zellikler, siirecin verimliligi ve etkinligi icin cok énemlidir. Bir bilesigin buhar basinci, o bilesigin
sivisi (NAPL) ile dengede olan kismi basincidir. Bu nedenle, L-V dengesinin (Liquid vapour equilibrium - Sivi
buhar Dengesi) bir 6lglisidir. SVE, buhar basinci > 0.5-1.0 mmHg olan maddeler icin uygundur. Kaynama
noktasi buhar basinci ile ilgilidir ve kaynama noktasi 250-300°C'nin altinda olan maddeler igin uygun olan
SVE'nin uygulanabilirligini belirler. Henry sabiti, gaz halindeki belirli bir maddenin konsantrasyonunun ve sulu
fazda ayni madde. SVE, Henry sabiti> 0.001 atm m* / mol olan maddeler icin uygundur.

2.4 Jeolojik Ortamin Dikkate Alinmasi

Jeoloji, toprak katmanlarinin stratigrafisi ve toprak katmani 6zellikleri, SVE uygulamasinin etkinligi ve verimliligi
icin cok 6nemlidir. Bu nedenle tutarl bir Kavramsal Alan Modeli gelistirmek icin jeolojik saha dilizenini anlamak
¢ok onemlidir (bkz. bolim 3.1).

Toprak 6zellikleri arasinda temel parametreler gozeneklilik, gecirgenlik, (g6zenek) su icerigi ve heterojenliktir.
Toprak katmanlarindaki hava akisi, toprak icindeki birbirine bagh gdézenek bosluklari araciligiyla gerceklesir, bu
nedenle daha fazla gbzeneklilik, havanin topraktan akisini artirir. Gézeneklerde su bulunmasi hava akisini
engelleyen fiziksel bir engeldir. Ote yandan, cok diisiik nem icerigi, bazi kirleticilerin topraga daha giiclii
adsorpsiyonunu belirler.
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Onemli 6lgiide farkh doku ve gegirgenlik ile karakterize edilen alanlarin varligi, hava akisini yénetebilir ve bu
nedenle kisa kesintilere neden olan projeyi etkileyebilir (6rn. homojen olmayan alanlarda veya emme saftinin
yakininda tercih edilen hava akislari). Hava akisini sinirlayabilecek bir diger 6énemli faktor de yeralti suyu
seviyesidir. Ekstraksiyon kuyularinda indlklenen ¢okiintli, piyezometrik seviyede bir artisa neden olabilir (0.2
atm'lik bir ¢okinti yaklasik 2m'lik bir yliikselmeye neden olur) ve kismen kuyulari ve SVE sistemini tasar.
Yaklasik 3 m'lik bir yeralti suyu tablasi derinligi icin uygun kosullar varsayilabilir, aksine 1.5 m'den daha az
derinlikler tavsiye edilmez.

Ayrica topraktaki (6rnegin turba/torf) daha yuksek toprak organik karbonu (SOC) icerigi de SVE'yi engelleyebilir.
(SOC desorpsiyonu ve uguculugu ile ilgili olarak giderek daha sinirli hale gelir ve benzer gegirgenlik de 6nemli
Olclide azalacaktir, ancak bu net degildir).

Asagida O0zetlenen parametreler, basarili bir projein anahtar bilesenleri olabilir:

- Jeolojik katmanlarin yuksek gegirgenligi;

- homojen toprak bilesimi, yani farkli dokuya sahip katmanlarin ve merceklerin olmamasi, yeralti altyapisinin
varhigindan kaynaklanan tercihli hava akisi yollarinin olmamasi;

- organik kirleticiler icin yliksek absorpsiyon kapasitesine sahip lenslerin veya turba tabakalarinin olmamasi;

- kisitIndinimis kirletici havuzlarin olmamasi;

- nispeten disuk gecirgen tabakalarin gegirimsiz kaplamasinin olmayisi;

- sig yeralti suyunun olmayisi

2.5 Sistemi Tasarlamak icin Hususlar
SVE sisteminin tasarimi asagidaki tanimlardan olusmaktadir:
a) Sistem Isletim Parametreleri:

e Hava tahliye Hizi
e Ekstraksiyon kuyusundaki vakum derecesi
e  Etki Yaricapi (ROI)

b) Sistem Bilesenleri:

e  Ekstraksiyon Kuyularinin Sayilari ve Lokasyonlari
Kuyularin insaati/teskili

Ekstraksyion Fani/ Emis Fani

Su-Hava Siyirici

Isi Esanjorlii Buhar isleme Unitesi

SVE'nin tasarimi igin sahada pilot testler yapilir. Bu testler, ulasilan vakumun 0lgildigi en az 1 ekstraksiyon
kuyusu ve en az 3 izleme noktasi (saha heterojenligi durumunda muhtemelen ¢ok seviyeli) icermelidir. Yararli
bir pilot test icin, her seyden 6nce, emme kanalinda normalde saglanan regtilasyon/duzenleyici valfi Gzerinde
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hareket ederek ekstraksiyon akisini ayarlamak gerekir. Her valf konumu igin (belirli bir akis hizina karsilik gelir),
sistem stabilizasyonu igin yaklasik 30 dakika beklenerek ve asagidakiler olgtlir:

e  Ekstraksiyon kuyusundaki vakum derecesi;

e izleme noktalarinda indiiklenen vakum derecesi;

e Tahliye edilen/cikarilan havanin akis hizi;
e (Cikartilan gazin bilesimi ve sicaklig.

Olgiimler, farkh derecelerde valf acikhgl icin tekrarlanir. Zeminin/topragin icsel gecirgenligi (k), pilot test

sirasinda toplanan olglimlerle tahmin edilebilir.

En Onemli tasarim kriterlerinden biri, pilot test sirasinda toplanan o&l¢iimlere dayanan etki yaricapidir.
Sonugclandirilmis vakalara dayah bir veri tabaninin olmamasi durumunda, tam olcekli bir midahale tasarlamak

icin en glvenilir ydontemdir.

& ROl = distance from the
well of extraction for which

there is enough vacuum to
induce air flow

Typical ROls (Wong et al., 1997)

Coarse sand>30 m
Fine sand 20-30 m
Silt7-13m

Clay<7 m

Sekil 2.4- Etki Yarigapi

Etki yaricapi tanimlandiktan sonra, yeterince tedavi edilmeyen/giderim saglanmamis/iyilestirilmemis alanlardan
kaginmak icin kismi bir ortlisme saglayan, etki yaricapina esit bir yaricapa sahip bir dizi daire cizilir.
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Sekil 2.5- Kuyu Sayisi

Pencerenin/ filtre icin gozeneklerin derinligi tanimlandiktan sonra (genellikle kirlenmenin derinligine esittir) ve
vakumla baglantili etki yaricapi bilindiginde, hava ¢ikarma hizlarini belirlemek mimkiinddr.

. 1060
EXTRACTION RATES ey Al
i |A.=81emin
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Ptz %1 P =0.40atm=20.3 1. H.0 e e,
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Ri = radius of influence (crm) ¥ Coyey  Fre Madumn  Coane
Q= well air flow (cm3 [ 5) oo 1 T —rrrrrr—rerrere-0.0011
i} ] 1 1 140 100 1000

Soil Permeability (DARCY)

Sekil 2.6 Ekstraksiyon Oranlari

Pilot calismalardan ve uygulamalardan elde edilen ekstraksiyon hizi igin tipik tasarim degerleri 20-200 m*/saat;
pilot calismalardan ve uygulamalardan kuyu basi ¢cokmesi icin tipik tasarim degerleri 0.5-1 atm'dir.

Cikarilan buharlar, konsantrasyonlara bagh olarak farkl islemlere tabi tutulur. Yanici maddelerin endise konusu
kirleticiler olarak ilgili olmasi acgisindan en 6nemli parametre Alt patlama siniridir (LEL). C (vap) < %25 LEL ise
aktif karbon uygulanabilir ve katalitik oksidasyon uygulanabilir; C (vap) <%25-50 LEL ise termal oksidasyon
onerilir; C (Vap) <%10 LEL ise biyofiltre uygulanabilir
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3 FiZIBILITE CALISMASI

Bu teknolojiyi se¢mek icin birincil kriterler, gézenekli ortamin hava gecirgenligi ve kirleticilerin uguculugudur.
Teknoloji daha sonra sahaya 6zgl cesitli faktorler goz 6niinde bulundurularak daha fazla taranmalidir.

3.1 Saha Kosullari ve Kavramsal Saha Modeli

Cok sayida saha fiziksel ve kimyasal kosulu, iyilestirici bir alternatif olarak SVE'nin etkinligi tGizerinde énemli bir
etkiye sahiptir. Bu parametreler, toplanmasi gereken Toprak Gazi Ekstraksiyonu Yontemi (SVE) fizibilitesi ve
tasarimi ile ilgili saha karakterizasyon verileriyle birlikte asagidaki boélimlerde tartisiimaktadir.

Sekil 3.1, bu site karakterizasyon verilerini 6zetlemektedir. ilgili verileri miimkiin oldugunca erken toplamanin
Onemi fazla vurgulanamaz. Bir kisinin siteyi anlamasi asla mikemmel olmayacaksa da (¢linki karakterizasyon
araglari, finansal kaynaklar ve drnekleme yontemleri pratik sinirlamalara sahiptir), sitenin tutarh bir resmine
dogru yaklasan kanit dizilerini bir araya getirme ve belgeleme yukimlilGglu vardir. Sitenin bu resmi veya
kavramsal modeli, ¢esitli veri tirlerini icermesi bakimindan zorunlu olarak ¢ok yonli ve cok disiplinlidir. Ayrica
dinamiktir, ek veriler elde edildikce gelisir. Yeni saha calismalari yeni bilgiler sagladigindan, site kavramsal
modelini strekli olarak yeniden formiile etmek 6nemlidir.

Saha Kavramsal Modeli, bir (hidro)jeolojik saha tanimindan baslamali ve kirliligin birincil kaynagini/kaynaklarini,
salinan kitleyi, salinim modelini ve Ozellikle vadoz bolgesindeki kirletici dagiiminin dikey ve yatay boyutunu
karakterize etmelidir. Toprak gazi/buhari ekstraksiyonu icin vadoz bolgesi karakterizasyonunun bir dizi kilit
yoni vardir. Kisaca bunlar sunlari igerir:

e ylizey Ortlisiinin tipi (e.g., asfalt, nebati toprak, bitki);

e gomill yapilarin veya tesislerin mevcudiyeti ve kapsami

topografya

toprak tipi dagilimi ve derinligi

su tablasina olan derinlik ve suyun seviyesinin mevsimsel dalgalanmasi
toprak nem icerigi ve degiskenligi

o kilcal sagak kahnhg

e hava gecirgenligi ve ilgi alani icerisinde nasil degistigi

e organik karbon icergisi ve cesitliligi

Bu kilit site 6gelerinin herhangi biri (veya bir kombinasyonu) SVE etkinligini glicli bir sekilde etkileyebilir
ve/veya Toprak Gazi Ekstraksiyonu (SVE) icin ciddi bir sinirlama olusturabilir. Cogu zaman, SVE teknolojilerinin
uygulanmasi icin potansiyel olarak 6nemli olan saha karakterizasyon verileri toplanmaz c¢linkii toprak
sondajlarinin ve gézlem cukurlarinin glinlige kaydedilmesinden sorumlu olanlar ya bunlarin farkinda degildirler
ya da bunlari tanimalari ve sistematik olarak kaydetmeleri istenmemektedir.

Yiizey horizonlarinin dogasini anlamak ¢ok 6nemlidir. Daha ince dokulu bir matristeki kumlu veya cakilh
mercekler veya tercihli hava akisi yollari olarak hizmet edebilecek makro goézenekler gibi ylizey alti 6zelliklerinin
belirtileri kaydedilmelidir. Toprak renkleri ve benekler, su tablasinin mevsimsel olarak dalgalandigi bolgenin bir
gostergesi olabilir. Kentsel veya endustriyel yerlerde, mimkiinse bozulmus toprak/dolgu ile dogal toprak
arasindaki temas fark edilmelidir. Standart toprak karakterizasyon yontemleri, bu amaglar igin, kullanimlari
konusunda egitim almis kisiler tarafindan kullanilmahdir (Breckenridge, Williams ve Keck 1991; USEPA 1991h).
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Parameter

Collection Method

Analytical Method

Air-phase permeability (field-scale)

Pneumatic pump test

See Cho and DiGiulio (1992)

Air-phase permeability
(core-scale)

In situ or undisturbed 50- to 75-mm
diameter soil sample typical

See paragraph 4-2d and Appendix D; Corey
(1986a)

Stratigraphy/heterogeneity

Soil boring and/or test pit

Visual observation; Breckenridge, Williams, and
Keck (1991); USEPA (1991h)

Grain size Split spoon or other soil sample ASTM D422-63 (1998)

Porosity Undisturbed 50- to 75-mm-diameter Calculated from dry bulk density and particle
soil sample density

Dry bulk density Undisturbed 50- to 75-mm-diameter

soil sample

ASTM D2850

Organic carbon content

Split spoon sample

SW-846 9060; Churcher and Dickhout (1989)

Moisture content (saturation)

Neutron logging via access tubes
Tensiometers

Undisturbed 50- to 75-mm diameter
soil sample

Neutron gauge (Gardner 1986), ASTM D3017,
ASTM D5220

Cassel and Klute (1986)
ASTM D2216-92

Soil moisture retention
(Capillary pressure saturation curve)

Undisturbed 50- to 75-mm diameter
soil sample

Klute (1986); ASTM D2325-93

Dry end soil moisture retention

Undisturbed 50- to 75-mm diameter
soil sample

Psychrometer Method (Jones, Gee, and Heller
1980)

Soil Temperature

Thermometer, Thermaocouple

Portable Meter

Depth to groundwater and seasonal
variations

Water table monitoring wells, Water
level meter or interface gauge and
surveyed well elevations

ASTM D4750

Volatile hydrocarbon content in soil gas In situ Downey and Hall (1994); ASTM D3416-78
O, content in soil gas In situ Portable meter, electrochemical cell method
CO: content in soil gas In situ Portable meter, infrared adsorption method
Microbial respiration rate In situ Hinchee et al. 1992

Sekil 3.1- Test ve Analitik Yontemlerin Ozeti

3.1.1 Kirlenmenin Dogasi ve Kapsami

Saha karakterizasyonu sirasinda, SVE'nin uygulanabilirligini degerlendirmek icin saha ortaminin kimyasal
ozellikleri ve kontaminasyonun dogasi ve kapsami belirlenmelidir. SVE'ye en uygun kirleticiler, benzin, kerosen,
bircok dizel yakit bileseni, freon ve PCE, trikloroeten ve metilen klorir gibi ¢ozliclleri iceren VOC'lerdir.

Asagidaki sekil, cesitli kirletici gruplari sunmakta ve SVE'ye uygunluklarini derecelendirmektedir.
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Contaminant Groups Example of Contaminants Effectiveness
Organics Halogenated VOCs Tetrachloroethene, Trichloroethene a
Halogenated SVOCs* Para-dichlorobenzene b
Nonhalogenated VOCs Gasoline a
Nonhalogenated SVOCs* Diesel fuel a
PCBs Aroclor - 1242 c
Pesticides Chlordane c
Dioxins/furans 2,3,7,8-Tetrachlorodibenzo-p-dioxin c
Organic cyanides c
Qrganic corrosives c
Explosives 2.4,6 Trinitrotoluene c
Inorganics Volatile metals Mercury, tetraethyl lead c
Nonvolatile metals Nickel, chromium c
Asbestos c
Radioactive materials c
Inorganic corrosives c
Inorganic cyanides Sodium cyanide c
Reactive Oxidizers c
Reducers b

Figure 3.2- SVE’nin Kirletici gruplar lizerindeki etkinligi

3.1.2 Kaynagin Geometrik Karakteristigi

Uygun teknolojilerin taranmasi i¢in projenin saha karakterizasyonu asamasinda kontaminasyonun
boyutu li¢ boyutta belirlenmelidir. SVE ile ilgili olarak, doymamis bélge ve doymus bolge karakterize
edilmelidir.

Kirlenme derinligi, SVE sistemlerinin fizibilitesini ve tasarimini etkiler. Kirlenme zemin yizeyi ile
sinirhysa, SVE disindaki teknolojiler tercih edilecektir. Kirlenme, doymus bolgede derinlikte
bulunuyorsa, tek basina SVE mimkin olmayacaktir. SVE'nin uygulanabilir oldugu vyerlerde,
kontaminasyon derinligi kuyu tipini (yatay ve dikey), taranan kuyu araligini ve diger tasarim faktoérlerini
etkileyecektir.

Kirlenmis topragin hacmi, SVE'nin uygulanabilirligini etkiler. Hacim kiiclikse, kazi ve saha disinda
bertaraf gibi diger alternatifler daha uygun maliyetli olabilir. Kirlenmis topragin hacmi, kuyu sayisi,
bloerlarin/hava ufleyicilerin boyutu ve atik gaz aritma sistemi kapasitesi gibi sistem tasariminin birgcok
yonlnu de etkiler.

SVE sistemlerinin fizibilitesi ve tasarimi belirlenirken, potansiyel tesis disi buhar fazi kirletici kaynaklari
g6z 6nitinde bulundurulmalidir. SVE sirasinda 6nemli buhar fazi kontaminasyonu saha disi kaynaklardan
sahaya gecebilirse, sistem tasariminin hava enjeksiyon kuyularini veya bu olusumu 6nlemenin baska
yollarini icermesi gerekecektir.
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3.1.3 Suyla Karismayan Sivi Tehlikeli Kimyasal Maddenin (NAPL)’ nin Mevcudiyeti

Saha arastirmacisi, NAPL'nin mevcut olup olmadigini belirlemelidir. Yeralti suyu numunelerindeki serbest rin,
NAPL'nin bir gostergesi olacaktir. NAPL, doymamis bolge icindeki gbzenek alani igin hava ve toprak nemi ile
rekabet ederek hava fazi gecirgenligini azaltir. Ek olarak, NAPL siirekli bir kirletici kaynagi saglar. Mevcut
gozenek alaninin ylzde 15 ila 50'si arasinda doymamis boélge artik doygunluklari rapor edilmistir (USEPA 1989c).

Yogunlugu Sudan Fazla Suyla Karismayan Sivi Tehlikeli Kimyasal Madde (DNAPL)'nin varligindan
sipheleniliyorsa, DNAPL'nin daha derin hidrolojik birimlere go¢ etme riskini azaltmak yerine SVE'nin
uygulanmasinin artabilecegine dair endiseler olabilir. Ornegin, DNAPL su tablasinin tizerindeki kirik anakayada
bulunuyorsa bu durum s6z konusu olabilir. Boyle bir ortamda bir ekstraksiyon kuyusuna dogru hava akisinin
indiklenmesine, DNAPL'nin kirilma sisteminin daha derinlerine ve belki de doymus bdlgeye dogru bir karsi
akisinin eslik edebilecegi teorize edilmistir. Boyle bir durumda Teknik Uygulanamazlik feragati uygulanabilir
(USEPA 1993g).

3.1.4 Toprak Gazi Arastirmasi Sonucu

Dogalari geregi, SVE'ye uygun kirleticiler, toprak gazi arastirmalari sirasinda 6lgilebilir. Siklikla, sahadaki toprak
gazi 6l¢imii, bir sahadaki toprak kirliliginin dogasini ve kapsamini karakterize etmenin yararli bir yoludur. Sinirh
saylida laboratuvar analizi ile teyit edilen toprak gazi kirletici konsantrasyonlarinin saha ol¢limleri, saha
karakterizasyonu igin genellikle yeterlidir. Bununla birlikte, toprak gazi ve toprak konsantrasyonlari arasinda iyi
bir nicel korelasyon nadiren elde edilebilir. Bu, o6zellikle kalinti NAPL nedeniyle daha yiksek kirletici
konsantrasyonlari mevcut oldugunda gecerlidir. Toprak gazi ve toprak numunesi konsantrasyonlarini
karsilastirirken, toprak numunesi sonuglarinin tim toprak kompartimanlarindaki kirleticileri temsil ettigini ve
toprak gazinin sadece buhardakileri 6l¢tiglini akilda tutmak faydali olacaktir. Toprak gazi arastirmalari,
baslangicta SVE atik gazinda beklenebilecek kirletici konsantrasyonlarinin bir gbstergesini de saglayabilir.

3.1.5 Hava Gegirgenligi

Hava gecirgenligi, topragin hava gecisine izin verme yetenegi, SVE fizibilitesini ve tasarimini etkileyen en kritik
parametrelerden biridir. Kati matris 6zelliklerinin ve nem igeriginin bir fonksiyonudur. Hava gecirgenligi, hava
akis hizlari ve kirletici geri kazanim oranlari lizerinde derin bir etkiye sahiptir. iri taneli topraklar tipik olarak
bliylk hava gecirgenligi degerleri ve daha diizglin hava akisi modelleri sergiler. Hava gecirgenligi yaklasik 10-10
cm?®'den az olan topraklar SVE'ye uygun olmayabilir (USEPA 1993d).

3.1.6 Heterojenlikler ve Tercihli Ulasim Yollari

Heterojenlikler, doymamis bdlge icindeki kirleticilerin dagilminda 6nemli bir rol oynar ve toprak tipi,
tabakalasma, gozeneklilik ve nem igerigindeki uzaysal degisikliklerden kaynaklanir. Bir SVE sisteminin ¢alismasi
sirasinda, bu degisiklikler hava akisi modellerini ve nihayetinde doymamis bélge icindeki kirletici geri kazanim
oranlarini etkileyebilir. Ornegin, doymamis bdlge, birbirini izleyen iri ve ince daneli toprak katmanlarindan
olusuyorsa, hava akisi iri daneli katmanlarla sinirlanabilir. Kirleticiler genellikle cok daha yavas oranlarda daha
ince taneli tabakalardan uzaklastirilir. Zemin sondajlari, koni penetometrisi ve test ¢ukurlarinin maruz kalan
ylzlerinin zemin profile incelemeleri, fiziksel heterojenlikler hakkinda bilgi edinme yéntemleri arasindadir.
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Bazi durumlarda, firtina ve sihhi kanalizasyon gibi yeralti kamu hizmetleri veya bu 6zelliklerle iliskili dolgu
malzemesi, bir SVE sistemiyle baglantili hava akiminda kisa devre olusturabilir. Sonug olarak, hava akimi, tedavi
gerektiren bolge icinde degil, bu ozellikler boyunca yogunlasabilir. Ek olarak, bu 6zellikler doymamis bolge
icindeki hem serbest fazli sivilar hem de buharlar icin go¢ yollari saglayabilir. Sonug olarak, bu 6zelliklerin
yonelimi ve geometrisi, sivilarin veya buharlarin goc ettigi yonu belirleyebilir. Cogu zaman, yeralti tesislerinin
dogru sekilde yapilmis cizimleri mevcut degildir, bu nedenle sahaya asina olan kisilere de danisiimalidir.
Yakindaki binalarin bodrumlari ve akisi etkileyebilecek diger 6zellikler not edilmelidir.

3.1.7 Topografya

Topografya ve zeminin dogasi SVE'yi etkilemektedir. Gecirimsiz bir ylizey, yatay hava akisini artirma ve etki
yarigapini artirma egiliminde olacaktir. Gegirgen bir ylizey bunun tersini yapacak ve yeraltina giren atmosferik
hava miktarini arttiracaktir. Binalar, yollar ve altyapi sistemleri gibi ylzey kisitlamalari, SVE'yi diger seceneklere
gore cekici bir iyilestirici alternatif haline getirebilir. Zemin ylizeyinde kaplama varsa, bitinligi incelenmelidir.
Catlaklar not edilmeli ve miimkiinse kapatiimahdir.

3.2 SVE lyilestirme Tasariminda Sinama-Olgek Testinin Kullanimlar

Tasarim parametrelerini belirlemek igin sttun testleri kullanilmaktadir. Ball ve Wolf (1990), kiiclk alanlarda
homojen izotropik topraklarda tek kirleticilere yonelik SVE sistemleri icin tasarim parametrelerinin belirlenmesi
icin laboratuvarda kolon testleri 6nermektedir. Yaklasimlari, bir kolonu saha topragi ile doldurmak, temsili bir
hava akimi uygulamak ve gbézenek hacmi degisimlerinin sayisinin bir fonksiyonu olarak atik kirletici
konsantrasyonlarini 6lgmektir. Daha sonra Ustel bir bozunma denklemi bu verilere uyarlanir ve kalibrasyon
parametresi, tam olgekli SVE sistemi icin emisyon oraninin blyttllmus bir tahmininde kullanilir. Bu bilgi ile
toplam toprak iyilestirme siresi ve maliyeti tahmin edilebilir.

SVE etkinligini belirlemek icin sGtun testleri kullanilmaktadir. USEPA (1991c), SVE'nin bir sahada etkili olup
olmayacagina dair bir soru oldugunda, sttun testleri 6nermektedir. Hedef bilesiklerin buhar basinci 10 mm Hg
veya daha fazla oldugunda bu adim atlanabilir. Kolon/siitun testleri, ana kayasi kirik veya buyuk moloz
parcalarindan olusan heterojen dolgulu sahalar icin de uygun degildir.

Bu calismalarin maliyeti nispeten disiktir ve kolondan yaklasik 2.000 gozenekli hava hacminin gegirilmesini
icerir (yaklasik 6 glinlik calisma sirasinda). Bu esdegerligin, gecirgenlik ve nem igerigi gibi toprak kosullarina
bagl olduguna dikkat edilmelidir. Ornegin, kuru, kumlu bir toprakta 2.000 gézenekli hacim bir yil gibi kisa bir
surede ¢ikarilabilirken, nemli, siltli bir kil 6 yildan fazla gerektirebilir. Ancak ¢ogu durumda, sahaya 6zgli akis
senaryolar 3 ila 6 yillik araliga denk gelir. Kolon testlerinin yapilmasinin nedeni, zeminin diflizyon kinetigini
incelemektir. ilk 1000 gdzenekli hacimde kirletici madde saliniminin neredeyse her zaman difiizyonla sinirl hale
geldigi ve bu da dengeye nispeten hizli bir sekilde ulasildigini gésterir. 2.000 gozenekli hacimli bir ¢alisma
periyodu bu nedenle diflizyon kinetiginin nicellestiriimesine izin verir.

Test sirasinda toprak gazi kirletici konsantrasyonlari izlenir ve yiizde 80 veya daha fazla bir azalma, SVE'nin saha
icin potansiyel olarak uygun oldugunu ve ek kolon g¢alismalari ile daha fazla degerlendiriimesi gerektigini
gosterir. Ylzde 95'ten daha fazla azalma elde edilirse, kolondaki kalinti toprak, kalinti kontaminasyonu 6lgmek
icin analiz edilebilir. Konsantrasyonlar temizleme hedeflerinin altindaysa, ila¢ sec¢imi icin sltun testleri
atlanabilir ve daha sonra hava gegirgenlik testleri yapilabilir.
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Sutun testleri cogu SVE uygulamasi igin gerekli degildir, ancak belirli kosullar altinda, 6rnegin yenideninatgl
(bozunmasi zor) kirleticilerin havalandiriimasi ve/veya biyolojik olarak bozunmasi gibi durumlarda faydali
olabilir. Kolon testleri tipik olarak 2 ila 8 kg kirlenmis toprak (6rnegin, 5 ila 10 cm g¢apinda ve 30 ila 60 cm
uzunlugunda kolon boyutlarina sahip) kullanir ve sonuglar asimptotik hale gelene kadar, toprak 6zelliklerine ve
toprak ozelliklerine baglh olarak silire ve maliyetle birlikte ylrGtilar. Kirleticiler, kolon testlerinden 6nce alinan
Olgclimler, yigin yogunlugu, nem icerigi ve toprak matrisindeki, sizinti suyundaki ve ust bosluktaki kirletici
konsantrasyonlarinin analizlerini icerebilir. Kirletici ¢cikarma oranlarinin hava akisina duyarliligini kontrol etmek
icin farkli hava akis hizlari test edilebilir. Test sirasinda alinan olciimler, iceri giren ve ¢ikan hava basinglarini,
atik kirletici madde konsantrasyonlarini, hava akis oranlarini ve sicakhigl icerir. Testten sonra, temizleme
hedefleriyle karsilastirma icin toprak matrisindeki ve Toksisite Karakteristik Yikama Prosediri (TCLP) sizinti
suyundaki kirletici konsantrasyonlari olgtlir. Sekil 3.3'te bir kolon test cihazinin bir taslagi gosterilmektedir.
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Sekil 3.4, kolon testlerinin avantajlarini ve dezavantajlarini sunar. Kolon testleri genellikle hava gecirgenlik
verilerinin tek kaynagi olarak glvenilmemekle birlikte, yerinde hava gecirgenlik testlerini desteklemek igin
yararli bir arag saglayabilirler.

Ornegin, yerinde testler genellikle yalnizca sinirli sayida lokasyonda gerceklestirilebilirken, bozulmamis macalar,
in situ ka test lokasyonlari dahil olmak tzere bircok lokasyon ve derinlikten toplanabilir, boylece laboratuvar ve
in situ arasindaki korelasyon veriler incelenebilir. Sonuglar iyi bir sekilde iliskilendirilirse, laboratuvar verileri,
ornekleme alani boyunca yerinde sonuglari genellestirmek icin kullanilabilir.
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Advantages Limitations

1. May accelerate the SVE process to pemmit evaluation 1. Stripping air always has good access to the contaminants throughout
of maximum contaminant removal potential. the column. Airflow to different zones varies widely in the field.

2. Gives order-of-magnitude information on the partition 2. Diffusion processes are often not properly modeled.
coefficients needed for mathematical modeling.

3. Order-of-magnitude air permeability measurements 3. Due to the differences in scale and airflow vs. core orientation, more
may be obtained with “undisturbed” samples. representative air permeability results must be obtained through field
air permeability measurements.

4, Can permit analysis of closely spaced samples. 4. Standard procedures must be formulated and validated.

Kolon testleri en iyi sekilde saglam c¢ekirdek numuneleri kullanilarak gerceklestirilir. Saglam karot numuneleri,
sirlici numune alcilari veya surekli karot alma cihazlari kullanilarak elde edilebilir. Karot numuneleri sert
kiliflar icinde toplanmali ve numune tanimlamasi ve yond ile aciklamali olmaldir. Numuneler, kirletici
maddelerin buharlasmasini ve bozulmasini dnlemek i¢in toplandiktan sonra mihirlenmeli ve sogutulmalidir.
Tipik sondaj prosedirleri, zemin cekirdeklerini dikey veya dikeye yakin bir oryantasyonda kurtarir. SVE
sirasindaki tipik hava akisi, kesinlikle i¢ boyutlu olsa da, dikey degildir ve yatay hava gecirgenligi muhtemelen
daha fazla ilgi gekicidir. Bu gergek, test icin dikey c¢ekirdeklerin toplanip toplanmayacagina karar verirken
dikkatlice tartilmalidir.

Laboratuvarda, karot numuneleri test kolonlarina ekstriide edilebilir veya numune mansonlari kolon
kurulumuna dahil edilebilir. Bozulmus numuneler alindiysa, numuneler saha kosullarina yaklasan bir nihai
yogunluga yeniden paketlenmelidir. Test, katmanli bir profilden dikey akisi simiile etmek igin tasarlanmissa,
zeminin vyerlestirilmesi sirasinda katmanlar dahil edilebilir. Testin yatay hava akisini simile etmesi
amaglaniyorsa, bozulmamis, yatay olarak yonlendirilmis magalarin toplanmasi distiniimelidir.

Test ekipmani tipik olarak bir vakum veya hava besleme sistemi, akis olgiim cihazlari ve basing 6l¢iim ekipmani
icerir. Toprak nemi 6l¢im cihazlari (6rnegin tansiyometreler) de saglanabilir. Hava besleme sistemi, kolon
duvarlari ve zemin numunesi arasindaki tim baglantilar hava gecirmez olmalidir. Bazi kolonlar, toprak
numunesinin kenarlari boyunca sizintiyi 6nlemek icin ¢ekirdek numune ile kolon duvari arasindaki halkada
sisirilebilir bir balon igerir. Kirletici konsantrasyonlari kati veya buhar fazinda olgllebilir. Toprak él¢tiimleri yikici
ornekleme gerektirdiginden, 6lcim noktalari baslangi¢ ve son konsantrasyonlarla sinirhdir. Buhar 6rneklemesi,
atik konsantrasyonlarinin zaman serisi 6l¢limiine izin verir, ancak tipik olarak karmasik yerinde 6l¢ciim ekipmani
(6rnegin gaz kromatograflarl) gerektirir. Buhar o6lctiimleri, ilk ve son toprak konsantrasyonlari ile
desteklenmelidir.

Test sonuclari genellikle degistirilen havanin toplam hacmine karsi kirletici konsantrasyonu olarak ifade edilir.
Kolon testlerini saha uygulamalariyla iliskilendirmek icin hava degisimi tipik olarak gézenek hacmi birimlerinde
ifade edilir.

GoOzenek hacimlerinin hesaplanmasi, numune gozenekliligi ve boyutlarinin yani sira akis hizi ve gegen siirenin
Olclilmesini gerektirir. Sonuclar, kirletici uzaklastirma oranini ve tahmini kalinti konsantrasyonlarini
degerlendirmek icin kullanilabilir. Denge konsantrasyonlarinin odak ile birlikte her fazda es zamanl olarak
Olclilmesi kosuluyla, bélme katsayilari da belirlenebilir.
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3.3 SVE Fizibilite Degerlendirmesi

e Henry Yasasl sabitleri diisiik olan kirleticilerin SVE yoluyla aritilmasi zordur. Belirli kosullar altinda, sicak
hava, buhar enjeksiyonu veya diger ylzey alti 1sitma teknolojileri yoluyla ucuculugu iyilestirmek icin
SVE'deki termal iyilestirmeler dislintlebilir.

e SVE, doymus bolgede etkili degildir ve su tablasi yiksekligindeki mevsimsel degisiklikleri hesaba katmak
icin citkarma kuyusu ekranlari konumlandiriimalidir. Bazi tesislerde, su tablasinin pompalama yoluyla
duslrtlmesi, SVE yoluyla daha fazla ortami aritmaya maruz birakmak i¢in distnulebilir.

o Sistem, hedef araligin tim bolimlerinden buharin etkin bir sekilde uzaklastirilmasini saglamak igin
tasarlanirken jeolojik cerceve ve yanal ve dikey heterojenlik derecesi dikkate alinmalidir. Ornegin, bir
silt veya kil mercegi ile karsilastirildiginda, kumlu bir aralikta akisi indiiklemek daha kolaydir. Ayrica, bir
kuyu bunu hesaba katacak sekilde taranmazsa, bir kil tabakasi kirlenmis araligin bélimlerinde buhar
¢ikariilmasini engelleyebilir.

e Yiiksek oranda ince taneli ve ylksek derecede su doygunluguna sahip topraklar, daha yliksek vakumlar
gerektirecek, maliyetleri artiracak ve/veya aritmanin etkinligini ve homojenligini engelleyecektir.

e Cok degisken gecirgenlige veya tabakalasmaya sahip toprak, kirlenmis bolgelerden gaz akisinin esit
olmayan sekilde cekilmesine neden olabilir. Bir SVE sistemi (gecici veya kalici olarak) kapatildiktan
sonra, bu ayni zamanda kitle transfer islemlerinin zamanla daha az etkili oldugu daha dusuik gecirgenlik
bolgelerinden kirletici geri tepmesine neden olabilir. Cikarma kuyusu tasarimi/yerlestirme ve/veya SVE
operasyonlari (6rn. ekstraksiyon kuyularinin cevrimi, darbeli ¢alisma) ve olasi kirilma ihtiyacinin,
degisen gecirgenlikleri/katmanlasmay! ve geri tepme potansiyelini ele almak icin dikkate alinmasi
gerekebilir.

e SVE sistem tasarimi, bireysel ekstraksiyon kuyulari icin hava akisi ve kirletici konsantrasyonlarinin
Olcilmesine izin vermelidir (hava (Ufleyici blowerdaki bilesik Olciimlere kiyasla). Bireysel kuyu
Olcimlerinin hari¢ tutulmasi, uygun performans degerlendirmesine veya optimizasyona izin
vermeyecektir. Heterojen litoloji icin, daha gecirgen bir yerde taranan bir veya birka¢ ekstraksiyon
kuyusunun neredeyse tim hava akisini hesaba katmasi nadir degildir. Kirletici ¢cikarma oranlari zamanla
azaldikg¢a, daha dustk kirletici temizleme oranlarina sahip ayri ayri ¢ikarma kuyularini kapatma veya
kapatma se¢enegi avantajli hale gelir.

e Vakum olgiim noktalarinin kurulumu, aritma bolgesi boyunca temsili sayida konum, ayrica ekstraksiyon
kuyularindan mesafeler ve daha derin aritma bolgeleri icin farkh toprak birimleri icindeki derinlikler icin
Onerilir. Yeterli sayida gaz sondasinda yapilan vakum ol¢cimleri, tedavi alani boyunca hava akis
hizlarinin ve dagitim modellerinin genel bir tahminini saglar. Yeniden doldurma etkisini ve uzaklastirma
ilerlemesini degerlendirmek ve ayrica ele alinmasi gereken daha fazla optimizasyon gerektirebilecek
etkisiz aritmanin potansiyel "6li bolgelerini" belirlemek icin solunum (6rn. oksijen) ve kirletici
konsantrasyonu 6l¢ctimleri de toplanabilir.

e Yagistan ve/veya SVE sistemine yikselen su tablasindan su sizmasi, gesitli operasyonel sorunlara yol
acabilir. Hat tikanmasini 6nlemek igin transfer borularinin ekstraksiyon kuyularina veya stratejik olarak
yerlestirilmis toplama noktalarina dogru egimli olmasi gerekir. Daha bliyiik hacimli sig yeralti suyunun
emme kaldirmasi veya sisteme ¢okelti sizmasinin strtiklenmesi, hava/su ayiriclyi bunaltabilir ve siddetli
korozyona ve Ufleyici i¢ parcalarinin (degistiriimesi gereken) sikismasina neden olabilir. Yogun yagis
veya sig yeralti suyu donemlerinde, bu sorunlari 6nlemek igin SVE sisteminin kapatilmasi veya
vakum/hava akisinin azaltilmasi gerekebilir.

e Gazdan arindirma islemi genellikle gereklidir ve SVE operasyonlarinin maliyetini 6nemli 6lglide
artiracaktir.  Ornegin, artik sivilar isleme/bertaraf gerektirebilir, kullanilmis GAC'nin yeniden
olusturulmasi veya atilmasi gerekecektir ve termal/katalitik oksidasyonun calismasi icin onemli
elektrik/gaz maliyetleri gerektirebilir. Uzun vadeli proje planlamasi, kirletici iceri giren madde
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konsantrasyonlari zamanla azaldik¢a hava aritmasini degistirmek veya durdurmak icin yeterli esneklige
izin vermelidir (6rn. (6rnegin, kiralik ekipman kullanimi, aritma icin izin gerekliliklerine karsi giris
suyunun sik sik izlenmesi).

SVE etkinligi zamanla azalma egilimindedir ve sonunda simetrik olmayan/plato kosullarina ulasir.
Asimetrik/plato kosullari, kirletici kitlesinin 6ncelikle daha vyiksek gecirgenlik bdlgelerinden
¢ikarilmasinin bir eseri olabilirken, disik gegirgenlik bolgelerinden, daha yiliksek nemli alanlardan
kirletici kutlesinin ¢ikarilmasi veya toprak matrisine daha yiksek kirletici adsorpsiyonu ile ilgili zorluklar
yasanir. SVE sistem tasariminin ve operasyonlarinin daha fazla degerlendirilmesi, bunun belirli bir
sahada gerceklesmesi durumunda tavsiye edilir. Kalici kirletici konsantrasyonlarinin yeralti suyu
konsantrasyonlari veya buhar girisi tzerindeki etkisinin analizi, uygun modelleme araglari kullanilarak
yapilmalidir. Geri tepme testi ve vakum 6l¢iim noktalarinda buhar konsantrasyonu 6l¢limleri, daha fazla
sistem optimizasyonu veya sistem kapatma ihtiyacina iliskin saglam kararlar almak igin aritma alani
boyunca kalan kirletici seviyelerini degerlendirmek icin yapiimahdir.

Darbeli galisma cizelgelerinin kullaniimasiyla SVE etkinligi artirilabilir. Sistem kapaliyken kirleticiler
gozenek bosluguna yayilabilir ve ardindan sistem aktifken stpurilebilir.

Cikis gazi sicakhgl tedavi seceneklerini sinirlayabilir. islemden 6nce sicakligi diisiirmek icin 1si
esanjorlerinin dahil edilmesine dikkat edilmelidir.
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4 ARAZI DENEYLERI

TGE uygulamasi igin ylizeyaltini hava akimi agisindan yeterince karakterize edebilmek kritik 6neme sahiptir. Her
ne kadar havanin kesin dagilimini tahmin etmeye calismak bu zamanda pratik olmasa da, bu dagilimlarin
kabaca sahip oldugu karakteristikler basit jeolojilerde 6n gorilebilir (cok gecirgen ve homojen olan olusumlar
veya blyik 6lgekli kil katmanlari gibi heterojenlikleri olan kum agirlikli topraklar gibi) ve topraktan alinan karot
orneklerinin gorsel incelenmesi sonucu elde edilen bilgiler TGE uygulamasi icin paha bicilemezdir.

Arazinin karakterize edilmesi asamasi sonunda ve tarama ile pilot test fazlarindan once, eldeki arazi karakteri
iliskili veri hedef iyilestirme bolgesi tanimlamada ve alandaki hava dagilimi igin bir kavramsal model 6nermekte
kullaniimalidir.

TGE pilot uygulamasi son sistem tasarimi icin asagida belirtilen parametrelerde glvenilir veri saglamalidir:

o hedef uygulama bélgesini tanimlamak

e isbu hedef bolgedeki hava dagilimi icin kavramsal model gelistirmek

e surdurdlebilir hava akimi hizlari

o Toplam gaz ekstraksiyon hizi

e Beklenen kirletici gazi giderim hizlari

e Tercih edilecek yiizeyalti hava akimi yonelimi

e Etkili oldugu yaricap. Ayrica kuyular arasindaki boslugun maliyet dolayisiyla zorlayici olup olmadigina
karar verin ve eger zorlayiclysa maliyet-zorlayict olmayan minimum kuyu arahgini belirleyin.

e Kuyularin derinligi, konumu ve insaatiyla ilgili bilgilerin 6nerisini yapin

o Gereken gaz ekstraksiyon kuyusu sayisi

e Sistem cikis gazi icin gaz aritimi teknolojisi
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TGE tasarim parametrelerine karar verecek olan temel faktorler sunlardir: (1) topraktaki kirliligin dogasi ve
boyutu, (2) topraktaki gecirgenligin dagilimi (heterojenlikler vb. ) ve (3) ayiklanan toprak gazindaki kirletici
derisimi. Bu bilgilerin ortaya ¢ikan kavramsal saha modelinde erisilebilir olarak bulunmasi beklenir.

Tam olcekte bir sistemin tasarim parametrelerini belirlemede gerekli verileri saglamasinin yaninda, dizgiince
gerceklestirilmis bir pilot test danismana isbu projedeki zaman kisitlamalarinin karsilanip karsilanamayacagina
yonelik de yardimci olacaktir. Bu ulasilabilir gaz giderim hizlarinin degerlendirilmesiyle belirleneblir.

ACTIVITY QUESTION(S) ANSWERED

Enjeksiyon basing/debi testi istenilen debinin makul basinglarda elde edilmesi miimkiin mii?

Helyum iz testi Hava dagiliminin yaklasik olarak yatay dizlemdeki kapsami nedir?
Yon egilimleri belirten herhangi bir gosterge var midir?

Haza gazi/cikis gazi Buharlasma hizi nedir? Herhangi bir gbze carpan diizeyde glivenlik

ornekleme tehlikesi var mi?

Coziinmis Oksijen (DO) olgumleri Hava dagiliminin yaklasik olarak yatay dizlemdeki kapsami nedir?
Yon egilimleri belirten herhangi bir gosterge var midir?
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4.1 Geleneksel /Bilinen Pilot Test

TGE uygunlugunu degerlendirmek agisindan geleneksel saha karakterizasyonu verileri 6nemli olsa da bunlar
gorece statik bir gériinim saglar ve tam kapasite tasarim igin yeterli veri saglamazlar. Ozellikle kirleticinin
kiitlesel giderimindeki dinamik davranisi tahmin etmek TGE igin pilot test yapmadan olduk¢a zordur.
Ekstraksiyondaki dinamik davranis cogunlukla su etkenlere baghdir: kirlenmis toprak hacmi, advektif ya da
difusif olarak karakterize edilmis toprak hacminin birbirlerine orani, difuzyon sinirh kaynak bolgelerin kitle
transferi Ozellikleri, kaynaklara gore ekstraksiyon perdelerinin konumlari ve sulu ¢bzeltide olmayan fazda
sivilarin (NAPL) varhgl. Asagidaki tartisma NAPL ‘I gbz 6ninde bulundurmamaktadir, yine de belli bir bolgedeki
israrh olarak ayni derisim miktarlarinin arka arkaya birden fazla ekstraksiyon periyotlarinda neredeyse tipatip
ayni miktarlarda goriilmesi NAPL gostergesidir.

Daha erken bir pilot test calismasi iyilestirme prosesi planlamasi asamasinda, tercihen saha karakterizasyonu
calismasinin bileseni olarak gerceklestirilir. Boylece calisma basladiktan sonra tasarim degisikliklerine gerek
kalma olasiligi daha az olacaktir. Ozellikle gérece biiyiik ve karmasik sahalarda pilot test kesinlikle énerilir.

Bir pilot testin tasariminin yapilmasi istenen bir toplam gaz ekstraksiyon hizi ya da ekstraksiyon siiresi olmasini
gerektirir. ideal olarak pilot testi kirlenmis topraklardan bir ya da daha fazla gézenek hacmine karsilik gelecek
hacimde ¢ekim yapar. Bu testin amaci ayiklanan gazdaki ilk VOC derisimi dislisiint ve degisen uzakliklardaki
toprak gazi sondalarinda da derisim dislslerini gézlemleyebilecek kadar uzun sire calistirmaktir. Bu kitle
transferi kisitlari Gzerine ilk tahminleri verip tek bir kuyunun etkili oldugu yaricapi da belirlemeye baslayacaktir
[DiGiulio ve Varahan, 2001a]. El yordamiyla disunildiginde pilot testin ne hizda ve silirede yapilacagi
kavramsal saha modelinde toplam kirlenmis toprak hacmi (V), toprak gozenekliligi ve toprak nem igerigine
asagidaki denklemdeki gibi hesaplanabilir:

Q =Vtoprak (1_5)

Asagidaki sekilde 3 giinlik 64 Nm?/hr ekstraksiyon islemi sonrasinda stiphelenilen TCE gazi kaynak bolgesine
yerlestirilmis kuyudaki TCE gaz derisimleri verilmistir. Ayiklanan gazdaki derisim toprak gazi ekstraksiyon ve
degisim hiziyla da baglantili sekilde ekstraksiyonun ilk saatlerinde hizli bir dislis gésterdi. Daha sonraki ardisik
ekstraksiyon isleminde TCE derisimi ¢cok daha yavas disUlsler gostermeye basladi. Bunun nedeni vadoz bdlgenin
ortasindaki kil biriminden kaynaklanan difusif kiitle transferi kisitlariydi. Bu gozlemlerin gosterdigi isbu pilot
sistemin bu sahadaki tam olgekli bir sistemin yerini tutabilecek diizeyde oldugudur. Aktif karbonun cikis gazi
buharini aritmada da maliyet acisindan uygunlugu gosterilmistir.
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Daha dusik toprak gecirgenliklerinde istenen debiye ulasabilmek igin ikinci bir kuyu yerlestirilmesi gerekebilir
ya da daha uzun yikama siireleri tasarlanabilir. Ancak bu sekilde kitle transfer kisitlari ortaya ¢ikacaktir. Daha
sonra da acgiklanacag Uzere, kitle transfer kisitlariyla ilgili ek bilgiler ekstraksiyon kesildikten sonra TCE
derisiminin ne dizeyde geri geldigi (rebound) 6lgilerek elde edilmistir. Buna ek olarak, eger TCE gaz derisimi
baslangigta gorece yiksektiyse ve ilk ¢cokme sonrasi yine de gorece yiiksek degerlerde kalabildiyse, ki bu yogun
sulu ¢ozeltide olmayan sivi faz (DNAPL) varligi gostergesidir, karbon tutunumu yiksek kitlece ekstraksiyon
hizlari igin uygun maliyetli bir segenek olmayabilir.

Eger halihazirda yapilmis saha karakterizasyon calismalarindan kalmamigsa, izleme noktalari birden fazla
derinlikte, hatta alt katmanda dahi kurulabilir ve s6z gelimi 3-15 metre uzaklklarla ekstraksiyon kuyusunun etki
yarigcapl icerisinde olacak sekilde kurulabilir. Her izleme noktasi yeraltisuyu derinligi ve jeolojik katmanlasmaya
bagl olarak degisen dikey nokta kiimelerine sahip olabilir.

Asagidaki Sekil 4.3’te de gosterildigi gibi bu noktalar tahmin eidlen kirletici kaynaginin Ustiinde, altinda ya da
icinde olacak sekilde yerlestirilebilir. Pilot test sirasinda gaz derisimini ve vakum tepkilerini dlgmek igin bu
konumlar kullantlir.

1 1 ) . 1 1
. Upper Boundary is Site Specific (eg, Atmosphere, Cap, or Basement) | Upper Boundary is Site Specific (eg, Atmosphere, Cap, or Basement)

Cy Diffusive Source | Diffusive Sources

Cl‘] T

C, Advective Soil I C, Advective Soil I

_U’ Groundwater _Ub Groundwater

AGEIITaRd : : : : ~-Aquitard

Sekil 4.3- Difuzyon sinirli kiitle transferi ve tipik toprak gazi izleme noktalari icin kavramsallastirilmig senaryolar

Vakum verisinin ne dlizeyde kullanish olacagl topragin gecirgenligine dogrudan baghdir ve TGE’nin etki
yarigapini belirlemede bu verilere glvenilemez. Daha énemli olani gaz derisiminde degisikliklerdir. Gegirgen
kumlu topraklarda ¢ok kiiclik bir vakum uygulamasi gérece yiksek hava akimlarina neden olabilecekken killi
topraklarda buyilk 6lcekte vakum uygulamalari pek hissedilebilir bir hava akimina neden olamayabilir. Fakat
vakum izleme verileri dikey dizleme karsilik yatay dizlemdeki akimlari ve ylizey kosullarinin (s6z gelimi bir
levha boyunca sizinti icin distuk gecirgenlik ya da atmosfere acik bir toprak yilzeyi) ylzeydeki toprak
hacimlerinde yikama diizeyine olan etkilerini anlamada kullanilabilirler.

Pilot test sirasinda ugucu organik bilesiklerin (VOC) buhardaki derisimlerinin saglam bir izleme programiyla
denetlenmesi toprak gazi izleme noktalarindaki egilimleri tespit edebilmek igin 6nerilir. Bu egilimler pilot testte
yikanabilmis toprak gozenek hacmiyle iliskilendirilebilip istenen yikama sikligindaki (s6z gelimi gézenek hacmi
degisim hizi) tam kapasite tasarimin hazirlanmasinda bir sonraki bélimde detaylandirilacagi gibi ekstraksiyon
kuyularinin araliklarinin belirlenmesinde kullanilabilir. Toprak gazi VOC verisinin hacmini uygun maliyetle
artirabilmek icin deneyimli bir uygulayici ile arazide gaz kromatografi kullanimi tesvik edilir.

Cogunlukla saglik, glivenlik ve kamu endiselerinden 6tiirl ¢ikis gazlarinin aritilmadan desarj edilmesi kabul
edilemez. Eger kosullar bunu gerekli kiliyorsa cikis gazi aritimi igin aktif karbon, termal oksidasyon ya da diger
ilgili teknolojiler atmosfere salinacak ¢ikis gazindaki kaliteyi artirmak icin uygulanabilir.
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4.1.1 Geleneksel Pilot Test Ekipmanlar

TGE pilot testi calismasi icin gereken ekipmanlar asagida belirtilenleri ya da esleniklerini icerebilir [Farallon,
2019]:

e Bir adet bir beygir gliclinde kizakh geri kazanimli Rotron DR 404 denginde minimum 50 in¢ su kolonu
vakumu (127 cm) ve dakikada 105 standard fit kiip (2.9733 metrekiip) debiye ulasabilen fan.

e Vakum gostergeli bir nem ayiricisi, vakum tahliye vanasi ve drenaj vanasi.

e Bir seri vanadan olusan bir manifold, vakum gostergeleri ve dakikada 0.66’dan 100 standart kiibik fite
(0.0187’den 2.8317 metrekipe) kadar 6l¢lim yapabilen ve 0.1 ile 80 in¢ (0.254 ile 203.2 cm) su kolonu
basincinda ¢alisabilen akim metre

e TGE ekstraksiyon kuyusundan gaz desarj noktasina ekipmanlari baglamak icin kauguklanmis esnek
birlestiriciler, hortumlar ve/ya Schedule 40 polivinil klorir baglantilar

Gozlem kuyulari kiresel vanada sonlanan vakum gecirmez baglanti parcalarina sahip olmalidir. Bu vanayla
vakum Olcerle baglanip pilot calisma boyunca gozlenen vakumun izlenmesi saglanacaktir. Proses ve cihaz
diyagrami asagidaki Sekl 4.4’te verilmistir.
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Sekil 4.4- Ornek proses ve cihaz diyagrami (Farallon Consulting)

4.1.2 TGE’de artan vakum basamagi testi

TGE pilot testi en az 3 farkh hava akimi debisi basamagina sahip olacak sekilde gerceklestirilmelidir. Testteki her
bir basamagin siiresi en azindan vakum izleme noktalarinda oél¢lilen parametrelerinin her birinin duragan kosula
ulasilmasina kadar strmelidir. Ekstraksiyon kuyusunda ki ve butiin toprak vakum izleme noktalarinda basing
Olgcimleri gaz ekstraksiyon kuyusundaki debi ve vakum sabit tutulurken (bunu yapabilmek icin sik sik él¢climler
yapilmalidir) alinmalidir. Pilot testin baslangicinda 6l¢timler sik olmahdir (her 5 ya da 10 dakikada bir gibi); bu
Olgclimler arasi zaman test ilerledikge uzatilabilir.
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Pilot test icin minimum olarak bir adet toprak gazi ekstraksiyon kulesi ve 3 adet ekstraksiyon kuyusundan farkl
uzakliklarda konumlara yerlestirilmis vakum izleme noktalari énerilmektedir. Her ne kadar bu ise adanmis
toprak gazi ekstraksiyon kuyulari ve izleme noktalari tercih edilecekse de uygun konum ve yapida olan
yeraltisuyu izleme kuyulari da kabul edilebilirdir. Bu s6zii edilen yeraltisuyu kuyularinin TGE ekstraksiyon
kuyusu ya da izleme noktasi olarak kullaniminin kabulli sahaya 6zgli olarak yapilacaktir. Genel bir kural olarak
vakum izleme noktalari gaz ekstraksiyon kuyularindan 5 ila 10 feet (1.524 ila 3.048 metre), 10 ila 20 feet (3.048
ila 6.096 metre), 20 ila 40 feet (6.096 ila 12.192 metre) ve 40 feet'ten (12.192 metreden) daha uzak olacak
sekilde 5 farkh konumda bulunmalidir. Vakum izleme noktalari ¢izgisel bir sekilde dizilmekten ziyade isinsal
olarak, sdz gelimi 120° acilarla yerlestiriimess sahadaki hava akiminin daha kolay gectigi potansiyel éncelikli
patikalari degerlendirmeye yarayacaktir. Eger topraktaki kirlenme birden fazla farkl gecirgenlikte olan birimde
gerceklesmisse her bir birim kaymani kendi toprak gazi ekstraksiyon kulesi ve 3 adet gaz izleme noktasiyla
degerlendirilmelidir.
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Sekil 4.5- TGE izleme noktasinin 120° ‘sinde tipik bir konuslandirma (Confalonieri vd., bkz Ek1)

Tipik bir hava ekstraksiyon kuyusu 1 ila 4 in¢ (2.54 ila 10.16 cm) ¢apinda dikey bir kuyu olup 1 ila 5 fit (0.3 ila
1.52 metre) uzunlugunda perdelenme araligina sahiptir fakat bu parametreler sahaya 06zgi olarak
belirlenmelidir.

TGE basamakli test asamasinin uygulanmasindan ©nce gozlem kuyularindan arka plan basing verileri
toplanacaktir. Ayrica organik buharlar icin FID ya PID ve explosimetre ile yapilacak bir tarama calismasi da
Onerilmektedir.

TGE basamak testleri TGE ekstraksiyon kuyusunda uygulanan vakumun ¢ok kiicik kademelerle artirilmasi ile
gerceklestirilir. Uygulanabilecek maksimum vakum su tablasi ile vakuma maruz kalacak perdenin en Gst noktasi
arasindaki mesafeye ya da elde bulunan ekipmana baglidir. 1 beygir glicli rejeneratif fana gore olusturulan fan
egrilerine dayanarak TGE ile ekstraksiyon kuyusunda uygulanabilecek maksimum vakum tahmini olarak 50 ing
(127 cm) su kolonudur [Farallon 2019]. Kiiglk artimlar fandaki maksimum vakumlama hizinin % 30’luk, 70’lik ve
100’lik oranlarinda uygulanacaktir. Basamak testinin her bir asamasinda asagida belirtilen parametreler
minimum olarak 15 dakika araliklarla ilgili 6lgttler stabilize olana kadar (6lgimler arasi % 5’ten daha az degisim)
ya da maksimum olarak her basamakta 2 ila 3 saat boyunca izlenmelidir:

e  TGE ekstaksiyon kuyusuna uygulanan vakum degeri
e  TGE ekstraksiyon kuyusundaki ekstraksiyon debisi
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e Ayiklanmis gazin sicakhgi

e Bir fotoiyonizasyon dedektori ile ayiklanan gaz akimindaki ucgucu organik bilesim derisimlerinin
Olglimleri

e  GoOzlem kuyularindaki vakum

e Vakum degerleri 6lclilen basing degerleri seklinde kaydedilecek.

Pid Lel 02 CO2 Depress \'} T Q
minutes ppm % % % mbar m/s °C mc/h
0o 480.1 18 21.3 1.22 -286.0 7.74 1.4 47
10 2147.0 16 21.5 3.45 -258.0 6.57 0.8 47
30 2371.0 13 20.9 3.16 -249.0 6.23 l 43
60 4106.0 13 20.9 2.7 -236.0 6.77 4.1
20 4469.0 10 20.9 2.26 -232.0 7.46 4.6
120 5000.0 10 20.9 2.08 -229.0 8.27 5.2 57
180 5000.0 9 20.9 1.83 -225.0 9.03 5.9
240 5000.0 9 20.9 1.62 -222.0 9.53 6.9
300 5000.0 8 20.9 1.44 -220.0 9.6 7 72

Sekil 4.6- izleme masasi 6rnegi (Confalonieri vd., bkz. Ek1)

Gaz ornekleri Summa metal tiplerinde ve/ya Tedlar cantalarinda ve/ya benzer ve denk destekli kaplarda
toplanmali ve her basamagin sonunda PID ile ayiklanan gazda 6l¢lilen en yiksek derisim degerinde laboratuvar
analizine génderilmelidir.
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4.1.3 TGE Sabit Vakum Testi

TGE’deki basamakl testten sonra ideal vakum ve ekstraksiyon debisi elde edilecegi icin TGE pilot ¢alismasinin
ikinci bileseni olan sabit vakum testi asamasina gegcilebilir. Optimum vakum ve debi ekstraksiyon kuyusunda
gozlenen vakum ve debilere, gdzlem kulelerindeki vakum tepkisi ve gaz geri kazanimina ve yeraltisuyu
dizeylerine olan etkiye bakarak belirlenmelidir. Optimum debi ayni zamanda basamak testi asamasinda dlgilen
etki yaricapindan da belirlenebilir.

TGE Sabit Vakum Testi TGE basamak testinden hemen sonra uygulanmali ve yaklasik olarak 24 saat boyunca

calistirlmalidir. Basamak testinde izlenen parametreler bu sabit vakum testinde de izlenip 15 dakikalik
araliklarla kayit edilecektir. Bu parametreler:

o  TGE ekstraksiyon kuyusuna uygulanan vakum degeri

e  TGE ekstraksiyon kuyusundaki ekstraksiyon debisi

o Ayiklanmis gazin sicakhgi

e Bir fotoiyonizasyon dedektorii ile ayiklanan gaz akimindaki ugucu organik bilesim derisimlerinin
Olgtimleri

e  GoOzlem kuyularindaki vakum

e Vakum degerleri dlgiilen basing degerleri seklinde kaydedilecek.

Arazide yapilan gozlemlere dayanarak pilot testteki izZleme zamani araliklari degistirilebilir. TGE Sabit Vakum
Testinin daha uzun sire olmasi duragan kosullara ulasildigindaki salim derisimlerini ve sahaya 6zgl operasyonel
TGE hava akimi ve vakumunun degerlendirilmesine yardimci olur.

33



Gaz ornekleri Summa metal tiplerinde ve/ya Tedlar cantalarinda ve/ya benzer ve denk destekli kaplarda
toplanmali ve TGE Sabit Vakum Testi sonunda laboratuvar analizine génderilmelidir.

4.2 Helyum Dagilimi ve Geri Kazanimi Testi

Her ne kadar sinirli arzdan dolayl Helyum iz testi yayin bir pratik olmasa da bu yontemin bir diger glicli yani
kolay bir sekilde tekrarlanabilmesi ve tekrarlar arasi gecikmenin yalnizca bir ka¢ saat ve tirevi olmasidir. Bu
sayede prosesteki degisimlerin, s6z gelimi kuyulardaki hava akimi dagiimdaki degisimlerin hizli bir sekilde
degerlendirilmesi mimkinddr.

Gorece ucuz, rahat bir sekilde bulunabilen ve arazi kullanimi i¢in gerekli ekipmanlarin ulasilabilir olmasindan
dolayi helyum en sik kullanilan izleme gazidir. Tipik dedektorler helyum derisimini 0.1 % ile 100 % derisimler
arasinda tespit edebilmektedir. Fabrikada kalibre edilen bir sistem oldugundan arazide tekrar kalibre edilme
duruma olmayacaktir, fakat cihazin uygun bir sekilde c¢alisip ¢alismadigini kontrol etmek igin helyum
standartlariyla gesitli kontroller yapilmalidir. Tipik olarak gaz 6rnekleri metal tipler ya da Tedlar ¢antalarinda
toplanmalidir. Daha sonra 6l¢lim igcin helyum dedektori 6rnegin konteynirina dogrudan tutturulur. Alternatif
olarak helyum dedektori sirekli 6rnekleme sistemi seklinde modifiye edilebilir. TGE ¢ikis gazi icin kesintisiz
ornekleme yapmak bu tarz kesintisiz bir gaz akisi uygun olarak bulunurken oldukga kolaydir.

Burada tanimlanan iz geri kazanimi testleri pilot testin bir pargasi olarak ya da tam kapasite operasyonda
yapilabilir. Testler uygulama ve yorumlama agisindan olduk¢a basittir. Kabaca, etkilesimi girmeyen bir iz
(cogunlukla helyum) zemine sabit ve bilinen bir hizda uygulanir ve TGE ¢ikis gazinda bu iz igerigin derisimi takip
edilir. Belli bir zaman sonra (bir ¢ok sistem igin bu bir saat ya da daha azdir) ¢ikis gazinda verilen izin derigimi
artmaya baslar. Belli bir siire bu artis devam ettikten sonra sabit bir ylizeye ulasir. Elde edilebilen havanin
ylzdesi su sekilde hesaplanabilir: helyumun TGE’deki derisimi sabitlendikten sonraki hava derisim degeri TGE
debisiyle carpilir ve bu sonug izin enjekte edilme hizina asagida verildigi gibi bolindr.

SVE flowrate

%Recovery = —
Trace injection rate
% hava kazinimi= TGE debisi ¢ikis hazindaki % iz 100

X % tracer inof fgas x 100

Daha saglam bir arazi geri kazanim testi ise 6ncelikle TGE manifolduna dogrudan izi enjekte edip %100 geri
kazanim derisimine karsilik gelen degeri olgmektir. (Her iki durumda da akimin ayni olmasina 6zen
gosterilmelidir ¢cinki iki sistemin geri-basinglari ciddi 6l¢tide farklidir.) Bu durumda da % geri kazanim TGE ¢ikis
gazinda 6l¢lilen helyum derisiminin % 100 geri kazanim derisimine bdlinmesiyle bulunur.

Eger iz olarak helyum kullaniliyorsa yukarda kalma sorunlari (buoyancy) olmamasi icin enjeksiyon derisimi
hacimce % 10’un altinda tutulmalidir Degisen geri basing kosullarinda tutarl helyum akimini elde edebilmek igin
kalibre edilmis dogrudan okuma sistemli akim metre basing 6lcer ve dlgme vanasiyla birlikte kullaniimalidir.
Boylece akim metrede yiiksek geri basing elde edilir.

iz geri kazanim testi sistem performansi icin “tehlike isareti” olacak sekilde tasarlanmistir. Eger iz geri kazanimi
duslik ise havanin ve izin su tablasi altinda distk gecirgenligi olan katmanlarda kilitlenip kalmis olmasi olasidir
ve TGE sistemin ulasabildigi yerlerin disinda yatay olarak hareket ediyor olabilir.

Bazi durumlarda kesintisiz katmanlardan dolayi kuyuya hi¢ helyum gelmemesi de olasidir. Bu gibi katmanlarin
varligi sistem acilis ve kapanisi sirasinda yapilan yeraltisuyu basinci izlemelerinde de belirlenebilir olmalidir.
Boylelikle, helyum geri kazanim testinin yeraltisuyu basing dl¢iimleriyle birlikte uygulanmasi dnerilmektedir.

Eger helyum geri kazanimi s6z gelimi % 80’den daha yiksek ise bu TGE sisteminin iyi ¢alistigini ve gazin yatay
hareketinin bir problem teskil etmeyecegini gosterir.
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4.3 Toprak Gazi izlemesi
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Sekil 4.8- Yuva Sonda Kurulum Ornegi (Trezzi vd., bkz. Ek1)

Pilot test sirasinda olasi laboratuvar analizi icin her bir debi basamaginda toprak gazi ekstraksiyon kuyusundan
toprak gazi ornekleri toplanmalidir. Laboratuvara analize gonderim agisindan érnekleme sikhgl ve 6rnek sayisi
sahaya 6zgl kosullara gore belirlenmelidir. Yine de minimum olarak arazi cihazlarinda okunan en yiksek
degerin goruldiglu basamaktan bir adet 6rnek laboratuvara génderilmelidir. Gaz 6rneklemesi kuyunun basi ile
fan arasindaki 6rnekleme deliginin bulundugu gaz ekstraksiyon noktasindan yapilmaldir. VOC, CO, ve O,
analizleri icin ornekler Tedlar c¢antasiyla, odun komiri iceren tlple ya da Summa-tipi metal tiplerle
toplanabilir, ki en sonuncusu onerilir. Analitik yontem projenin teknik ekibi tarafindan onaylanmis olmalidir.
Draeger tilipleri CO, olciimleri icin yaygin olarak kullanilmaktadir ve VOC derisimleri 6lgmek i¢in de kabul
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edilebilir. Eger belirli minimum raporlama gereksinimleri sahaya 6zgl kosullardan 6tiri karsilanamayacaksa bu
actklanmali ya da tartisiimahidir.

Cikis gazindaki kirletici derisiminde artis ve TGE ekstraksiyon hizi kirletici kitlesi giderim hizini belirlemede
kullanilabilir. Elbette ki pilot testin kisa siiresi sirasinda yapilan denemeler uzun dénem performansin ne
dizeyde olacagini kesin olarak géstermez. Yine de genel olarak pilot testte goriilen performansin sistemin
maksimum verimini belirttigi varsayilabilir. Bu baglamda s6z gelimi pilot denemenin kapanisinda 6l¢tlmus
kitlesel giderimler cok dislik ise bu sahada TGE sisteminin ise yararhligi konusunda ciddi endiseler olusmalidir.

4.4 TGE arazi denemesi icin minimum olmasi gereken ekipmanlar

TGE sistemi icin yapilacak bir pilot test mekanizmasi kirletici alan Ustlinde bir ekstraksiyon kuyusu, benzer
yapida ama belgelndirilmis bir kirletici kaynagi olmayan baska yere konuslandirilmis bir kuyu ve ilgili gézlem
kuyularini igerir. Pilot test konfigurasyonunun diger 6nemli bilesenleri:

Tasinabilir fan ya da vakum ayiklayici

e  Kuyu 6rnekleme delikleri

Ekstraksiyon kuyulari igin 6lciim cihazlari
Ornek toplama ekipmani

Yaygin kullanilan 6l¢iim aletleri:

e fotoiyonizasyon olglict dedektor (PID), salinan ugucu bilesiklerin miktarini 6lger

e Belli miktarda vakum pompalari / 6lgimleri ve hava gegis hizi 6lgerleri ile ekstraksiyon kuyusunun etki
cemberinin belirlenmesinde yararlanilir

o sicakhk olcerler ile toprak gazinin sicakhgl belirlenir, ki bu parametre genel hava akisi hizini
etkileyebilmektedir.

Ornek ekipmanlar icinde:

e “"Tedlar”” ¢antalar ve portatif hava pompalari, giris ve ¢ikis 6rnekleri toplayabilmek igin
o Tek kullanimhk “’bailers”” lar, gozlem kuyularindan su ya da trin 6rnekleri toplayabilmek icin

4.5 Ekstraksiyon Kuyusu

Ekstraksiyon kuyulari SVE iyilestirme pilot deneme sistemlerinin temel birimini olusturmaktadir. Bu kuyular
kirleticilerin vadoz bolgeden c¢ikarilmasi icin negatif basing degisimi uygulayak bir yol olusturur. Kirleticiler
ekstraksiyon kuyularina dogru "emilirler” ¢linkii bu noktalarda bulunan basing diger yerlere goére daha azdir. Bir
giderim teknigi olarak gaz ekstraksiyonunu uygulayan bir iyilestirme tekniginin basarili olabilmesindeki kilit
nokta bu basing degisikliginin ne diizeyde/miktarda uygulanacaginin dogru belirlenmesidir. Bu tip bir bilgiyi elde
etmenin yaygin bir yolu pilot test uygulamasidir.

Elbetteki yalnizca ekstraksiyon kuyusundan ornekleme yapilirsa elde edilen yapbozun bir ¢ok pargasi eksik
olacaktir. Her ne kadar ekstraksiyon kuyusunda yapilacak gozlemler bu sahanin ekstraksiyon yapuilan
alanindaki degisimi gosterecek olsa da bunun pek de 6tesine gitmeyebilir. Burasi gézlem kuyularinin gok 6nemli
oldugu noktadir. Gézlem kuyulari ekstraksiyon kuyularina benzer bir sekilde perdelenmis olup yeraltisuyu
dizeylerindeki dalgalanmalari, gaz basinci degisimlerini ve hatta kirletici bulutundaki goc¢ olaylarini 6lclp
uygulayicilar bilgilendirebilecektir. Hem ekstraksiyon hem de gozlem kuyularindan diizenli olarak érnekleme
yapildiginda bilim insanlari blylik resmi gorebilecektir ve bu her haltikarda bunun yalnizca bir pargasini dlgen
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sistemlerden daha dogru bir sonuca ulastiracaktir. ideal olaak yapilan élgiimler igerisinde su diizeyi gdstergesi
ile Olgllmis yeraltisuyu tablasi , arayliz sondasi ile o6lglilecek herhangi bir serbest faz Urinin kalinhgl ve
fotoiyonizasyon olgerler ile belirlenecek VOC'larin derisimleri bulunmalidir. Toplanan 6rnekler ekipmanlara
giren ve ¢ikan hava orneklerini ve ayiklanan gaza uygulanan herhangi bir ¢ikis gazi aritimi sonrasi olusan gazi
icermelidir. Bu toplanan oOrneklerin laboratuvar ortaminda ucucu organik bilesikler (VOC) ve toplam petrol
hidrokarbonlari (TPH) degerleri agisindan analizleri yapilmalidir. Analizler icin sahaya 6zgi cesitli gereksinimler
de farkh olabileceginden her hallikarda yerel dlizenleyici otorite ile iletisime gecip 6neri/rehberlik almak iyi
olacaktir.

4.6 Pilot Test Onerisi - Minimum Basvuru Gereklilikleri

1. Arazideki prosedirleri, pilot testin sonuglarini ve ayni zamanda etki yaricapinin belirlenisini ve kirletici
bilesimi ile gaz giderim hizlarinin tartisiimasini iceren anlati.

2. Statik (test 6ncesi) veri:

e Statik su tablasi verisi (en yakin 0.01 ft (0.3 cm) hassasliginda), eger izleme kuyulari kullaniliyorsa vakum
izleme noktalari ya da gaz ekstraksiyon noktalari selinde;

e Toprak ve hava sicaklig;

e  Statik basing (in¢ H,0 (su)), ve atmosferik kosullar (basing ve sicaklik)

3. Ekstraksiyon noktasinda toplanan test verisi (belirli zaman araliklarinda raporlanir)

e Hava debisi;

e Eger izleme kuyulari varsa 0.01 ft (0.3 cm) hassasiyetinde su kitlesi ylksekligi
e VOC, CO, ve O, derisimleri;

e FID( ya da PID ve explosimetre) él¢limleri

e basing;

o Toprak ve hava sicakligs;

4. Vakum izleme noktasinda toplanan test verisi (belirli zaman araliklarinda raporlanir)

e vakum (H,0 ing);
e (.01 ft hassasiyetinde su kiitlesi yliksekligi

5. Sekiller

e Kaynak alan(lar)in konumlarini, ekstraksiyon ve vakum izleme noktalarini, yapilari, désenmis alanlari ve
yardimci hendekler, toprak ve yeraltisuyu kirliliginin kapsamini ve su tablasini 6lcekli olarak gosteren
saha haritalari

e Sahanin 6nemli jeolojik 6zelliklerini, kirletici dagilimini ve ekstraksiyon/izleme noktalarinin konumlarini
gosteren jeolojik kesitleri;

e  Ekstraksiyon kuyulari ve vakum izleme noktalarinin insaat diyagramlari.

e Manifold tasariminin insasinin sematik gosterimi. Bilesenler borular, cihazlar, vanalar, 6rnekleme
delikleri ve pilot deneme sisteminde bulunan diger her bilesenlerdir.

6. Grafikler:
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e Her bir debi basamaginin ekstraksiyon kuyusundan uzakligin (yari-logaritmik kagida cizilmis) veriye
karsilik normalize edilmis vakum (noktasal vakum izleme, noktasal vakum ekstraksiyonu)

e Hava akimi hizindaki her bir basamak igin ekstraksiyon kuyusundaki hava akimi ve H,0 ing cinsinden
uygulanan vakum

e Zamana karsi toplam ugucu organic bilesik (VOC) gaz fazinda derisimi

e Zamana karsi yeraltisuyu ylksekligi

4.7 Pilot Test Alternatifi

Hem uzun vadede hem de ekonomik anlamda iyilestirme galismasi igin pilot test yapilmasi idealdir. Fakat baz
durumlarda bu segenek yapilabilir olmayabilir. O halde g6z 6niinde bulunduralacak diger secenekler de vardir.
Her ne kadar kurulum 6ncesi bir kag 6n test uygulamak kadar son raddede uygun maliyetli olmasalar da bu
secenekler de kabul edilebilir sonug tretmeleriyle bilinirler.

Pilot test uygulanmasina ilk alternatif basitce alanda gegici bir iyilestirme sisteminin kurulmasi ve iyilestirmeye
aninda baslanmasidir. Teknolojideki ilerlemeler sayesinde daha ¢ok yonli, kiglk TGE sistemleri Uretildi ve
bazilari kiralik kullanima da sunulmaktadir. Bu daha kiigclik ve hareketli sistemler her hangi bir degisiklik
yapilmasi gerektiginde dnceden goriip 6nlem almaya firsat verirler.

Pilot teste ikinci alternatif ise alan karakteristiklerini tahmin etmek icin genellenmis referans bilgilerin
kullaniimasidir. Litoloji ve kabaca kirlenme uzami bilindiginde toprak gecirgenligi ve hava akimi tahmini igin
tane boyutu analizi bilgileri kullanilabilir. Bu tarz kabaca hesaplar kirlenme diizeyi kiiciik olan sahalarda iyi
sonug Uretebilir. Bu yontemin dezavantajlari arasinda, sahanin tahmin edildigi kadar homojen olmayabilecegi
ve farkli karakteristiklere sahip olabilecegi durumu ve katmanlasmis jeolojik kosullarin gérece belirgin zorlugu
vardir. Bunlara ek olarak, eger sistem hava salimi iceriyorsa havadaki derisimlerin tahminleri bizzat iyilestirme
uygulamasindan 6nce bulunmayacaktir.

Atmospheric
Discharge

Appropriate f
Vapor 'ruﬂtment_\

Sekil 4.9- Bir fan ile olusturulmus sema

Bu basamaklar ardisik bir sekilde de ardisiklik olmadan da uygulanabilir.
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5 PERFORMANSIN iZLENMESI

izlemeler iyilestirmenin operasyonel fazinda islemin performansini degerlendirmekl icin, sistemi kapatip
toplamadan 6nce de temizleme 6lgltinin saglanip saglanmadigini test etmek igin yapilir.

izleme planinda sistem baslangici ve kapanista temizlik onaylanmasi bélimlerinde daha sik érnekleme
olmalidir. Operasyonel faz izlemesinde sistem optimize olduktan sonra 6rnekleme sikligi ve yogunlugu
azaltilabilir [USACE, 2002]

5.1 Operasyonel Faz izlemesi

Rutin izlemeler sirasinda dikkat edilmesi gerekli olan parametrelerin kisa aciklamalari asagida verilmistir.

511

5.1.2

Kimyasal Parametreler

lyilestirme prosesinin verimliliginin 6lctilmesi icin toprak gazi kimyasal izlemeleri gereklidir. Bu toprak
gazl munferit ekstraksiyon kuyularindan ve toprak gazi sondalarindan érneklenmelidir. Operasyonel faz
sirasinda arazi cihazlari, alevle iyonizasyon detektori (FID) ya da foto-iyonizasyon detektorleri olarak,
stk ve sirekli toplam VOC ol¢limleri i¢in kullanilmaktadir. Yukarida sozii edilmis cihazlarla yapilan
Olgclimler tarama olarak nitelendirilmelidir. Bunun nedeni dedektorlerin secici tepki vermemesi ve az
sonra deginilecek diger kisitlamalardir [EPA, 2001].

0 Konvansiyonel bir foto iyonizasyon dedektor (PID) lamba kullanildiginda bir ¢ok VOClarin
ylksek iyonlasma potansiyelinden 6tliri tespit edilemeyeceklerdir.

0 Gaz matris etkileri, nem, karbon dioksit ve alkanlar (6zellike metan) PID tepkilerini dusdrirler.
Bununla birlikte eger bagll nem olduk¢a ylkse ve % 100’e yakinsa dedektor Ustiinde
yogunlasmalar olacagindan hatali pozitif tepkiler (UGretilecektir. Bu sinyal sensérdeki
elektrodlarin arasindaki akimin sizintisindan kaynaklanmaktadir [RAE System, 2013].

0 Bir ¢cok VOC'taki yiiksek halojen miktari FID dedektori kullanildiginda azimsanmis sonuglar ve
hatta hig tespit edilememeye neden olacaktir.

TGE sistemindeki ve olasilikla miinferit ekstraksiyon kutyularindaki VOC ve debi 6l¢cimleri doymamis
toprak bolgesinden kirletici kitlesi giderimini hesaplamak icin kullanilmalidir.

Genel olarak ¢ikis gazi aritiminin 6ncesi ve sonrasinda (karbon metal tiplreden 6nce ve sonra) hava
salimi kontrol sisteminin verimliligini degerlendirmek igin kirletici derisimi 6lglimleri yapilir.

Yeraltisuyu kimyasal izleme: vadoz bolgede iyilestirme calismalari yeraltisuyu kosullarindan bagimsiz bir
sekilde isletilmemelidir. S6z gelimi doymamis toprak kilcallihk eylemleri ve su tablasi diizeyi
dalgalanmalari ile yeniden kirlenebilir. Yeraltisuyundaki kirletici derisimleri de sivi fazdan toprak gazina
kitle transferini degerlendirmek igin izlenmelidir.

Fiziksel Parametreler

Toprak ve gaz sicakhigl olcimleri: Gaz sicaklik verileri gaz kontrol sistemlerinin verimliligini
degerlendirmekte faydali olabilir ve asagida tartisildigi gibi debilerin normalize edilmesini saglayabilir.
Toprak sicakligi degerleri vadoz bolgede meydana gelen biyoyikim (biodegradation) siregleri icin bir
gosterge olabilir.

Bagil nem: nem icerigi gozeneklerde akiskan hareketlerini destekleyecek boslugun hacmini azaltir. Bu
ylzden yiksek nem diizeyleri vadoz bélge boyunca hava gecirgenligi ve hava akimini dislinebilir, ayni
nedenden dolayi da toprak gazi izleme sonuglarini etkileyebilir. Ayrica, ayiklanan gazin bagil nem degeri
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fani korumak i¢in ve gaz emisyon kontrol sistemlerinin verimini artirmak icin dusdrdlebilir (bagil nemin
%50’den fazla oldugu durumlarda aktif karbonun tutma kapasitesi ciddi 6lctide azalir.) Genelde buhar
akiminin bagil nemi bir hava isitma sistemiyle disdrilebilir [USACE, 2002]. Cogunlukla sistemle
kurulmus fan bu is icin gereken isiy1 getirmektedir. Buhar akiminin ne diizeye kadar isitabilecegi aktif
karbon kullanimi sirasindaki izin verilen en yiksek sicaklikla sinirhdir.

e Su dizeyleri: bu degerler vakum uygulamasi sonucunda ylkselme derecesini gozleyebilmek igin
ekstraksiyon kuyulari alaninda 6lgiilmelidir. Ozellikle su tablasindaki dalgalanmalari 6zel bir dikkat
gosterilmelidir, ¢linkii bu degisimler kati, sivi, gaz fazlari arasinda kirletici kitle transferini artirabilir.
Ayrica su ylikselmesi iyilestirme bolgesinde asiri neme neden olarak aktif karbonun tutuculuk
kapasitesini duslrebilir. Bu sorun nem ayrimini gelistirerek ve/ya yikselme ile gelen yeraltisuyunu
bizzat baska bir yere pompalayarak diizeltilebilir [USACE, 2002].

o Debi Olglimi: her bir kuyudaki debi verisi ile uygulanan vakum basinci birlikte degerlendiginde vadoz
bolgenin hava gegirgenligi diizeyi hakkinda fikir verebilir. Debi degerlerini standart sicaklik ve basinca
gore normalize etmek diger calismalardaki verilerle karsilastirma yapilabilinmesi agisindan oldukga
onemlidir.

e Vakum / basing olcimleri: farkli noktalarda ve derinliklerde yapilan vakum o&l¢iimlerinden alinan
degerler hava akimi yollarinin bir gostergesidir. Vakum olglimlerinden elde edilen basing degisimleri
yatay ve dikey dizlemde hava iletkenligi tahminleriyle birlestirilerek gezinti slresi ve hiz
degerlendirmelerinde kullanilmalidir [Truex, 2013].

5.1.3 Meteorolojik

Meteorolojik veri (yagmur, barometrik basinc, hava sicakligi gibi) kaydedilmeli ve izleme sonuglarinin dogru
yorumlanabilmesi icin hesaba katiimalidir.

e Yagmur: yagis olaylari ucucu kirleticilerin toprak boyunca tasinmasini sinirlandirarak TGE performansi
ve toprak gazi izleme sonuglar lizerinde 6nemli etkiye sahip olabilirler. Bu ylizden ciddi bir yagistan
sonra (yarim in¢ [1.27 cm] ya da daha fazla yagmuru takip eden 24 saatlik periyot) toprak gazi
orneklemesi yapilmamalidir. Bu bekleme siiresi toprak drenaj egrileri baz alarak belirlenmelidir [CalEPA,
2015].

e Barometrik basing: Atmosferik basingtaki dalgalanmalar ylzeyalti ve atmosfer arasi gaz gecisini tetikler.
Doymamis bolgedeki atmospferik basingtaki dogal dalgalanmalar sonucunda olusan gaz hareketlerine
“barometrik pompalama” denmektedir. Atmosferik basing distiginde gazlar ylizaltindan yukariya,
atmosfere dogru hareket ederler. Tam tersi durumda da, atmosferik basing arttiginda temiz hava
topraga asagida dogru ilerlemeye baslar [Kuang, 2013] Barometrik basingtaki degisimlerin atmosferik
gazlarin tasinmasina olan etkisi sistem kapatma sirasinda daha da belirgin olabilir.

5.2 Temizlemenin Onaylanmasi ve Sistemin Kapatilmasi

Genellikle iyilestirme prosesinin amaci farklh ¢evresel matrisler icin dnceden belirlenmis kalite standartlarinin
elde edilmesidir. TGE icin nihai kapatma olgltl genellikle topraktaki yasal ya da risk bazh belirlenmis derisim
standartlarina ulasip ulasmamaya baglidir. Bununla birlikte toprak 6rneklemesi hem maliyetlidir hem de
potansiyel olarak bozucu etkiye sahiptir. Ayrica tutarl bir bicimde kalinti kirlenme miktarini tahmin etmek ¢ok
ciddi boyutlarda ve sayida toprak orneklemesi gerektirir, ¢clinkli toprak karismamis, heterojen bir ortamdir
[USACE, 2002]. Bu nedenle buylk olcekli bir toprak o6rnekleme calismasina baslamadan o6nce diger
parametrelere (kanit cesitlerine) bakilarak, gerekli izlemeler yapilarak iyilestirme sireci takip edilebilir ve
iyilestirme hedeflerinin ulasilabilecekmis gibi goziiklp goziikmedigi degerlendirilebilir.i
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5.2.1 Temizleme Onaylanmasi ile Degerlendirilebilecek Olasi Kanit Kaynaklari

toprak orneklemesi: pahali ve bozucu Temizlemenin teyit edilmesi ve sistemin kapatilmasi icin sonucu
kullanilacak toprak orneklemesi topraktaki derisim dagiliminin heterojenligine ve VOC icin toprak
orneklemesindeki belirsizliklere dikkat etmelidir [USACE, 2002].

Ayiklanan gazda derisim egilimi: Ekstraksiyon kuyularindaki VOC derisimi kirletici kiitlesi giderimine bir
Olger gbrevi gorir ve iyilestirme slrecinin de bir gostergesidir. Genellikle bir ka¢ aylik operasyondan
sonra veriler ¢ok hizli bir dislis egilimi gostermeye baslar, ki bunun sonucuna derisim asimptotik
diizeylere ulasmaktadir (bkz. Sekil 5.1 ve Sekil 5.2) Bir ¢cok vakada asimptotik kosullara ulasiimasi karar
verici nokta olma ozellgindedir ve teknolojinin performans sinirlari ile havalandirma sisteminin
kapanmasi zamanlarini belirtir. Fakat ¢ikis gazinda diisiik asimptotik gaz derisimi gézlenmesi kirlenmis
topraktan kirletici maddenin kiitlece gideriminde katedilen yolu géstermede gerekli fakat kendi basina
yeterli olmayan bir gostergedir. Cikis gazinda asimptotik derisim gdériismesi havalandirma sistemi
tasarimi (s6z gelimi kuyular arasi aralik) ya da operasyon kosullari (s6z gelimi debi) ve ayrica ya da
birlikte gaz transfer hizindaki kisitlamalarindan dolayi olabilir [EPA, 2001].
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Sekil 5.1 — Kirletici kitlesi giderimindeki egilimler (TGE): kg PCE/giin
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Gaz ekstraksiyonu islemi kuyularin yakininda ya da arasinda iyi yikanan toprak bolgelerinde oldukca
etkilidir, bu yiizden toprakta bu denli iyi sekilde gazi ayiklanamayan bélgelerde ¢ok ciddi miktarlarda
kirletici miktari varken yukarida s6z edilen kuyu-yakin bolgelerde VOc derisiminde diisik asimptota ¢ok
daha erkenden ulasilinabilir.

Ayiklanan gazda asimptotik derisim diizeylerine ulasiimasi toprak havalandirmasinda hiz kisitlamalari
oldugunu da ima ediyor olabilir. Eger ekstraksiyon hizi toprak medyasinda farkl fazlar arasinda (kati,
sivi ve gaz) difuzyon hizindan daha fazla olursa topraktaki ve sudaki bitin kirleticiler gideriimeden
ayiklanmis gazda derisim dislst gorilebilir [USACE, 2002].

Toprak gazi izlemesi: toprak gazinin 6rneklenmesi gérece daha ucuzdur ve hava daha karisik bir medya
oldugu icin elde edilecek veri de daha blylk bir alandan entegre olacaktir. Bu ylizden toprak gaz
Olcerlerde VOC izlemesi yapmak bliyiik olasilikla daha 6nce a) ve b) de tanimlanmis iyilestirme sirecini
izleme yontemlerinden daha verimli ve etkilidir. Toprak gazi 6rneklemesi standart bir prosedir
izlenerek yapiimalidir. Bu prosediir izleme sonuglarinin stiindeki arazi kosullarinin etkisini (litoloji, nem
gibi) ve o6rnekleme parametrelerinin etkisini (6rnekleme debisi, hacmi gibi) g6z 6ninde
bulundurmalidir. Toprak gaz sondalari ayrica ekstraksiyon kuyusundan uzakta, iyilestirilmesi zor yerlere
de kurulmalidir. Boylece kalinti kirletici miktari izlenebilecektir.

Geri gelis (riband ya da rebound): Operasyonel fazda genel olarak kiitle transfer hizindaki sinirlar
nedeniyle (aglik etkisi) ve civar havayla seyrelme nedeniye toprak gazindaki VOC derisiminde disUs
gorismektedir. Sonug olarak TGE sistemi kapatildiginda bu fazlardan diflizyon yeniden baslayarak VOC
derisimlerinde artislaa neden olabilir. Bu fenomen genelde riband/geri gelme olarak tanimlanir ve
aritim etkililiginin glvenilir bir gbstergesi olarak distntlebilir. Minimum riband ya da ribandin duragan
bolgelerde dahi sistemin durdurulmasinin ardindan bir siire sonra hi¢ olmamasi olasilikla oradaki
kirletici kitlesinin temizlendigine isaret etmektedir. Deneye ulasmak icin gereken zaman periyodu
kirletici ve toprak tipine 6zeldir. Kumlu topraklar genelde bir ka¢ hafta icinde dengeye ulasirken ¢ok
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katmanli yapida topraklar icin bu siire bir ka¢ aydan fazla olabilir. Yillk denge (geri gelme) tesleri
onerilmektedir [AFCEE, 2001].

5.2.2 Kapanis Orneklemesi i¢in Onerilen Prosediir

TGE icin nihai kapatma olguti genellikle topraktaki hedeflenmis derisim standartlarina ulasip ulasmamaya
baglidir. Bununla birlikte daha 6nce de tartisildigi gibi toprak érneklemesi hem maliyetli hem de potansiyel
olarak ¢cevreyi bozucu etkisi oldugu icin blyuk 6lcekli bir toprak 6érnekleme kampanyasi baslatmadan 6nce diger
parametrelere (kanit cesitleri) bakarak iyilestirme calismasi sonug verebilecek gibi goriniyor mu kontrol
edilmelidir. Boylelikle temizleme onaylanmasi icin asagida verilmis 3 adimda dogrulama prosediiri
Onerilmektedir:

e Operasyonel fazda hedef toprak gazi derisiminin elde edilmesi;

e Sistem gecici olarak kapatildiginda hedef toprak gazi derisiminin elde edilmesi;

e Toprak 6rnekleri sonuglari ile temizleme 6lgitlerinin karsilastiriimasi.

43



6 SONUCLAR

Toprak Gazi Ekstraksiyonu (TGE) doymamis bolgedeki ucucu organik bilesiklerin derisiminin distrtlmesi igin
arazide saha Ustlinde yapilmaya uygun bir teknolojidir.

TGE genel olarak ugucu organik bilesiklerin gideriminde etkili bulunmustur ve yari-ugucu bilesiklerin de baska
yontemlerle gideriminde destek olabilecek durumdadir. Belli basli bazi projelerde kloroetilenler (PCE ve TCE
gibi) gibi klorlii ¢oziiciler ya da petrol gibi ugucu petrol Urlinleriyle kirlenmis sahalarda TGE yontemi siklikla
diger iyilestirme yontemleriyle birlikte uygulanmaktadir.

6.1 Verimlilik, Avantajlar ve Dezavantajlar
TGE’nin etkinligini etkileyen kilit faktorler:

e topragin hava gecirgenligi (bu parametre toprak boyunca hareket edebilecek hava ve buharin miktarini
etkiler);

e toprak yapisi ve katmanlasmasi (bunun 6nemi ekstraksiyon sirasinda topraktaki hava akiminin yonini
ve egilimini etkilemesindendir);

e toprak nemi (g6zenekler arasi gas akimini kisitlayabilmektedir);

e yer alti suyu tablasinin derinligidir.

Temel avantajlart:

e Bilinen verimlilik, kolay elde edilebilen arag-geregler, kolay kurulum;

e Saha etkinliklerinin az dizey bozukluk olusturmasi: TGE sistemlerin tasarimi oldukca esnek olup
herhangi bir saha kosuluna uyum saglayabilir ¢linkl kuyu insaati diisiik miidahaleli ve gorece adapte
olabilen bir islemdir.

e Kisa aritma streleri (optimum kosullarda 6 ay - 2 yil arasi sireler): her ne kadar aritim sliresi saha
kosullarina bagh olsa da diger yontemlere gore gorece kisadir, genelde bir kag ay ile bir kag yil arasinda
degisir ve cok ugucu bilesiklerde % 90’a kadar giderim saglayabilirken yari ugucularda bu giderim 30-40
% bandinda olmaktadir.

e Ugucu bilesikleri gidermede kullanilabilecek diger yontemlere kiyasla kolay uygulanabilir, gérece ucuz
ve fiyat-performans orani iyidir ( rekabet edebilen maliyet: 15-60 €/ton kirlenmis toprak)

e Serbest drilnleri olan alanlara da uygulanabilir ve diger teknolojilerle birlestirilebilir. Toprak
katmanlarina uygulanan vakum vyeraltindaki gaz tasinimini kontrol eder ve vyapilari ve yeralti
altyapilarini yanici ya da toksik ugucu bilegiklerden korur.

Ana kisitlamalar:

e  %90’dan daha yiiksek derisim giderim verimleri elde edilmesinin zorlugu;
e Dislk gecirgenligi olan ve heterojen olarak katmanlasmis topraklarda bu yontemin oldukca distik
verimlilik sergilemesidir.

44



6.2 TGE uygulamasinin Operasyonel Kontroli

Teknolojinin uygulanabilirliginin degerlendirilmesi icin yapilmasi gereken temel 6n kontrollerin arasinda
doymamis toprak bolgesinin geometrik, litolojik, hidrojeolojik karakteristiklerinin tanimlanmasi ve su
tablasindaki herhangi bir artis ve azalisin g6z 6niinde bulundurulmasi/degerlendirilmesi vardir. Aritilacak
doymamis bolgenin 3 boyutta sinirlari gbz éniinde bulunduruldugu zaman odaktaki toplam kirletici miktarinin
iyilestirme c¢alismasindan ©6nce tahmin edilmesi olduk¢a yararhdir. Bu sekilde kirletici giderim hizlar
karsilastirilabilir ve zamana gore degisen giderim verimleri belirlenebilir, ayni zamanda uygulamanin
sonlandiriimasi da toplam kirletici giderimine bakarak karar verilebilir.

insaat asamasinda dogrulanacak parametreler arasinda temel olanlar etki yaricapi (R) ve aritim vyaricapi
(ROT)’dir. Kontrol edilmesi gereken ve operasyona etkisi olacak diger parametreler ise sunlardir: yeraltisuyu
diizeyinde dalgalanmalar, hava toplama sistemleri, ayiklanmis gazlarin atmosfere salinmadan 6nce aritilmasinin
veriminin zamanla degisimi. Operasyon boyunca sistem kontrol altinda olmalidir. Bu ayni zamanda aritmanin
sonlandirilmasi icin uygun zamani belirlemek adina 6nemlidir.

TGE ile iyilestirme girisiminin sonuna yaklasildiginda isbu girisimin olasi kapanisini degerlendirmede ilerlemek
icin bazi kontroller gereklidir. Bu noktaya kadar uygulayici (operator) ‘nin bir dizi bilgiyi degerlendirmesi ve ilgili
Otoritelere gerekli analizler yapildiktan sonra ¢evresel durum hakkinda rapor sunmasi gereklidir. Ayni zamanda
uygulayici iyilestirmenin yeterince yapilip yapilmadigina iliskin yapabilecegi capraz kontroller icin de gerekli
unsurlari Otoritelere teslim etmelidir.
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1.6 Email address
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1.7 Phone number
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2. Site background

2.1 History of the site

The site is located in the military airbase of Bién Hoa, Dong Nai, Vietnam.

During the US-Vietnam War (1955-1975), millions of litres of herbicides were dropped
over Vietnam: The Rainbow agents. Those Rainbow Agents were sprayed throughout
the Operation Ranch Hand to clear thick jungle, by defoliating crops and forest. Bien Hoa
Airbase was a joint operating base for the South Vietnam Air Force and the United
States Air Force. According to the U.S. Department of Defense, 98 000 barrels of Agent
Orange, 45 000 barrels of Agent White and 16 000 barrels of Agent Blue were stored at
Bien Hoa Airbase [1].

As a consequence, the Bién Hoa airbase is currently the largest dioxin hotspot in
Vietnam [2].

Nowadays, it is estimated that between 408,500 and 495,300 m3 of dioxin-contaminated
soil and sediment are present in the site [3]. This is almost 4 times the volume of the last
airbase that underwent treatment (Danang).

More than four decades after the Vietham War ended (in 1975), the stability and
bioaccumulation of dioxins still affect the inhabitants. Measures had to be taken to
improve living conditions for residents, starting with the remediation of dioxin
contaminated soil. In 2018, at the request of the Government of Vietnam (GVN), the
U.S. Government agreed to cooperate on dioxin remediation at Bien Hoa Airbase Area.
Haemers Technologies was invited to perform a pilot remediation in the process of the
technology selection for the full-scale project.

[1] DOD. 2007. Presentation made at the Second Agent Orange and Dioxin Remediation
Workshop,

Hanoi, Vietnam, June 18-19, 2007. Co-sponsored by U.S. Department of Defense and
Vietnam Ministry

of National Defense.

[2]: USAID, FACT SHEET: DIOXIN REMEDIATION AT BIEN HOA AIRBASE AREA, consulted
16/12/2020, https://www.usaid.gov/vietnam/documents/fact-sheet-dioxin-
remediation-bien-hoa-airbase-area

[3] USAID. 2016. Environmental Assessment of dioxin contamination at Bien Hoa Airbase
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2.2 Geological setting

There are mainly two types of soils that need to be remediated : low-humidity soil as well
as high-humidity muds from swamp-like areas.
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2.3 Contaminants of concern

Agent Orange was proven to cause severe health issues, including birth defects,
neurological problems and cancers. Agent Orange is a mixture of 2,4-
dichlorophenoxyacetic acid and 2,4,5-trichlorophenoxyacetic. Traces of dioxins were
also found in some Agents. Indeed, dioxin 2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-
TCDD) can be formed by condensation of 2,4,5-trichlorophenol during 2,4,5-
trichlorophenoxyacetic synthesis.

Hereafter is shown the breakdown of a sample taken from the site (Contaminated
sample column). The “treated sample” column refers to the sample after a lab test.
The increase in secondary contaminants after treatment is most likely due to the
sample heterogeneity.
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2.4 Regulatory framework

Haemers Technologies was invited by the Vietham Government to perform a pilot
project in the context of the technology selection for the Bien Hoa airbase remediation
led by USAID and GVN.
The soil concentration limits after treatment have been defined as following:

e Industrial use: 1,200 ppt

e Urban area: 300 ppt

e Sediment: 150 ppt




3. Pilot-scale application in field

3.1 Extraction system

The treatment proposed by Haemers Technologies is a thermopile (ex-site thermal
treatment). The thermopile is a small pilot-scale pile of 500 tons (11m x 14m at its base).
In a thermopile, the soil is heated by conduction until it reaches the temperature of
volatilization of the pollutants (a process known as thermal desorption). The vapours are
then extracted to be treated. In the pile are installed 15 heating tubes and 13 exchanger
tubes that transfer thermal energy to the soil. The vapours are extracted by 15
perforated tubes that are connected to a 15 kW blower in order to generate a low but
constant depression sucking the gasses out. The typical depression generated is in the
order of -0.2 mbar.
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3.2 Injection system

In thermal desorption treatment, there is no injection system. The gases are generated
when the contaminants and the water are vaporized due to the thermal energy transfer.

3.3 Radius of influence

The treatment is effective on the whole pile. Lab tests have shown that if the soil
reaches 350°C and that the temperature is maintained for at least 5 days, the target
treatment concentrations are met.

The main factor of influence is the interdistance between heating wells in the pile, but
they only affect the heating time, i.e. the time needed to reach 350°C. The treatment
effectiveness is unchanged.

In this case, the soil vapour extraction wells are approx 1.2m apart. This short range is
not the actual radius of influence of each well, as this radius varies in the course of the
treatment. As temperature increases, soil is drying out, affecting the permeability to
vapours. Therefore, the actual radius of influence of each pipe is likely much larger than
1.2m, even if the applied negative pressure is very low (in the order of 0.2mbar). E

The high density of soil vapour extraction wells is commanded by the necessity to collect
all vapours despite the low negative pressure and avoid fugitive emissions.
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3.4 Off gas Treatment

The contaminated vapours are sucked from the pile and transit through the Vapor
Treatment Unit (VTU). Contrary the approach taken by USAID at Danang which used
activated carbon, Haemers Technologies uses a Thermal Oxidizer in order not to leave any
waste requiring further treatment.

14

1

ESTD Pilot

Vapor Treatement

Emergency
Activated
Carbon
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Before entering the Thermal Oxidizer, the vapours may circulate through an Arsenic filter if
needed.

The vapours are then directly incinerated in order to destroy all PCDD and PCDF’s. Proper
oxidation guarantees compliant air emissions. It has to be noted that condensation will
certainly happen along the network. To reduce liquid formation, the network is thermally
insulated. Nevertheless, the liquid formed can be reinjected in the Thermal Oxidizer. To
reach a destruction rate efficiency over 99,99%, the following criteria must be fulfilled in
the oxidation chamber [4][5]:

1. Temperature of minimum 1100°C (preferably 1200°C)

2. Oxygen content of min 6% (preferably 10%)

3. Residence time of minimum 1 second (preferably 2 seconds)

4. High Turbulence (Re>>2500).

It is well known that dioxin compounds reformation can happened in the cooling phase, in
a temperature range between 200°C and 500°C. Dioxins can be reformed in the presence
of oxygen, chlorine (Cl2) and hydrocarbons [6]. Other parameters such as presence of dust
and/or presence of metals, can also promote the dioxins/furans formation. To avoid the
reformation process, the vapours are directed towards a cooling quench tower to a
temperature below 180°C before being released in the atmosphere.

In case of issue, a back-up activated carbon tank is also present.

[4] Gao, Y. &. (2015). Assessment of Reynolds Averaged Navier—Stokes Modeling of Scalar Dissipation Rate
Transport in Turbulent Oblique Premixed Flames. Combustion Science and Technology, 18

[5] Jacob E. Temme, T. M. (2015). Measurements of Premixed Turbulent Combustion Regimes of High
Reynolds Number Flames. 53rd AIAA Aerospace Sciences Meetin (p. 21). Kissimmee, Florida : AIAA SciTech
Forum.

[6] Buekens, A. (2001). Dioxins from thermal and metallurgical processes: recent studies for the iron and
steel industry,. Chemosphere 42, 729-735.
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3.5 Control parameters

Of course, the dioxin content in the soil is analyzed before and after treatment to assess
the treatment effectiveness. However, thermal desorption has already been
implemented at the Danang airport and has been proved to be effective against dioxin
contamination.

The parameters that are continuously monitored during the treatment are the
following:

* The temperature at the coldest points in the thermopiles

* The emissions at all chimneys to guarantee regulatory compliance

* The depression in the pile to ensure proper extraction

* The temperature in the Thermal Oxidizer

e The oxygen content in the Thermal Oxidizer

* The temperature of gases at the quench tower output to avoid dioxin reformation

4. Full-scale application

The pilot project was interrupted by the Covid-19 pandemic and the full-scale
application has not started yet.

5. Enhancements to SVE

5.2 Any other enhancement

The Thermal Oxidizer in combination with a heat exchanger can be used to improve the
overall thermal efficiency of the thermal desorption process by recovering energy and
preheating the combustion air and the vapours themselves.

6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

Post treatment monitoring consists of soil analysis.
Monitoring is based on the extracted vapours as well as temperatures inside the soil.

12
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7. Additional information

7.1 Lesson learnt

The biggest hurdle in this project was the heavy burden of procedures and
authorizations required to perform the actual projects, due to the high sensitivity of the
site with respect to its danger and history, as well as the military control over all
operations.

7.2 Additional information

Even if the project is not finished, it has already been established that thermal
desorption is effective against dioxin contamination. The addition of a Thermal Oxidizer
improves the Danag process, given that:

e Soil is indeed treated according to standards

* The exhaust gas after thermal oxidation are compliant (no reformation of dioxin)

e No solid nor liquid waste is generated, not needed further off-site disposal

7.3 Training need

Training needs are specific both the heating and extraction system, as well as to the
Health and Safety measures to be taken on site.

Additional communication is required given the nature of the contaminants in order to
fully inform operators and local community about the safety of the process for their own
health.

Glossary of Terms

Term (alphabetical order) Definition
VTU Vapor Treatment Unit VTU Vapor Treatment Unit
ppt part-per-thousand
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2. Site background

2.1 History of the site

The site is located in the North of France. It used to be a manufacturing site producing
different chemicals, acids and catalysers. Many soil and water investigations were carried
out from 1998 to 2015. They showed a presence of impacts of many pollutants in multiple
spots of the 0.32 km?2. The results of those analyses were not different from classic
industrial pollution and the main pollutants found were hydrocarbons, BTEX, PAH and
heavy metals. The site is located next to agricultural fields and the soil is mainly made of
backfills and loam. Once the analyses confirmed the concentrated polluted spots, a “Plan
de Gestion” (remediation plan) was drafted, leading to various site uses and different
remediation target concentrations.
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2.2 Geological setting

The whole site covers about 34 hectares. It is located between a commercial area and an
agricultural area. Indeed, agricultural fields are present at North and East of the site.
The main issue with high concentrated spots on a large area is the difficulty to treat all
the spots onsite and therefore an Ex-Situ Thermal Desorption (ESTD) was selected. Soils
with hydrocarbons concentrations higher than the remediation target were excavated
and stored in a single location and eventually erected in several polluted soil piles.

tem Value Units
Average Soil Density 1.8 kg/m?
Average Porosity 0,3 ViVt
Moisture Content 0,24 Woarar/ We

The thermal treatment area is isolated from groundwater with a waterproof geotextile
placed at a depth of 0.4 m. The site’s topography was designed to have no accumulation
of rainwater in the area. Slight slopes were designed and a rainwater collecting system
was constructed to send the rainwater to the water treatment plant.

16
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2.3 Contaminants of concern

The contaminants are the COCs identified hereafter:

Contaminant Type Number of samples Average concentration  Targets (mg/kg DM)
(mg/kg DM)

CCyp Clay/loam 250
Backfill 100

CeCao 218 4145,5 Clay/loam 2000
Backfill 1000

BTEX 218 1,16 Benzene 1,5
Toluene 5
Ethylbenzene 10
Xylene 40

HAP 218 30,3 50

Soils with hydrocarbons concentrations higher than the remediation target were
excavated and stored in a single location and eventually erected in several polluted soil
piles. The treatment area was chosen to be able to run 2 piles simultaneously, with a
third one in mobilization/demobilization.

Because of the client’s concern about Mercury (Hg) soil concentration, a classic ESTD
treatment was chosen with the addition of an ad-hoc Vapor Treatment Unit situated at in
the middle of the treatment area.

2.4 Regulatory framework

The site has been owned by different companies over the course of the last century. A
prefectural order was issued in 2015 for the soil remediation in the context of a
remediation plan (one commercial and activity area and one park and walking area).
The owner issued Golder Associates to be the prime contractor. The contractor chosen
by Golder Associates was Seché EcoService, which partnered with Haemers
Technologies.

17




3. Pilot-scale application in field

No pilot-scale application was performed

4. Full-scale application

4.1 Extraction system

The treatment proposed by Haemers Technologies is a rotating thermopile (ex-situ
thermal treatment). Each pile consists of 2000m? of polluted soil.

In the pile are installed 75 heating tubes and 25 exchanger tubes that transfer thermal
energy to the soil. The vapours are extracted by perforated tubes that are connected to
a blower in order to generate a low but constant depression sucking the gas out. The
typical generated depression is in the order of -0.2 mbar.
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4.2 Injection system

In thermal desorption treatment, there is no injection system. The gases are generated
when the contaminants and the water are vaporized due to the thermal energy transfer.

4.3 Radius of influence

The treatment is effective on the whole pile. Lab tests have shown that if the soil
reaches 200°C and that the temperature is maintained for at least 3 days, the target
treatment concentrations are met.

The main factor of influence is the interdistance between heating wells in the pile, but
they only affect the heating time, i.e. the time needed to reach 200°C. The treatment
effectiveness is unchanged.

In this case, the soil vapour extraction wells are approx 1.5m apart. This short range is
not the actual radius of influence of each well, as this radius varies in the course of the
treatment. As temperature increases, soil is drying out, affecting the permeability to
vapours. Therefore, the actual radius of influence of each pipe is likely much larger than
1.5m, even if the applied negative pressure is very low (in the order of 0.2mbar).

The high density of soil vapour extraction wells is commanded by the necessity to collect
all vapours despite the low negative pressure and avoid fugitive emissions.
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4.4 Off gas Treatment

The contaminated vapours are sucked from the pile and transit through the Vapor
Treatment Unit (VTU). The VTU is able to handle the off gases of two simultaneous piles.
This way, a rotating schedule was implemented where two piles are in treatment while
the third is dismantled and the next one is built.

The VTU aims to treat the contaminant’s vapours coming from the piles’ treatment to
stay within national environmental release norms. The VTU is composed of various
elements designed to achieve the treatment. Most of the VTU’s installation is focused
on the contaminant’s vapours suction and condensation. The other part is focused on
direct treatment through adsorption or thermal oxidation.

The following Figure presents the contaminated vapours flow from the Pile to the VTU.

Vapours Demister Heat

; Demister
Pile — - - Blower
— collector 1 Exchanger 2 —

l

‘ Classic flow
Demister
Flow if too much 3
Hg or COV l
Atmosphere
release
Thermal GAC H
4mm| GACCOV 4= 8
oxidizer

The VTU consists of three demisters and a heat exchanger. The non-condensable
vapours (mainly air and light hydrocarbons) are sent to a thermal oxidizer (operating at
820°C), with a residence time of 2 seconds. If high concentration of Mercury is detected,
the vapours are routed to a sulphured Activated carbon filter.

The process is partly duplicated to be able to continue the thermal treatment during
maintenance of each VTU element. A Programmable Logic Controller was used to
automate the switch between the two line.

The next figure will show the duplicated VTU scheme.
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Vapours collector
One 5” vapour collector was built for each pile. It was made of 10 sections of 6 meters
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each. Each collector has a low cant in order to collect the condensates. The collector is
connected to an underground tank. Vapour flexible are connected to the collector as
shown in the next picture.

The underground tank is connected to an 8” vapour collector that goes to the VTU as
shown in the next picture.

Water collected on the underground tanks is sent to the condensate tanks.
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Demisters

A demister equipment is made to remove liquid droplets from gases.

Condensates are collected at the bottom of the tank and sent to be treated by Seché ES.
One demister is placed at the VTU entry in order to remove the droplets formed on the
8” collector. One is then placed after the heat exchanger to remove the droplets formed
during the vapours’ cooling. The final demister is placed after the blower. Indeed,
pressure changes in the blower can also create droplets. The aim was to remove
humidity before entering the thermal oxidizer.

Heat exchanger

Installation of one heat exchanger was mandatory for two main reasons: vapour cooling
before the blower, water removal using condensation process. In a tubular exchanger,
vapours pass through copper thin pipes and gets cool down by water passing between
the pipes. Each of the heat exchanger has a 98.5 m? exchange surface. Water is then
cooled down using a dry air cooler (540 kW). Glycol was added to the water to prevent
freezing during winter. The next pictures show the heat exchanger and the dry air
cooler.

Blower

The blower is the most important part of the VTU. Its aim is to depressurize the pile by
vacuuming the air and the contaminated vapours. Each of the two blowers was designed
to vacuum two piles simultaneously. Thus, each blower has a maximum flow capacity of
3,200 m>/h. They are set using one frequency regulator. The maximum acceptable
temperature at the input is set to 80°C. The next picture shows one blower.
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GAC Hg

Mercury traces were found in previous soil analysis. Exxon suggested Haemers
Technologies to provide a solution in order to prevent any mercury atmospheric
releases. Two sulphurous activated carbon tanks of 3 m® and one Hg analyser (VM-3000)
were added to the VTU. The aim was to analyse the vapours after the blower in order to
know the mercury concentration. If the concentration was over the norms, an
electrovalve redirected the vapour flow to the activated carbon. Another sampling point
was placed after the activated carbon in order to assess the mercury removal. The
chosen activated coal has an apparent density of 0.63 kg/l and a sulphur concentration
of 13-16%. The following picture shows the mercury tanks.
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GAC Cov

Vapours should be treated through the thermal oxidizer. However, in case of thermal
oxidizer breakdown, an activated coal tank of 10 m* was added. In case of thermal
oxidizer breakdown, the flow was redirected to this new tank. The outlet was connected
to the thermal oxidizer’s chimney. An activated coal with the following specifications
was chosen: apparent density of 0.475 kg/l and US Standard Mesh granulometry of 4*8.
It was chosen to remove COV from the vapours. The following picture shows the tank
and its chimney connection.
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Thermal oxidizer

The thermal oxidizer is the key equipment for the vapour treatment. Indeed, the other
equipment (expect for the GACs) were not chosen for the hydrocarbons removal but
mainly to remove the water from the vapours for a better thermal oxidation. Its aim was
to remove the pollutants from the vapours and to release clean gases. A residency time
of minimum 2 seconds was calculated in order to have an efficient pollutants thermal
oxidation. The thermal oxidizer is 5 m® and has a 3 meters chimney. It is designed to
resist to a maximal temperature of 1,000 °C. A 850 kW burner is connected to the
thermal oxidation chamber and fuelled with gas. The burner power is regulated
depending on the temperature inside the thermal oxidizer. The normal conditions to
have the best pollutants removal efficiency were fixed from 780°C to 820°C. The next
picture shows the thermal oxidizer.
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4.5 Control parameters

The VTU operation is monitored by a Programmable Logic Controller (PLC). The
following key data is monitored:

e Vapor temperatures at all steps of the process

e Pile depression to ensure proper aspiration of the vapours

e Pressure points at all steps of the VTU

e Mercury content after the blower

e Gas emissions at the Thermal Oxidizer chimney (COV, CO, NO,, PM2.5, PM10,

PCDD, HCI, HF, SO,)

6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

Post treatment monitoring consists of soil samples analysis.

7. Additional information

7.1 Lesson learnt

Special care needs to be taken when operating in countries where below-zero
temperatures can be reached. In the case of this project, glycol needed to be mixed with
water in the cooling sections.

e It can be beneficial to perform more advanced analysis than the ones provided by the
end customer. In particular, the presence of acidic compounds is not relevant per se to
the remediation but can damage the equipment.
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7.2 Additional information

The success of remediation is determined by the compliant pollutants content in the soil
after treatment as well as compliant emissions throughout the treatment.

Glossary of Terms

Term (alphabetical order) Definition

VTU Vapor Treatment Unit
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2. Site background

2.1 History of the site

The site extends over a surface of around 90,000 m?, of which around 82,000 m? is
paved or covered by buildings (buildings cover an area around 41,000 m?).

The plant began the production of freezers and refrigerators for food preservation in
1967, production which is still ongoing even if at a reduced rate. The contamination of
the site was discovered in 2009 during site characterization activities, and exceedances
of the CSC have been identified in deep soils (depth > 1 m bgl) for organochlorinated
compounds (vinyl chloride, 1,2-Dichloroethane, Trichloroethylene, 1,2-
Dichloropropane), and in groundwater for the following compounds:

* Non-Volatile Metals: Iron, Manganese;

e inorganic compounds: Nitrite, Sulphate;

e BTEX: Toluene, Benzene;

e chlorinated aliphatic compounds: Tetrachlorethylene, Trichloroethylene, Vinyl
Chloride, Chloroform, 1,2-Dichloroethane, 1,1-Dichloroethylene, 1,2-
Dichloroethylene, 1,2-Dichloropropane, 1,1,2-Trichloroethane.

Furthermore, local areas of buried wastes were found at the site, and removed during
subsequent intervention, but it cannot be excluded that additional buried wastes are
still present.
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2.2 Geological setting

Only the shallow portion of soil and groundwater, till a depth of about 15 m b.g.l., was
investigated during the site characterization. The subsoil is formed by alluvial deposit
formed by interbedded sandy and silty layers as indicated below, overlaying a silty
aquitard (see figure below). At a regional scale, a thin semiconfined aquifer contained in
a conglomerates formation is present at 70 m b.g.l.

Alluvial deposits: sand,
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The figure represents the hydro-geological cross-section of the site along the
groundwater flow main direction (North-East to South-West).

During site characterization, shallow groundwater levels were ranging between 2 and 9
m b.g.l. (on average 4 m b.g.l.), with flow direction mainly from the upgradient hill
(North, North-West) to South, South-Est, towards a Creek; however, groundwater flow
at the N-E corner of the facility is affected by the presence of an intubated stream
existing at the northern portion of the facility with direction from N-E to S-W, generating
a local depression of the groundwater table. Backfilling materials used in the past in
earth moving activities for underground installation of the intubated stream appear to
be characterized by a low permeability, even if presence of more permeable alluvial
materials (sand and gravel) is documented along the pipe at depths between around 8
and 11 m b.g.l. Average groundwater gradient was estimated equal to 3% and hydraulic
conductivity (k) ranges between 10-6 (North-West side) and 10-8 m/s (North-Est side),
with an average value of 5x10-7 m/s.
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2.3 Contaminants of concern
Soil:

e vinyl chloride: 0.42 + 0.45 mg/kg

e 1,2-Dichloroethane: 7 + 672 mg/kg

e Trichloroethylene: 20 +43 mg/kg

e 1,2-Dichloropropane: 27 + 154 mg/kg
Groundwater:

Non-Volatile Metals:
Iron: 3.1 + 41,400 pg/|
Manganese: 0.89 + 18,500 pg/I

BTEX:
Toluene: 0.05 + 200 pg/I
Benzene: 0.053 + 56 ug/I

Chlorinated aliphatic compounds:
Tetrachlorethylene: 0.05 + 38 pg/I
Trichloroethylene: 0.05 + 31,000 pg/I
Vinyl Chloride: 0.031 + 410 pg/I
Chloroform: 0.018 + 69 ug/I

1,2-Dichloroethane: 0.018 + 4,800,000 pg/I
1,2-Dichloroethylene: 0.054 + 22,000 pg/I
1,2-Dichloropropane: : 0.019 + 89,000 pg/I
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2.4 Regulatory framework

Clean-up goals for soil and groundwater were defined in the Risk Assessment, and are
included in the on-going remedial plan, approved in 2012 (the updated approval in
2017 did not modify them).

According to Italian regulation, although the remedial targets are defined on a Risk
Assessment basis inside the facility (SSTLs or CSR), groundwater quality at the end of
remedial action must comply with regulatory limits (CSC, much more conservative than
calculated SSTLs) at the downgradient boundary of the site. Therefore, once reduced
the concentration below the CSR for inhalation risk inside the facility, the ultimate
clean-up goal for groundwater is to reduce and control the off-site migration at the
Southern and Eastern borders of the site. In particular, a general conformity of the
Southern border of the site is registered, with an exception at one piezometer at the
south-eastern site boundary, where concentrations for TCE are slightly over the
potable limit (10 ug/L) and one order of magnitude above the regulatory limit (CSC =
1.5 pg/L). Along the Eastern border, one piezometer exceeds regulatory limits both for
1,2-DCA and 1,2DCP, with a contamination 2-3 orders of magnitude above the
respective regulatory limits (CSC for 1,2-DCA = 3 pg/L; CSC for 1,2-DCP = 0.15 pg/L).
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3. Pilot-scale application in field

No pilot test was performed

4. Full-scale application

4.1 Extraction system

The SVE system is composed of two extraction wells and an horizontal trench, and it is
combined with an Air Sparging (AS) system which includes four wells. The characteristics
of the installed systems are as follows:
e N.2 SVE wells (namely SVE1 and EMW30 both 7 meters deep, with a screened
interval from 3 to 7 m bgl. SVE1 is 4”diameter, and EMW30 3”);
* N.1 horizontal trench (100 meters long, with a diameter of 200 mm);
* N. 4 AS wells (one close to the trench and EMW30, namely AS1p, and three close
to SVE1, namely AS14, AS15, AS16). AS wells are 15 meters deep, and with a 2”
diameter. They are all screened in the interval 14-15 m bgl;
e the SVE system is powered by a blower “MAPRO 36/21” (5.5 kW, 220V, triphase
50 Hz);
e the AS system is powered by a scroll compressor “Atlas Copco SF2” (2.2 kW, 220V,
triphase, 50 Hz).

4.2 Injection system

As previously mentioned, four injection wells are installed to circulate air in
groundwater (Air Sparging) with the scope to strip contaminants that would then be
collected by the SVE system. Air is injected at an average pressure of 1 bar.

4.3 Radius of influence

The theoretical value of ROI, calculated in the design phase for the Air Sparging was
estimated as 5 to 10 meters.
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4.4 Off gas Treatment

As for off-gas treatment, there are two granular activated carbon (GAC) filters (1 cubic
meter each) in series connection.

4.5 Control parameters

e Air flow and extraction rates

e Air pressure measurements

e Water levels

e Dissolved oxygen and contaminant concentrations in groundwater

e Oxygen, carbon dioxide and contaminant concentrations in SVE off-gas or soil
vapour

e Mass removal

7. Additional information

7.1 Lesson learnt

— Low permeability soils difficult to treat through AS technology.
— The presence of heterogeneous subsoil is a big challenge for this types of in-situ
technologies.
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7.2 Additional information

To assess the success of remediation is fundamental to perform:
e trend analysis of each contaminant monitored over time with respect to the initial
baseline value
e quantification of extracted mass over time

7.3 Training need

To ensure the achievement of remediation goals is fundamental to perform a good
operation and maintenance of the overall system. To do that is important that the
system is managed by trained personnel. Despite a general training can be done from
webinars and e-learning to obtain a targeted training specific for the single system
installed few on-the job session, especially in the first weeks of system running, can be a
good way to have site personnel sufficiently trained with respect to the specific
performances of the system installed.

Glossary of Terms

A glossary will help a you to maintain the level of precision necessary for key terms and maintain
consistency across the text. We found out that sometimes terms that sounds similar like “contaminated”
and “polluted” are used in the same way as synonyms in some country, while in other they have different
meanings (due to legislation or for other reasons). So fill in this glossary for your key elements and of
course for acronyms.

Term (alphabetical order) Definition

SSTLs or CSR Site Specific Target Level, which are named CSR in
Italian regulation, are concentration target levels
defined according to Risk Analysis procedure
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2. Site background

2.1 History of the site

Since its first installation (1970), within the site have been produced compressors for
refrigerators and air conditioning units. The analysis of the production processes within
the facility highlighted the use in the past of potentially polluting substances such as
heavy metals and chlorinated solvents, mainly PCE, TCE and Cr IV. The production was
active up to 2018 and then the assembly lines have been dismantled.

2.2 Geological setting

Site soil consists largely of silts and clays interbedded with thicker layers of fine sands. This
succession mainly consists of silty-clayey layers with two major sandy layers of different
thickness, ranging from few centimetres to about 1 meter, located in the following ranges
of depth:

e Level 1: between 10 and 15m b.g.s.

e Level 2: between 25 and 30m b.g.s.
The depth to ground water is approximately 5-7 meters below ground surface.
The following image depict the geological setting of the first two meters of soil subjected
to ventilation through the SVE system.
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2.3 Contaminants of concern

The main compounds of concern are:
e tetrachlorethylene (PCE),
e trichloroethylene (TCE),
e cis 1,2-dichloroethylene (cis 1,2-DCE),
e trans 1,2-dichloroethylene (trans 1,2-DCE),
e 1,1-dichloroethylene,
e chloroform,
e vinyl chloride (VC),
e freon-11,
e freon-113

2.4 Regulatory framework

The administrative path of the remediation process started on 2001 when the client
informed the Public Authorities of a potential contamination resulting from the
presence of chlorinated solvents in groundwater detected during a series of
investigations carried out in order to verify the quality of the subsoil at the Site.
Subsequently, the following activities have been done: Site Characterization,
Preliminary Remediation Design, Final Remediation Design for the treatment of the
contamination from groundwater. In 2016 an ambient-air survey highlighted the
absence of risks for workers to be exposed to contaminant chlorinated vapours
stemming from the contaminated groundwater.

Nevertheless, the client, as a preventive and precautionary measure for workers
decided to install a Soil Venting system (same technology of a classical SVE system) to
brake any possible migration pathway of contaminated vapours from the groundwater
to the productive building.
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3. Pilot-scale application in field

3.1 Extraction system

Before the installation of the full scale system, a pilot scale application has been
performed to estimate the effective radius of influence that potentially can be achieved
from each extraction well. The test was carried out connecting, through flexible pipes,
one vertical well of 4” diameter, 2 m depth screened from 0.5 m below ground level to 2
m depth, with a blower for vapour extraction (with filters and silencers). In addition, the
system included a condensate separator to remove water from the extracted gas before
to pass through the blower and a granular activated carbon unit (200 L) to treat the
contaminated vapour streams before the emission in atmosphere. Moreover, the well
head of the extraction well was equipped with a pressure gauge and connected to the
extraction system through a flexible pipe. Along the extraction line (2" diameter) there
was a manual adjustment valve, vacuum gauge, sampling points and two asameters for
air flow measurement.
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3. 3 Radlus of mfluence
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Examples of vacuum measurements at wellhead (left) and monltorlng pblnt (rlgﬁt)

Two tests were performed to estimate the radius of influence: step test and long
duration test.
For the step test increasing flow rates have been considered with values centred around
the design value:
e 26m’°/h
e 40 m>/h (design value)
e 50m’/h
e 80m’/h
e 125m’/h
During each step test, the following parameters were monitored:
e suction depression at the blower,
e depression on the wellhead of the suction point,
e depression induced on the soil gas monitoring points,
flow rate of extracted gases,
e VOC concentrations.
On the basis of the step test outcomes a flow rate of 60 m>/h has been sustained
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constant for about 48 hours during which the same parameters of the step tests have
been monitored.

Plotting in semi-logarithmic graph the depressions induced in the monitoring points at
different distances from the extraction well and considering a cut-off pressure of 1% of
the depression measured at the wellhead (Johnson and Ettinger, 1994), namely 0.12
mbar, a ROl of about 120 m has been estimated from the suction shaft considered for
pilot test.

3.4 Off gas Treatment

During the pilot scale application in field, off gas were treated by a granular activated
carbon unit of 200 L to treat the contaminated vapour streams before the emission in
the atmosphere.

3.5 Control parameters

To assess the effectiveness of the treatment the following parameters were monitored
during the pilot scale application:

e suction depression at the blower,

e depression on the wellhead of the suction point,

e depression induced on the soil gas monitoring points at different distances from

the extraction well,
o flow rate of extracted gases,
e VOC concentrations.
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4. Full-scale application

4.1 Extraction system

The full scale SVE system basically consist of 5 extraction wells, 4 of which within the
productive building and 1 in the external area still within the site boundary. Each vertical
extraction well is of 4” diameter, 2 m depth screened from 0.5 m below ground level to
2 m depth. Each vacuum well is connected to the vacuum unit through HDPE
underground and aboveground pipes of 2”, 3” and 4” to take into account pressure drop
along the line.

The vacuum unit is basically composed of 2 vacuum blowers (one as backup blower), air
flow rate 230 Nm?/h each, with filters and silencers, 1 condensate separator to remove
water from the extracted gas before to pass through the blower and 1 electrical panel to
control the blowers. Outside the vacuum unit there are 2 granular activated carbon
units (1 m> each with about 600 kg of carbons) and a chimney for treated gas emissions.
Each well head is equipped with a pressure gauge and along each of the 5 extraction
lines there are from the bottom to the top: sampling port, flow meter, pressure gauge,
regulation valve, on/off valve.
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Examples of instruments along each extraction line
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The system is completed by 32 monitoring points spatially distributed to cover the
overall treated area.
To assess the different performances for different monitoring system we installed:
e N.9 “nesty probes”, 7 of which in external area and 2 within the facility;
e N. 23 “vapor pin” within the facility.

Vapor Pin
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4.3 Radius of influence

As a result of pilot test an extraction flow rate of about 50 m>/hour for each of the 5
extraction wells has been set and a ROl of about 50 m has been associated with each
extraction well in order to cover the planar extension of the groundwater plume which has
basically an orientation north-south. The following image depict the expected ROI (brown
dotted lines) from each extraction well (green squares).

System layout with expected ROI
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4.4 Off gas Treatment

Off gas treatment is basically composed of 2 granular activated carbon units (1 m* each
with about 600 kg of granulated activated carbons) and a chimney for treated gas
emissions in the atmosphere.
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4.5 Control parameters

To assess the effectiveness of the treatment the following parameters were monitored
with the following frequency
With a weekly basis:
¢ flow rate of each extraction well,
e temperature and pressure/ suction depression both upstream and downstream
the blower,
¢ the occurrence of condensate waters,
With a 3 months basis:
e VOC, O,, CH,, CO, and depression induced at each monitoring point,
e soil gas concentration for each monitoring point, well heads and off gases before
the emission in atmosphere

5. Enhancements to SVE

No pneumatic and/or hydraulic fracturing systems has been employed to enhance
the SVE application which was designed only to ventilate and hence brake any
possible pathways of contaminated streams from the groundwater to the
productive building.

6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

The treatment is still ongoing but as a long term monitoring plan it can be scheduled
monitoring campaigns on a six months basis on each soil gas control point available at
the site and an ambient-air monitoring survey on a year basis to verify if any changes
with respect to the status achieved at the end of ventilation.
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7. Additional information

7.1 Lesson learnt

1) Methodology and procedures
Before the installation of a full scale system perform a pilot test to verify, with field data,
the design hypothesis related to ROI extension and flow rate achievable from each
extraction well since due to local heterogeneities not all wells perform at the same way.

2) Technical aspects
Prior the installation of the extraction wells perform a detailed screening and review of
historical maps of the areas that need to be treated with a sub slab ventilation to assess
the occurrence of any subsurface services which can reduce the extension of expected
ROI, hence reducing the overall efficacy of the system.

3) Legislative, organizational aspects
To be compliant with regulation limits for off gas emission is key the periodic check of
the efficacy of the treatment system to avoid the emission in atmosphere of
contaminated gases.

7.2 Additional information

To assess the success of remediation is fundamental to perform:
e trend analysis of each contaminant monitored over time with respect to the initial
baseline value
» quantification of extracted mass over time

7.3 Training need

To ensure the achievement of remediation goals is fundamental to perform a good
operation and maintenance of the overall system. To do that is important that the
system is managed by trained personnel. Despite a general training can be done from
webinars and e-learning to obtain a targeted training specific for the single system
installed few on-the job session, especially in the first weeks of system running, can be a
good way to have site personnel sufficiently trained with respect to the specific
performances of the system installed.
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1. Contact details - CASE STUDY: SVE n.5

1.1 Name and Surname

Federico Caldera

1.2 Country/Jurisdiction

Italy

1.3 Organisation

Mares S.r.l.

1.4 Position

Analista Sviluppo & Compliance

1.5 Duties

Sanitary and environmental risk assessment,
innovative remediation and characterization
technologies development

1.6 Email address

federicocaldera@maresitalia.it

1.7 Phone number

+39 3497616386




(IMPELF:

2. Site background

2.1 History of the site

The site is a gas station in peripheral area south of a city of central Italy, along a road

with medium vehicular traffic.

|
|
|
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2.2 Geological setting

The geological structure of the area is characterized by the presence of soils of volcanic
origin and deposits of alluvial origin.

In the area under examination the volcanic deposits of the Pleistocene age produced by
the volcanic systems of Lazio emerge.

From a geomorphologic point of view, the site is located on the slope in a hilly area
artificially terraced for the construction of the square.

Hydrography essentially consists of a series of ditches which, with dendritic branching,
flow north-east. They have a torrential regime, with superficial outflows that occur
during intense rainfall and of a certain duration, mainly in the winter season.

The area is characterized in general by soils with variable permeability, both in relation
to the variety of soils constituting the stratigraphic succession, and to the frequent
variability of the lithological and structural aspects found within the individual units that
make up this succession.

The site stratigraphy is characterized by the presence of the following two main units:

e Anthropic material - Mixed material, essentially consisting of medium sand with
the presence of gravel/pebbles, which extends from 0 m from ground level. about
3mb.g.s.;

e Silt and Clays - Cohesive deposit made up of silts and clays with local
intercalations of coarser sandy lenses, found up to the maximum investigated
depth (10 m b.g.s.).

Literature data allow us to hypothesize the presence of a significant underground water
circulation at high depths: in a well surveyed about 400 m south of the gas station area,
a water table level of 78 m a.s.l. is reported, corresponding to a depth from the ground
surface at the site of about 45-50 m.

2.3 Contaminants of concern

Contamination affected unsaturated soil, with BTEX, C<12 and C>12 as CoCs, found at a
depth of 3.4 m b.g.s.
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2.4 Regulatory framework

In Italy the environmental regulatory system is regulated by Legislative Decree No.
152/2006 and for fuel stations by the Ministerial Decree No. 31/2015.

The target values for benzene, toluene, ethylbenzene, xylene, C<12 and C>12 are set
equal to 50, 50, 50, 50, 250 and 750 mg/kg, respectively, for soils with commercial use.
For the implementation of SVE technology (as well as for the implementation of any
remediation plan) the approval by local authorities is needed.
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3. Pilot-scale application in field

3.1 Extraction system

The execution of the pilot test, placing vertical wells SNO3 and SN04 (5 meters depth,
screened between 1 and 5 m b.g.s.) in depression by a blower, showed that:

e by varying the extraction rate (from 30 to 1000 L/min) within point SN0O3, rather
small depressions were detected in the monitoring points, in any case lower than
the value of 0.5 mbar (the maximum value was 0.3 mbar observed in SNO4 with
an extraction rate of 1000 L/min) indicated by literature as the minimum
depression to have an induced influence from the well being extracted (“cut off”
value);

e during the test a further test was performed by putting in depression point SNO2:
also in this case, depressions were observed within the point SNO3 lower than the
value of 0.5 mbar (the maximum value was 0.2 mbar observed in SNO3 with an
extraction rate of 2330 L/min);

* no condensation accumulation was detected during the test inside the separator.

Separator

.

p.c.

SNO4 SNO3 SNO2

L6

The results obtained by means of the pilot study performed allowed to confirm the
applicability of the SVE system to the site. The high permeability of the subsoil to vapor
flows, in fact, made it possible to extract significant quantities of air without inducing
significant depressions.
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3.3 Radius of influence

The project parameters, obtained on the basis of the pilot study specifically performed
on the site, are the following:

e Radius of influence, ROI: 3.0 m;

e Maximum flow rate of extracted air for each SVE point, QEa: 70 m>/h;

e Working depression at each point, dPp: - 50 mbar.

3.4 Off gas Treatment

For the abatement of pollutants present in the extracted air was set, downstream of the
air/liquid separation system, a pair of iron with epoxy treatment filters, filled with
activated carbon in pellets, (H 1400 mm x D 780 mm).

3.5 Control parameters

During the test, the data listed below were recorded:
e extraction rate;
e dPp work-related depression and dPi-induced depression;
e VOC, CH4, CO, and O, in the extraction well.
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4. Full-scale application

4.1 Extraction system

SNOs[]

SNOs[]

TN i S TR IR i Q' P

M T

A blower is used to extract air from the remediation points; the extracted air favours the
removal of contaminants from the solid phase to the gas phase. The air extracted from
the same points is conveyed inside a condensate separator (S1) which separates the
condensate from the gaseous flow.

The gaseous flow, once dehumidified and the particulate removed, passes through the
blower which generates the vacuum. Downstream there is the air handling unit
consisting of two filters in series, containing activated carbon. In any case, the
processing unit is equipped to be arranged with the filters in parallel in case the
incoming flow shows compatible VOC concentrations.

In order to maximize the treatment of the unsaturated soil and to reduce the moisture
content of the extracted air ", the plant is also provided with an evacuation, treatment
and discharge system for the percolating waters that accumulate preferentially in the
SNO2 and SNO3 piezometers.

Two additional extraction points located outside the contaminated area were installed,
with the aim of enhancing the recall of vapours from the subsoil to further safeguard the
human targets located in the building next to the gas station.
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The number of SVE points is therefore equal to 7. Specifically, the existing piezometers
SNO02, SNO3 and SNO4 and the new points VEO8, VEQ9, VE10 and VE11 were used, see
the picture below.

The suction from the points was operated by a pump capable of reach a vacuum of at
least 150 mbar, and a flow rate of not less than 500 m>/h, in order to guarantee an air
flow, for each extraction point, of at least 70 m>/h, with a nominal power of about 5.50
kW.

4.3 Radius of influence

Considering the ROl determined through the pilot test and the areal distribution of the
contamination, the number of extraction wells and their spatial location were defined. A
correct ROl value of 3 m was therefore adopted as a precaution.
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4.4 Off gas Treatment

Same of pilot test
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4.5 Control parameters

Before starting the system, at Time Zero, a complete monitoring was carried out. In
particular, the following activities were carried out on all the extraction wells present on
site (VEO2, VEO3, VEO4, VEOS8, VEO9, VE10 and VE11):

e measurement of the VOCs present in the extraction points;

e sampling of off air and analysis of parameters such as BTEX and TPH.
During the start up of the system, the following measurements were carried out on a
weekly basis:

e measurement of the VOCs extracted from the points and leaving the stack (ppm);

e vacuum induced by the blower (mbar) in the extraction points;

e flows at each extraction point;

e depression induced on the water inside the extraction points.
The start up took about 30 working days and ended with the testing of the air and water
treatment system by sampling and laboratory analysis of the vapours entering and
leaving the system.
Then, on a monthly basis, control visits were carried out on the plant in order to verify
the correct functioning of the system and monitor the operating parameters of the plant
(measurement of VOCs, induced depressions, extracted air flows, extracted water flows)
making any new adjustments if necessary.

6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

The periodic monitoring of the SVE system (between 2018 and 2020) provided for:

e control, maintenance and monthly monitoring of the systems and verification of
the correct functioning of the system;

e verification and reading of the operating parameters of the system (flows,
temperatures, pressures, etc.);

e possible fine-tuning, in the case of variations detected with respect to the
operating parameters;

» sampling of air inlet and outlet from the treatment system and analysis of the
BTEX and TPH parameters.
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7. Additional information

7.1 Lesson learnt

In presence of a VOC contamination located in a small part of unsaturated soil with a
coarse texture the SVE technology can be a viable system to reach the remediation

goals.
The intervention was successful - Authorities certification obtained after two years of

remediation.

7.2 Additional information

The keystone issue for a successful remediation is to gain a right conceptual site model,
with a proper definition, in terms of extent, soil texture and presence of preferential
flow pathways of the underground contamination source, in order to find adequate
technology to properly address and remediate the CoCs.

7.3 Training need

Firstly e-learning/webinars in order to understand the theoretical fundamentals of the
technology, following training on the job so to gain experience with facing real
problems.

Glossary of Terms

Term (alphabetical order) Definition

BTEX Benzene, Toluene, Ethylbenzene, Xylene

C<12 Light hydrocarbons

C>12 Heavy hydrocarbons

VOoC Volatile organic compounds (VOCs) are organic
chemicals that have a high vapour pressure at
ordinary room temperature
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1. Contact details - CASE STUDY: SVE n.6

1.1 Name and Surname

Davide Menozzi, René Filion, Sophia Dore

1.2 Country/lurisdiction

United States of America

1.3 Organisation

GHD Group Pty Ltd

1.4 Position

Environmental scientist (Davide Menozzi) Senior
Project Manager (René Filion) Senior Scientist
Innovative Technology Group (Sophia Dore)

1.5 Duties

Contaminated land management

1.6 Email address

Davide.menozzi@ghd.com

1.7 Phone number

+61 2 4222 2316 (Davide Menozzi) 01 514 339
0611(René Filion); 716 205 1978 (Sophia Dore)
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2. Site background

2.1 History of the site

Approximately 23,000 kg of acetone was released from a rail car during unloading in July
2016 at a facility that stores, repackages, and distributes chemical products to wholesalers
and industrial users.

The Property is irregular in shape, covers an approximate area of 125,000 square meters
(m?) and is located in a industrial area, with a neighbouring residential area located to the
south. This residential neighbourhood is located within 35 meters (m) from the Property
limit at its closest proximity. A series of railway sidings are present at and in the western
portion of the Site.
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2.2 Geological setting

The Site stratigraphy in the area of the spill consisted of very shallow fill material
extending to 0.6 m below ground surface (mBGS), followed by a layer of natural deposits
silt with traces of clay or clay with traces of silt to approximately to approximately 4.5
mBGS. A layer of course material composed of sand and gravel measuring approximately
0.3 m thick rests on a grey fractured limestone with fair to excellent rock quality (RQD
>95).

Native soils were composed of an initial deposit of silty clay, becoming at around 3 m
below ground surface, a deposit composed of more sandy material, either being
described as silt with some sand and traces of gravel, or as sand with some silt and
gravel.

During intrusive investigations, odours were strongest near the surface (0.6 mto 1.2 m
deep) and again near the bottom (4.3 m to 4.9 m deep).

2.3 Contaminants of concern

Acetone (primary)
Secondary contaminants:
Ethylbenzene

Toluene

Xylene

2.4 Regulatory framework

Following implementation of a Pilot Scale test at the Site that demonstrated effective
operating conditions for SVE, a remedial objective of 28 mg/kg was established for
acetone in soil, based on similar land use regulatory standards. For the secondary
contaminants, existing standards for industrial/commercial land use were selected as
remedial objectives ( Ethylbenzene = 50 mg/kg, Toluene = 30 mg/kg, Xylene=50

mg/kg).

62




é

WATER AND LAND

3. Pilot-scale application in field

3.1 Extraction system

One shallow vertical extraction well screened to impart vacuum within the impermeable
(shallow) layer of soil were installed throughout the treatment area. The effective radius
of influence for these wells was approximately 3 metres. The shallow wells were
equipped with 4-inch diameter PVC screens and risers, and terminated near the surface.
Two existing 2-inch diameter vertical wells were used to extract vapours from the more
permeable and deeper sand and gravel layer as the screened intervals for these wells
intercepted the more permeable layer and extended to the top of bedrock/soil
interface. The effective radius of influence measured during pilot testing for these wells
was approximately 20 m.

A self contained mobile SVE equipment trailer was mobilized to the treatment area. The
equipment included a high vacuum, high flow vacuum blower capable of producing up
to 100 cubic feet per minute, and a vacuum of 10 inches of mercury, distribution header
moisture separator, piping, valves and gauges, barometer, and vacuum gauges. The
system was equipped with remote monitoring to the system control panel which could
be programmed to run several configurations and on with definable operating
timeframes.

3.2 Injection system

No injection of air or other substances were permitted.
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3.3 Radius of influence

Radius of Influence

The radius of influence (ROI) for each pilot test is estimated based on the vacuum
response measured at the SVE monitoring probes and nearby wells, as well as past
experience gained from operating SVE systems in similar soils. A probe response of 0.5
to 1.0 percent of the applied SVE wellhead vacuum is generally considered significant in
ROl estimation. Due to the soil heterogeneity at the site and surface conditions, a wide
range of vacuum response was observed. While vacuum response was achieved in the
distant monitoring wells, response at the probes installed in the tighter material was
inconsistent and likely masked by fluctuations in ambient barometric pressure.

Upper Zone

As expected, the soil heterogeneity limited flow and vacuum response in certain
directions due to pockets of tight native clays and silts that exist in the subsurface. In the
upper zone, the monitoring probes showed a better response to the north compared to
the south of SVE-01. The northern portion of the Site showed that an ROI of 3-4 meters
would be achievable. The southern portion of the Site showed an ROI of less than 2
meters. ROl estimates showed very similar results when operated between 4 and 10” Hg
vacuum. In this zone, the readings indicated that applying a less powerful vacuum may
be more beneficial to achieving the best ROl as the 4” Hg vacuum showed the highest
induced vacuum readings. The data also suggests that a period of hot, dry weather may
have caused desiccation of shallow soils and well seals and resulted in short circuiting of
ambient air from the surface. Hydration of surface soils in the pilot test area was
successful in reducing the short-circuiting effects.

Lower Zone

The lower, more permeable zone showed a more significant ROl compared to the Upper
Zone. Based on the readings taken, operating at 6” Hg vacuum would provide the
greater ROl with distances exceeding 20 meters. Of note, operating at higher vacuums
dropped the ROI significantly, to a distance of only 6-8 meters. The extended ROI
observed in the lower zone test is likely due to the higher permeability lenses and gravel
observed at the top of bedrock in soil borings within the impacted area.

Air Flow Rate versus Vacuum
Initially, for each step test, the unit was operated for short durations at various flow
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rates and corresponding vacuum levels for the purpose of determining the SVE
performance over the operating range of the blower and selecting the appropriate flow
rate for the test (based on SVE flow rate and wellhead vacuum levels). Flow rate versus
vacuum curves were constructed from these step test data to assist in the selection of
the most desirable operating range for a full-scale system. An example of the results is
shown in the figure below.

Upper Zone
The step test showed a desirable operating range between 25-40 CFM with an applied
vacuum of 4-6” Hg.

Lower Zone
The step test at PO-101 (see Figure below) displayed good performance without a drop
off up to a flow of 40 CFM with an applied vacuum of 8” Hg

AIR FLOW RATE VERSUS VACUUM

PO-101 Step Test

Mow (CT'M)

e P01 &—-710 P03 04
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3.4 Off gas Treatment

Extracted vapour treatment was completed using a 205 L drum of activated carbon
during the short duration pilot testing period. No samples were collected of the air
emissions during the pilot test.

3.5 Control parameters

Soil analytical results were collected prior to and following each treatment phase to
evaluate compliance with remedial objectives. These results were also used to configure
the following phase of treatment (progressive reduction of treatment area).
Groundwater samples were collected and submitted for analysis of volatile organic
compounds (VOCs) within and downgradient of the treatment area to monitor for
potential releases to groundwater from treatment activities.
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4. Full-scale application

4.1 Extraction system

A total of 8 shallow vertical extraction wells screened to impart vacuum within the
impermeable (shallow) layer of soil were installed throughout the treatment area. The
effective radius of influence for these wells was approximately 3 m. The shallow wells
were equipped with 4-inch diameter PVC screens and risers and terminated near the
surface.

Five 2-inch diameter wells were used to extract vapours from the more permeable and
deeper sand and gravel layer as the screened intervals for these wells intercepted the
more permeable layer and extended to the top of bedrock/soil interface. The effective
radius of influence measured during pilot testing for these wells was approximately 20
m.

A self contained mobile SVE equipment trailer was mobilized to the treatment area. The
equipment included a high vacuum, high flow vacuum blower capable of producing up
to 100 cubic feet per minute, and a vacuum of 10 inches of mercury, distribution header
moisture separator, piping, valves and gauges, barometer, and vacuum gauges. The
system was equipped with remote monitoring to the system control panel which could
be programmed to run several configurations and on with definable operating
timeframes.

4.3 Radius of influence

Based on the collected field data, the radius of influence of the deeper extraction wells
measured was between 9.7 and 18 m, while the radius of influence of the SVE wells was
between 5.1 mand 9.9 m.
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4.4 Off gas Treatment

Discharge vapour monitoring of the system was performed in between and after the
two 1,800-pound vapour phase carbon treatment vessels weekly by GHD using a photo
ionization detector (PID) for measurement of undifferentiated VOCs.

Air Sampling

In addition to the field PID readings collected above, air samples were collected at the
sample port located between the two vapour phase carbon treatment vessels to
monitor their performance to ensure that air emissions were below the regulatory
limits.

Additional air samples were collected over the course of the SVE treatment in the
extracted vapour flow before being treated to evaluate the extracted acetone mass
through the vapour stream.

Compliance

PID measurements in between and after the two vapour phase carbon treatment
vessels showed readings of O ppm throughout the active SVE treatment period.

A dispersion model using SCREEN3 software was completed to assess compliance of air
emissions equivalent to 2.5% of the regulatory limit for a 4-min exposure and 1.3% of
the regulatory limit for a 1-hour exposure. Analytical results of samples collected
throughout the treatment period identified concentrations of acetone reached
approximately 1.1% of the permissible exposure rates.

Based on the PID measurements and analytical results from the air samples, air
emissions did not present any exceedance of the applicable regulation during the
operations of the SVE system.
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4.5 Control parameters

Soil analytical results were collected prior to and following each treatment phase to
evaluate compliance with remedial objectives. These results were also used to configure
the following phase of treatment (progressive reduction of treatment area).
Groundwater samples were collected and submitted for analysis of VOCs within and
downgradient of the treatment area to monitor for potential releases to groundwater
from treatment activities.

6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

Post treatment groundwater monitoring will be completed three times per year for a
minimum of 3 years to evaluate potential impacts to groundwater.

7. Additional information

7.1 Lesson learnt

SVE was an effective method for remediation of highly volatile contaminants at this Site.
The addition of an impermeable ground cover layer effectively controlled short
circuiting in the area of highest concentrations immediately adjacent to the spill area.

7.2 Additional information

Success of remediation will be assessed in the post-remediation monitoring program.
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7.3 Training need

Designing a remediation system requires experience. This cannot be easily built up
through workshops, webinars and so on. Designing and implementation of a successful
remedial system should be undertaken by an experienced company and scientists.

Glossary of Terms

A glossary will help a you to maintain the level of precision necessary for key terms and maintain
consistency across the text. We found out that sometimes terms that sounds similar like “contaminated”
and “polluted” are used in the same way as synonyms in some country, while in other they have different
meanings (due to legislation or for other reasons). So fill in this glossary for your key elements and of
course for acronyms.

Term (alphabetical order) Definition

VOoC Volatile organic compounds (VOCs) are organic
chemicals that have a high vapour pressure at
ordinary room temperature

CFM Cubic feet per minute
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1. Contact details - CASE STUDY: SVE n.7

1.1 Name and Surname

Hadas Sharon

1.2 Country/Jurisdiction

Israel

1.3 Organisation

Ludan environmental technologies

1.4 Position

Environmental engineer

1.5 Duties

Project manager

1.6 Email address

hsharon@ludan.co.il

1.7 Phone number

+972 52-511-2139
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2. Site background

2.1 History of the site

A gas station operated at the site located in Israel for many years.

As part of the change in the designation of the land, from a gas station for a commercial
activity area, soil sampling was carried out in the area where underground fuel tanks
were located, in order to make sure that the soil was not contaminated.

2.2 Geological setting

The following is a description of the geological section in the area:
0-10 meters - loess and limestone.
10-300 meters - cardboard, gray mahogany cardboard.

2.3 Contaminants of concern

The following are the various contaminants that are suspected in the soil due to the
type of activity carried out at the site. These are pollutants that originate from fuel
components:

e TPH

e BTEX

e MTBE

e PAH
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2.4

Regulatory framework

The subject of soil contamination investigation is the responsibility of a

government ministry - the Ministry of Environmental Protection - Department of
contaminated soils.

The soil investigation performed according to the professional guidelines of the
Ministry of Environmental Protection, which approves the sampling plan before
execution and the conclusions and recommendations given according to the
sampling findings.

The concentrations of the pollutants discovered were compared to the
permitted concentrations according to the threshold values document for
industrial areas in the State of Israel.

3. Pilot-scale application in field

3.1

Extraction system

The system in the ground includes 17 Vertical wells
The pumping was done using a vacuum truck.

Injection system

Details of the SVE pilot system infrastructure:

The system in the ground includes 17 wells with a diameter of 3 inches, to three
different depths: 7, 11 and 16 m below the ground.

The large number of wells and the varying depths allows to "capture" of all the
contaminated soil area.

Each well is constructed so that at its bottom is a fluted section (strainer) 5 m
long.

The pumping was done using a vacuum truck, which was connected to well
manifold, so that at each stage the effect of using a single well or several wells
simultaneously could be examined by using the SVE system regulating taps.
The system also included a clean air inlet tap to prevent the creation of
underpressure in the pumping wells.
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3.3 Radius of influence

e The radius of impact was determined by performing pumping until the pressure
stabilized, measuring the underpressure in the well being pumped with varying
flow rates and measuring the underpressure in the other wells to examine the
radius of impact.

e The soil at the site was found to have effective conductivity in the tested flows
and the underpressure created allowed the suction of the gases above the
ground. At a flow of 150 cubic meters/h, a negative pressure of 74 millibars was
measured and the impact radius reached up to 10 meters from the suction well.

e Since the average distance between the wells ranged from 4 to 6 m, there was
compatibility between the remediation method, the site characteristics and the
existing pilot remediation infrastructure.

» According to the pilot findings, it appears that when operating the pump from all
the wells, the entire contaminated soil cell intended for treatment will be
underpressure and therefore no additional wells need to be installed.

3.4 Off gas Treatment

In order to select the appropriate treatment technology for the airflow from the SVE
system, a number of technologies defined as "BAT" )best available technology (by the
EPA were examined:

1. adsorption on activated carbon
2. thermal oxidation

3. biological filter

4. vapour condensation

Due to the high daily load of organic hydrocarbons, we recommend gas treatment with
a thermal oxidation- catalytic oxygen method suitable for the treatment of emission
stream at concentrations higher than several hundred PPM. Laboratory tests found no
evidence of the presence of chlorinated hydrocarbons which can be a limiting factor
when using this technology due to the fear of causing damage to the catalytic converter.
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3.5 Control parameters

e To estimate the load of hydrocarbons pumped from the wells when the SVE
system is working, performed gas sampling of several wells together and from a
number of individual wells in which high PID values were detected. Some of the
samples were performed on canisters sent for TO-15 analysis.

» Inorder to evaluate the effectiveness of the treatment for the gas pumped from

the wells treated by the thermal oxidizer, a sampling was performed on the stack
of the treatment facility.

4. Full-scale application

The full-scale system is compatible with the system built in the pilot and described
in the previous sections

4.5 Control parameters

e Throughout the period the system operates, there was regular monitoring once
every two weeks of parameters of the system and the soil and once every few
months a performed laboratory analysis of TO-15 to the concentrations in the gas
stream pumped from the soil.

The following is the test that is performed every two weeks:

The VOC concentration measured in the well by the PID.

Checking the flow in the pumped stream.

Measuring the pressure in the well.

W E=e
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6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

In order to test the effectiveness of the treatment after its completion, a "rebound
effect" test was performed, which included shutting down the system for about a month
and a half and restarting it for two months.

The test revealed that the concentrations did not rise and there was no change in the
concentrations in the various wells after reopening, with respect to values measured
before closing. These findings indicate that the treatment performed on the soil is
effective and the volatiles that were adsorbed to the soil have already been treated.
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7. Additional information

7.1 Lesson learnt

From the results of the cost-benefit analysis, it can be seen that due to the low
concentrations pumped from the soil during the period when the concentration of
contaminants decreased, led to high power consumption to operate the system,
significantly, as more energy has to be invested in heating the catalyst.

Increased use of electricity to heat the catalyst in the converter causes that per kilogram
of pollutant treated emitted into the air during the power generation process at the IEC
power plant about half a kilogram of nitrogen oxides and half a kilogram of sulphur
oxides.

As the treatment of the site with the SVE method achieved, and the meaning of
continued pumping and gas treatment has low efficiency on the one hand and on the
other hand requires a lot of energy, its significant environmental consequences with
regard to electricity generation emissions.

7.2 Additional information

The SVE system operated for about 9,000 hours during which it handled about 5,641
liters of hydrocarbons.
As part of the treatment, about 4,000,000 cubic meters of soil gases were extracted

from the ground in the treated area of about 2,000 cubic meters.

7.3 Training need

Training through workshops, preferably by the Ministry of Environmental Protection in
order for the remediation processes to comply with the regulator's guidelines.
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1. Contact details - CASE STUDY: SVE n.8

1.1 Name and Surname

VION Mathieu (Expert at Technical Direction)
DEVIC-BASSAGET Boris (Technical Director)

1.2 Country/Jurisdiction

FRANCE

1.3 Organisation

SUEZ RR IWS REMEDIATION FRANCE

1.4 Position

Head Office : 17 rue du Périgord, 69330 Meyzieu
(France)

1.5 Duties

Engineer - Expertise department manager

1.6 Email address

mathieu.vion@suez.com;
boris.devic-bassaget@suez.com
contact.remediation.europe@suez.com

1.7 Phone number

+33(4)72450222
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2. Site background

2.1 History of the site

CHIMICOLOR is the former operator of a 1,500 m? site located in the town of La Garenne
Colombes, in the outskirts of Paris, whose activity involved industrial painting on various
supports.

The site is located in a mixed residential and tertiary district, bounded by:
e Apartment buildings on the west side;
e Apartment buildings on the south sides and is separated by a road and pedestrian
crossing alley to access the entrance to a residential parking lot;
e A street on the north side, then apartment buildings beyond that street.

According to the information collected, the site was mainly occupied by the following
activities:

e 1928 -1971: Exploitation of the site by a company which carried out the repair
and the assembly of electric refrigerators;

e 1971 -1992: Operation of the premises by a company specializing in the chemical
and electrochemical treatment of metals;

e 2001 -2012: the company CHIMICOLOR becomes the operator of the site and
carries out printing activities on aluminium plates, chemical colouring of
aluminium plates, stainless steel engraving and screen printing. The cessation of
activity took place in 2012.

The site deconstruction work was carried out between May and July 2014. The facade of
the building in the north-west part has been preserved as well as the old administrative
buildings.

In addition, during the month of July 2014, the soils located to the right of the south-
eastern part of the site had been the subject of earthworks to a depth of 1.2 m.

The area to be cleaned up was in the south-eastern part of the land, covering an area of
approximately 250 m?2.

79




é

WATER AND LAND

2.2 Geological setting

According to the geological map of Paris and the data from the basement database
(BSS), the geological context in the sector considered is as follows:
e Old quaternary alluvium;
e Limestone of Saint-Ouen made up of marls and limestone banks over a depth of
10to 15 m;
e Then the sands of Beauchamp, with a thickness of 6 to 7 m.

The various investigations carried out on the site revealed the following average
lithological section:

e From 0to 1 m: predominantly sandy embankments;

e From 1to 8 m: alayer of sands becoming marly from a depth of 4 m;

e From 8 m: limestone.

According to information taken from the subsoil database (BSS) and the hydrogeological
map of the Paris basin, several water tables are present under the treatment area:
e The Saint-Ouen limestone aquifer, whose piezometric level was established at
about 16 m deep;
e The Beauchamp sands aquifer, the piezometric level of which was established at
about 24 m deep.

According to the groundwater quality monitoring campaigns carried out in 2012 and
2013, the water levels at the site were recorded between 15.7 and 16.4 m deep in the
limestone water table of Saint-Ouen. Due to the location of the site in a bend of the
Seine, 2 km north-west and south-east of the site, the flow direction is variable, with a
very low hydraulic gradient.
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2.3

Contaminants of concern

The investigations carried out on the site before the start of the works made it possible
to characterize the impact on the right of the area to be decontaminated.

The results summarized below indicated the presence of a tetrachlorethylene impact

(PCE):

In soils. This impact mainly concerned surface soils down to a depth of 1 m
(contents at the level of the S6B hole of the order of 4.3 mg/kg). The maximum
level (6.7 mg/kg) was observed between 4 an 5 m deep at the level of a borehole
located at the level of the former product storage area. The vertical extension of
the pollution in the soils was not delimited beyond 6 m of depth but the
detection of PCE in the groundwater seemed to suggest that this impact had
locally migrated towards the groundwater;

In soil gases at the level of the most superficial horizons between 0 and 5 m
deep. The various campaigns carried out had made it possible to measure PCE
contents of between 7.5 and 1,435 mg/m?’;

In groundwater in the area of structures located in the area but also on a
structure outside the site right-of-way. Studies prior to 2014 revealed PCE
contents varying between 3,900 and 8,300 pg/l. According to the groundwater
guality monitoring campaigns dating back to 2015 at the site, the PCE contents
varied between 100 and 4,100 pg/l. Previous studies had also revealed the
presence in small quantities of PCE degradation by-products including
trichloroethylene (contents between 0.37 and 8.5 pg/I) and dichlorethylene
(content of 4.9 ug/l).
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2.4 Regulatory framework

The decontamination work was undertaken with the aim of improving the quality of
the underground environment (unsaturated zone) before the construction of
residential buildings.

As part of this project, the decontamination objectives initially selected, on the basis of
data relating to the state of the available environments, were as follows:

Partly southeast of its site => Excavation of part of the land. According to the
predictive analysis of the residual risks carried out in January 2014 by a
consulting firm, the only measurement of excavation of the earth at a depth of 3
m was supposed to make it possible to obtain an admissible residual risk within
the framework of the redevelopment project of the site (service provided by
SUEZ RR IWS REMEDIATION FRANCE in December 2015).

Forced extraction of PCE present in the soils and in the gaseous state in the air
from the soil between the final excavation slope (-3 m compared to the natural
ground) and the roof of the limestone of Saint-Ouen (located approximately 8 m
deep). The objective of this operation was not to achieve compatible residual
risks (which had already to be reached after the excavation work carried out to a
depth of 3 m) but to pursue the elimination of the pollution more in depth, with
a view to improving the quality of the environments. The initial objective was to
achieve an 80% reduction in the mass content of PCE determined in soil gases
before the start of treatment with SVE. To achieve this goal, the SVE treatment
was scheduled to work over a period of 3 to 6 months.

3.

We

Pilot-scale application in field

did not carry out a pilot sizing test prior to the implementation of the soil vapour

extraction treatment.
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4. Full-scale application

4.1 Extraction system

In view of the environmental, geological and hydrogeological context of the site, to treat
the source of soil pollution in the area of the former chemical storage area of the
CHIMICOLOR plant at La Garenne Colombes, the choice fell on the implementation of an
in situ treatment by SVE. This technique had the most relevant technical and economic
interest in meeting the objectives of a rapid improvement in the quality of the subsoil.

The forced extraction of gases from the soil was accomplished using 9 wells implanted up
to 6 meters deep from the bottom of the excavation, including 2 m in solid tubes and 4 m
in screened tubes.

This configuration was determined from the pollution and soil characterization data made
available and using sizing assumptions such as:

e The absence of a surface coating (concrete or coated slab) in line with the impacted

area;

e A soil permeability estimated at 5.10° m/s;

e Unit extraction rates of 2 to 15 m>/h;

e Avacuum at the head of each well less than 150 mbar;

e A provisional treatment period of 6 months.

The unit has been sized so as to be able to ensure a maximum total extraction flow of
660 m>/h for a maximum total depression of 350 mbar, compatible with the assumptions
stated above.

The installation of the treatment wells was carried out in such a way as to densify the
footprint of the treatment wells in the area of the highest impact (premises for chemical
etching, storage of products).

The plan below shows the location of SVE wells and treatment facilities.
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4.3 Radius of influence

Prior to the commissioning of the treatment, SUEZ RR IWS REMEDIATION FRANCE
implemented SVE tests in order to determine the characteristics specific to each well
(optimal depression/flow rate) and to estimate the permeability of the unsaturated
zone to the areas to be treated and thus determine the radius of influence of each well.
These data were intended to confirm the sizing of the installation and optimize its
performance.

Two types of SVE tests were carried out:
e Staged tests;
e Aso-called "long-term" test carried out for 30 hours.

Staged tests

The objective of a step-by-step test is to determine the optimum vacuum/flow rate pair
of the wells. During these tests, the air from the ground was extracted in stages of
increasing depressions ranging from 200 to 350 mbar recorded at the level of the
extractor. Five successive stages lasting 15 minutes were performed for each hand.

100 5000

0 /—0-—* 4000
70 .’//, 3500

Débit (md/h)

Teneur en PID (ppmV)

20 1000

10 500

0 B - | _|.=.____. - 0
10000 15000 20000 25000 30000

Deépression en téte (Pa)
Vacuum/flow and vacuum/VOC content pairs for well A9

During the tests, regular monitoring (every 5 minutes) of the following parameters was
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carried out:
e Extractor depression;
e Pressure difference in the flow measurement system (diaphragm device);
e Temperature, humidity and semi-quantitative VOC contents of the extracted
gases.

For each well, vacuum/flow and vacuum/VOC content pairs could be determined.
By way of example, the figure below corresponds to the depression/flow rate and
depression/VOC content pairs measured from well A9.

The extraction flow rate increases steadily, going from 64 Nm?/h for a depression of
13.367 Pa to 81 Nm>/h with a depression of 22.167 Pa. From this last value, and despite
an increase depression, the extraction flow hardly increases any more. For 23 833 Pa of
depression, the observed flow rate is 82 Nm?/h. An asymptote is then observed. The
optimum pressure/flow rate pair of the well is therefore of the order of 80 Nm>/h for a
depression applied at the head of the structure of the order of 22.000 Pa. Well A9 is
considered to be a productive well.

The semi-quantitative VOC contents in the gases extracted from this well are not very
high compared to the other well tested. The minimum measured concentration is 24
ppmv at step 1 and the maximum concentration is 50 ppmv at step 5.

A summary of the measurements carried out at each well during the stepwise tests is
presented in the table below. They correspond to the optimal extraction rate associated
with a given depression.

Aiguilles Al A2 A3 A4 A5 A6 A7 A8 A9

Dépression optimale
appliquee a I'ouvrage [190(150|200 |<140|240 (200190230220

(mbar)
Débit d'extraction optimal
ebitdiextraction optimal| ., | 57 | 41 | 40 | 43|36 |41 | 41|81
(Nm*/h)
Teneurs semi-
guantitatives PID 623 (429143 (3319|168 |335| 79 | 92 | 37

moyennes (ppmv)

So-called "long-term" test
The advantage of the "long-term" test is that it can estimate the effective permeability
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to air of the soils of the unsaturated zone in line with the zone to be treated. This
parameter is essential for determining the radius of influence of each well under
operating conditions.

The test was carried out on well A5 which was located in the centre of the area to be
treated. The other 8 wells were located between 3.4 and 9.6 m from well AS.

A fixed vacuum of 240 mbar was applied for 30 hours from well A5 and semi-
guantitative measurements of VOCs and depressions were carried out at close
frequency at the start of the test (every 5 minutes) and less frequently by thereafter, on
each control well. The defined value of the applied vacuum (240 mbar) was determined
by the step test. For well A5, the optimum depression is not known (it is less than 14,000
Pa). On the other hand, at such a depression, we were sure to apply to the well its
optimum flow rate estimated at around 40 Nm?/h.

Estimation of effective air permeability

In order to determine the effective permeability to air of the treatment zone (ka
expressed in m? or permeability K expressed in m/s), various analytical solutions (more
or less complex) are proposed in the literature. The configuration of the extraction well
and the control wells of the area to be treated made it possible to use the adaptation of
Dupuit's solution. This simplified relation derived from that for groundwater flow is used
to represent the radial flow of air in steady state.

As the adaptation of Dupuit's solution was only valid in a steady state, the test was
extended until the differential pressure values were obtained which were stable over
time at the level of the control wells.

The calculated effective air permeability is 9.10-4 m/s. The value obtained is greater
than the value used during sizing (5.10-6 m/s). This difference made it easier to reach
the objectives by allowing more air volume to be extracted from the ground than
expected.

Estimation of influence radii

By definition, the theoretical influence radius (R1000) of SVE wells corresponds to the
radius in which the soil air (pore volume) is renewed at least 1000 times per year. The
radius of influence depends on several factors including the geometry of the extraction
system, the air permeability of the soil, the water content of the soil and the type of
surface coating. Typically, R1000 can range from 2m (for fine soils) to 30m (for granular
soils) for a single extraction well.

It should also be noted that the radii of influence of the wells are greater if the ground
surface is waterproof (covered with bitumen or concrete), which is not the case in the
treatment area of the CHIMOCOLOR site.

A calculation tool internal to SUEZ RR IWS REMEDIATION FRANCE makes it possible to
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determine the estimated permeability values by taking advantage of the adaptation of
Dupuit's solution. This same tool makes it possible to predict the extractable flow by
considering the permeability value, the characteristics of the tested well (depth, length
of the screened interval, etc.) and the depression applied at the head of the well. If the
flow rate measured at the end of the long-term test is of the same order of magnitude
as the calculated flow rate, then the estimated permeability value can be validated.

The results obtained at the end of the long-term test are presented in the table below.

Measured Flow
Applied Estimated . calculated
extraction .
according to

fl
ow permeability

Work

depression | permeability

240 mbar 9.10*m/s | 107.4 Nm?/h | 168.1 m*/h

The permeability value estimated during the long-term test is consistent with regard to
the nature of the soils (sands, marls, limestone).

The flow calculated from the permeability estimate is greater than the measured
extraction flow (approximately 60 m>/h). The geology of the soils could suggest the
presence of preferential flows. They are liable to vary the depressions at the head of
wells and the unit flows. In addition, the flow rate of 107.4 m3/h measured during the
"long-term" test is also greater than the flow rate of 43 m>/h measured on well A5
during the step tests. These two measured flow rates show the high productivity of well
A5 and are much higher than the unit flow rates taken into account for the sizing
(between 2 and 15 m>/h), which goes in the direction of better efficiency of the
treatment.

The permeability thus obtained makes it possible to estimate the radius of influence of
each well under operating conditions.

The table below compiles the values of the influence radius obtained under operating
conditions of the SVE treatment.
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Summary of the radius of influence calculated under operating conditions
Radius of
influence (m)

Depression applied at
the well head (mbar)

Work

Measured extraction
flow (Nm>/h)

27.8 29.9 7.1
29.5 24.5 6.7
32.3 33.8 7.3
43.6 28.9 7
28.2 321 7.2
41.4 213 6.4
36.5 31.0 7.1
27.8 36.5 7.5
27.6 28.5 7

The radius of influence obtained from the long-term test and the first operating data are
between 6.4 and 7.5 m. Knowing that the maximum distance between two wells is 5 m,
the calculated radius make it possible to validate the dimensioning of the SVE well
network (number and positioning), namely a total coverage of the area of 250 m? in the

south-eastern area of the site.

The mapping of the influence radius of SVE wells is presented in the following plan.

& asguille de tratement [

A
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4.4 Off gas Treatment

The technical-economic analysis, based on the projected mass balance of the treatment,
made it possible to demonstrate that the treatment of the gases extracted on activated
carbon was the most economical solution, while allowing a significant reduction in the
contents of volatile pollutants.

The initial choice of SUEZ RR IWS REMEDIATION FRANCE fell on a filtration line made up
of two series of two 200-liter activated carbon filters arranged in parallel and connected
in a common outlet (capacity of 80 kg of activated carbon per filter ). When the
activated carbon from the filters placed at the head reached saturation, said filters were
emptied, tipped over at the end of the filtration line and then supplemented with
healthy activated carbon. Such a device made it possible to measure the VOCs content
in the air flow at the outlet of each barrel in order to effectively control the gaseous
discharge into the atmosphere and free us from any exceeding of the limit value. In
addition, this gaseous effluent treatment device guaranteed reduced downtime for the
installation in order to change the activated carbon.

The contaminated activated carbon was evacuated to an approved treatment channel
(hazardous waste storage facility).
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4.5 Control parameters

The figure, below, presents in the form of histograms, the air extraction volume flow
rates recorded during monitoring as well as the curve representing the evolution of the
cumulative volume of extracted air during the period devoted SVE treatment.

Evolution of the extraction volume flow rates of the treatment unit and the total
volume of extracted air
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At the end of the operating period of the SVE unit:
e The average volume flow rate of air extraction estimated over the six months of
operation is 327 Nm®/h (blue line shown in the figure above);
e The total volume of air extracted from the ground is estimated to be
approximately 1,328,000 Nm®.

The figure below shows the evolution of the volume contents of VOCs measured by
means of a photo ionization detector (PID) in the air flow extracted from each of the
treatment wells as well as in the global air flow input to the unit during the operating
period of the SVE treatment.

Evolution of the volume contents of VOCs in the air flow extracted from each
treatment well
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The volumetric VOC contents remained relatively stable after the significant decrease
observed during the first month of treatment. After 6 months of treatment, the extracted
air streams exhibited contents ranging between 1.1 ppmv for well A9 and 26.6 ppmv for
well A4.

Monthly, air sampling, on a suitable sampling support (activated carbon tube) was
carried out at the inlet of the activated carbon filtration device. This sampling made it
possible to determine, through the performance of laboratory analyzes, the mass
contents of VOCs in the overall air flow extracted from the ground via the treatment
wells.

The table below compiles the analytical results obtained from the samples taken during
the period devoted to SVE treatment.

Mass content of VOCs in the extract air flow

09/03/2016 04/04/2016 04/05/2016 09/06/2016 07/2016 0/08/2016 08/09/2016
Unité mg/Nm® mg/Nm® mg/Nm® mg/Nm® mg/Nm® mg/Nm® mg/N*
1,2-dichloroéthane <SQ <SQ <SQ <SQ <SQ <SQ <SQ
1,1-dichloroéthéne <sQ <sSQ <SQ <sSQ <SQ <SQ <SQ
cis-1,2-dichloroéthéne <SQ <SQ <SQ <SQ <SQ <SQ <SQ
trans 1,2-dichloroéthyléne <SQ <SQ <SQ <SQ <SQ <SQ <SQ
dichlorométhane <SQ <SQ <SQ <SQ <SQ <SQ <SQ
1,2-dichloropropane <SQ <SQ <SQ <SQ <SQ <SQ <SQ
1,3-dichloropropéne <SQ <SQ <SQ <SQ <SQ <SQ <SQ
tétrachloroéthyléne 1490,8 193,6 107,4 101,0 66,6 74,2 99,2
tétrachlorométhane <SQ <SQ <SQ <SQ <SQ <SQ <SQ
1,1,1-trichloroéthane 0,7 0,2 0,1 0,1 0,1 0,1 0,6
trichloroéthyléne 2,0 0,3 0,1 0,1 0,1 0,1 0,2
chloroforme <SQ <SQ <SQ <SQ <SQ <SQ <SQ
chlorure de vinyle <sQ <SQ <SQ <sQ <SQ <SQ <SQ
hexachlorobutadiéne <SQ <SQ <SQ <SQ <SQ <SQ <SQ
bromoforme <SQ <SQ <SQ <sSQ <SQ <SQ <SQ
TOTAL COHV 1493,5 194,1 107,6 101,2 66,7 74,4 100,0
Teneur PIDlors du préléevement 315,0 32,1 26,0 27,0 28,0 29,0 30,0
Pourcentage d’abattement sur les
COHV totaux par rapport au NA 87% 93% 93% 96% 95% 93%
09/03/2016
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<SQ: below the quantification threshold
NA: Not applicable

During the follow-up on September 8, 2016, i.e. before stopping the treatment device,
the tetrachlorethylene content (a compound present at 99% in the air flow since the start
of the treatment) had significantly increased compared to the levels determined from the
samples from July 11 and August 10, 2016.

The total COHV content determined during the monitoring of September 8, 2016 was 100
mg/Nm? and revealed a reduction percentage of 94% compared to the content measured
on March 9, 2016, the day treatment was started.

An indicative value of the total mass of pollutants extracted could be calculated on the
basis of analytical monitoring and air volumes extracted from the soil by the SVE system.
The calculations only take into account the organic compounds analyzed.

The table below shows the detail of the estimate of the masses of VOCs extracted from
the ground, in gaseous form, by the SVE device, on the basis of the data collected from
the start of the treatment until its stop, the September 08, 2016. The average
concentration over each period was calculated from the two air samples taken at the
inlet of the activated carbon filters and limiting the monitoring period.

Mass balance of pollutants extracted from the ground by the SVE device since the start
of treatment

1% mois de suivi 2™ mois de suivi 3°™ mois de suivi 4°™ mois de suivi 5°™ mois de suivi 6™ mois de suivi
Du Du Du Du Du Du

Parametre Unite 09/03/2016 04/04/2016 04/05/2016 13/06/2016 11/07/2016 10/08/2016
au au au au au au

04/04/2016 04/05/2016 09/06/2016 11/07/2016 10/08/2016 08/09/2016

Volume d’air extrait période Nm® 158 680 251512 294716 217 678 216 489 188 984
Concentration moyenne en COHV sur lapériode
a y P mg/Nm?® 843,8 150,8 104,4 84,0 70,6 87,2
(échantillonnage mensuel)
Masse totale en COHV extraite période kg 134 38 31 18 14 16
Taux d’extraction journalier kg/j 5 1 1 1 0,5 0,6
Masse totale extraite cumulée kg 134 172 203 221 235 251

As of September 8, 2016, the date of termination of the SVE treatment system, it is
estimated that approximately 251 kg of VOCs were extracted from the soils in gaseous
form.
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6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

Following the six months of treatment and in accordance with the acceptance strategy
for the decontamination works, a statement of the quality of the soil gases was carried
out monthly for 3 months from each treatment well in order to quantify the level of
pollution. of soil gases by VOCs and to monitor the possible evolution of the levels, once
the device has been shut down.

Evolution of the volume contents of VOCs in static conditions from the initial state (09

March 2016) until the last monitoring campaign of the reception phase (06 December
2016)
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Evolution of the VOC mass contents under static conditions from the initial state (09
March 2016) to the last monitoring campaign of the reception phase (06 December
2016)
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After 6 months of treatment, the average VOC content in the soil gases sampled from
the 9 SVE wells was 108.23 mg/Nm?. This value remains relatively high. Despite
everything, in comparison with the value obtained before the start-up of the
installations, the reduction rate of the average of the total VOC contents amounts to
94%. The results obtained demonstrated good efficacy of the treatment.

The VOC contents in the soil gases sampled from each of the 9 wells ranged, after 6
months of treatment, between 3.04 mg/Nm3 for well A3 and 507.36 mg/Nm3 for well A4.
All the wells exhibited an abatement rate greater than 93%, with the exception of well
Al which exhibited an abatement rate of 81% for a measured concentration of 338.04
mg/Nm?>.

The treatment of soil gases by SVE was stopped at the end of the soil gas sampling
campaign carried out on September 13, 2016, in accordance with the work acceptance
strategy. The operating mode consisted of keeping the installation shut down for a
period of 3 months. During this period, and in a manner identical to the samples taken
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during the initial state and after 3 and 6 months of treatment, soil gas samples at the 9
wells were taken and analyzed on a monthly basis.

After 3 months of stopping treatment, the average VOC content in the soil gases
sampled from the 9 SVE wells was 42.86 mg/Nm?>. This value is lower in comparison with
the value obtained after stopping treatment, on September 13, 2016 and in comparison
with the values obtained after one and two months of stopping, on October 13 and
November 7, 2016. In the end, the reduction rate for the average VOC content is 98%,
which corresponds to a significant reduction rate, clearly higher than the target (80%).
The VOC contents in the soil gases sampled from each of the 9 wells range, after three
months of shutdown, between 1.97 mg/Nm3 for well A9 and 245.04 mg/Nm3 for well A4.
All the wells had an abatement rate greater than 97%.

At the end of the final soil gas quality monitoring campaign carried out on December 6,
2016, tetrachlorethylene still remains the majority compound. We can also note that
1,1,1-trichloroethane was measured in trace amounts at wells A4, A5, A6 and A8.
Likewise, trichloroethylene was also measured in trace amounts in the area of wells A1,
A4, A5, A6, A8 and A9.
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1. Contact details - CASE STUDY: SVE n.9

1.1 Name and Surname

VION Mathieu (Expert at Technical Direction)
DEVIC-BASSAGET Boris (Technical Director)

1.2 Country/Jurisdiction

FRANCE

1.3 Organisation

SUEZ RR IWS REMEDIATION FRANCE

1.4 Position

Head Office : 17 rue du Périgord, 69330 Meyzieu
(France)

1.5 Duties

Engineer - Expertise department manager

1.6 Email address

mathieu.vion@suez.com;
boris.devic-bassaget@suez.com
contact.remediation.europe@suez.com

1.7 Phone number

+33(4)72450222
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2. Site background

2.1 History of the site

The site where the SVE clean-up project was carried out is confidential.

The site is located in the lle-de-France region, in France. The site covers an area of
several hectares and corresponds to a multidisciplinary research and innovation centre.
The activities carried out concern many fields such as nuclear energy, life sciences,
material sciences, climate and environment, technological research and education.

The area of the site mainly affected by the presence of VOCs (mainly trichloroethylene —
TCE) in the subsoil is located in the extreme south-eastern part of the centre.

2.2 Geological setting

The geological and hydrogeological information collected during the previous studies
are reported in the following table.
Geological information Hydrogeological information
The horizons intersected by the wells on site
are successively:
e a very poorly permeable cover
formation, corresponding to plateau
silts and grindstone clays, with a
thickness of around 12 m;
e the Fontainebleau sands,
corresponding to very well classified
fine sands (particle size of 500 to 600
um); the thickness of Fontainebleau
sands formation is around 50 m; a
carbonate and clayey horizon, with a
thickness generally between 1 and 2
m, is present in the upper part of the
Fontainebleau sands formation, at a
depth of the order of 14 to 15 m.

Aquifers:  formation of the
Fontainebleau sands

Static level: the free surface of the
water table is intercepted at a depth
of 40 m.

Flow direction/gradient: the flow of
the groundwater table is directed
towards the south

Hydrodynamic data: no data is
available
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2.3 Contaminants of concern

Under the effect of the diffusion within the Fontainebleau sands, which are very
permeable to air and which are isolated from the atmosphere by a confining geological
layer of a dozen meters thick, a halo of VOCs (mainly trichloroethylene - TCE) was
formed within the pore space of the Fontainebleau sands, in the sector of the main
source zone identified, that is to say in the extreme south-east of the site.
The TCE halo partially dissolves on contact with groundwater. The plume of VOCs,
multi-source and multi-pollutant, affects groundwater at the scale of the site.
Pollution characterization data remain unknown, namely:

e the position of the historical area of solvent infiltration in the subsoil;

e The nature and quantities of the VOCs that have reached the subsoil;

e the nature of the polluting events that led to the infiltration of VOCs into the

subsoil.

2.4 Regulatory framework

The main objective of the client is to improve the quality of groundwater and overall
improve the quality of the underground environment, with a view to reducing the
sources of pollution of the underground environment in accordance with the French
national methodology for the rehabilitation of sites and soils polluted.

To achieve this, the client commissioned the company SUEZ RR IWS REMEDIATION
FRANCE to carry out the forced extraction of TCE present in the gaseous state in the air
from the soil between 15 and 40 m deep, within the Fontainebleau sands formation, in
the south-eastern part of the site.

3. Pilot-scale application in field
We did not carry out a pilot sizing test prior to the implementation of the soil vapour
extraction treatment.
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4. Full-scale application

4.1 Extraction system

The forced extraction of gases from the ground was accomplished from the three wells
named F51,
PG-05 and PG-08. These wells are respectively 50 m, 20 m and 30 m deep in relation to
the surface. The screened intervals of these wells intercept the Fontainebleau sands.

The treatment unit was dimensioned so as to be able to ensure a maximum extraction
flow rate per well of the order of 150 to 200 m*/hour. In addition, given the configuration
of the screened intervals of the PG-05 and PG-08 wells, SUEZ RR IWS REMEDIATION
FRANCE has provided specific plugs and wellheads in order to selectively extract gases
from the soil in the Fontainebleau sands formation overlying or underlying the carbonate
and clay horizon generally intersected between 14 and 16 m deep.
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Litholagie Description

Echantillonage

... |Temevégewlebrine 4
Rembiass sablo gmveieux brun

1
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5
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orangées, traces noires pulvérulentes
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. [hétérogene, _!qc_a_lemenl argileux et humides
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Arglles créme, a blecs siliceux disséminés, IPG-OSb[
locatement kaolinitisés {pulvérulent)

Arg!les oompactes gris et caramel

Sables et graviers argileux tres hetérogenes
kaolinitisés , a blocs siliceux et nodules noirs.

PG-05a
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{Burdigaiien)

Tubage plein PVC 80 mm, vissé
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‘J} -—1((1} ‘-3\’(_0) \.>~;:_q:
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poos]
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Geological and technical section of the PG-05 well
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4.3 Radius of influence

We did not determine the radius of influence of the treatment wells in the context of
this project.
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4.4 Off gas Treatment

The technical-economic analysis, based on the forecast mass balance of the treatment,
has shown that the treatment of gases extracted on activated carbon is the most
economical solution, while allowing a significant reduction in the content of volatile
pollutants.

The choice of SUEZ RR IWS REMEDIATION FRANCE fell on two parallel filtration lines,
each of the lines being made up of three 200-liter activated carbon filters arranged in
series (capacity of 75 kg of activated carbon per filter). When the activated carbons from
the two drums placed at the head reached saturation, said drums were emptied, tipped
at the end of their respective filtration line and then supplemented with healthy
activated carbons. The soiled activated carbons were packaged in big bags. Each big-bag
will be completed with 400 to 600 kg of activated carbon.

The VOC content in the air flow at the outlet of each drum has been measured to
effectively control the gaseous discharge to the atmosphere and to avoid any exceeding
of the discharge criteria.

4.5 Control parameters
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Débit voulmique d'extraction (m 3/h)
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Masse extraite (kg)
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5. Enhancements to SVE

5.2 Any other enhancement

Apart from the use of shutters and specially designed well heads during treatment for
the PG-05 and PG-08 wells (as a reminder, in order to carry out a selective extraction of
gases from the soil in the Fontainebleau sands formation overlying or underlying the
carbonate and clay horizon generally intersected between 14 and 16 m deep), SUEZ RR
IWS REMEDIATION FRANCE has not implemented other improvements to the SVE
system.

7. Additional information

7.1 Lesson learnt

Controlled project, without particular constraints to be met. The SVE treatment made it
possible to achieve the asymptote of recovery of TCE in the horizon of the
Fontainebleau sands. The client did not communicate to SUEZ RR IWS REMEDIATION
FRANCE the analytical results from the groundwater monitoring but had nevertheless
shared the information that the quality of the groundwater at the level of the
piezometer located directly downstream of the treatment zone was improved.
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1. Contact details - CASE STUDY: SVE n.10

1.1 Name and Surname

Simone De Fazio® — Corrado Thea?

1.2 Country/Jurisdiction

Italy

1.3 Organisation

Golder Associates S.r.l.

1.4 Position

'Geologist — *Environmental engineer

1.5 Duties

Italian Environmental laws (D.Lgs 152/06)

1.6 Email address

sdefazio@golder.it — cthea@golder.it

1.7 Phone number

+39 011 2344200




2. Site background

2.1 History of the site

The Site is an ex industrial plant operating from the ‘50s to 2009, when it has been
re-located because the area has become almost completely residential.

The remediation procedure for the Site started at the beginning of the 2000s, because a
facility downstream from the Site was found to be impacted by an incoming chlorinated
solvents contamination. Since 2000 soil and groundwater were largely investigated and
a remediation activity was performed from 2011 to 2013.

In 2017 pilot tests were undertaken in order to address the PCE contamination detected
in soil and groundwater. The selected technologies are Enhanced Reductive
Dechlorination for GW and SVE for soil. Due to good results achieved in pilot tests, a full

scale remediation was performed at the beginning of 2019 and it’s still ongoing.
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2.2 Geological setting

Site soil consists of gravel and sand, interbedded with thin layers of sandy silt. The depth
to groundwater is approximately 20 meters below ground surface (bgs).
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2.3 Contaminants of concern

The main contaminant is tetrachlorethylene (PCE), detected in soil and groundwater.
Trichloroethylene (TCE), 1,2 dichlorethylene (1,2-DCE) and Vinyl chloride (VC) are also
present, as PCE degradation products.

In soil PCE was detected in concentration of about 1000 mg/kg. PCE in soil gas was up
to 4900 mg/m”.

The remediation target for the Site was calculated by a human health risk assessment
and for the soil matrixes is a soil gas target (because of the vapour inhalation risk) and
it is equal to 110 mg/m® for PCE, at the sub slab pins installed underneath the building
and 2000 mg/m? at the soil gas probes installed outdoor.

2.4 Regulatory framework

The main environmental law in Italy is the Legislative Decree no. 152/2006 (D.Lgs
152/06) that in Part four, Title fifth sets specific rules for remediation of contaminated
sites.

The reference legislation establishes some threshold values (CSC D.Lgs 152/06 and
limits DM31/15) for the main contaminants both in soil and groundwater; if during the
characterization there are one or more exceedance of threshold values, the site is
defined "potentially contaminated", and a human health risk assessment can be
developed to estimate the risks deriving from the potential sources of contamination
detected on site (defined by the samples with exceedance) and to calculate risk-based
site-specific threshold limits (CSR). The legislature also fixes which are the values of
acceptable risk for the assessment.

If the estimated risks are lower than acceptable values, the site is defined "not
contaminated", and no remediation is needed. If the estimated risks are higher than
acceptable values, the site is defined "contaminated", and remediation is needed. The
risk based site-specific threshold limits (CSR) are the remediation targets.
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3. Pilot-scale application in field

3.1 Extraction system

A SVE pilot test was performed in a not vertical well drilled with a 10° plunge (from
vertical), up to 16.5 m bgs, right underneath the underground tank that were the
primary contamination source; the screened interval is positioned from 8 m to 16.5 m
bgs, to target the residual contamination below the source area as indicated by previous
investigations.

The test was conducted connecting the well (SVEa) to a blower and then applying a
vacuum on the extraction well. Vapor flow rate, vacuum and VOC, O,, CO, and CH,
concentrations were measured in the extraction well and in 4 nearby soil gas probes.

A stepped rate test and a constant rate test was conducted on the test well. In the
stepped rate test, each step was carried out for 30 minutes, at increasing flow rates (70,
95, 124 and 164 m>/h). During the constant rate test the maximum flow rate (164 m>/h)
was used for a longer time (300 minutes).

Vacuum and VOC, O,, CO, and CH, concentration measured in soil gas probes was used
to assess the Radius of Influence (“ROI”) of the SVE.

3.5 Control parameters

Vapor flow rate, vacuum and VOC, O,, CO, and CH, concentrations were measured in
the extraction well and in 4 nearby soil gas probes during the test.
In the graph below the VOC measured during the constant rate test. 5000 ppm is the
over range value of the field gas detector.
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4. Full-scale application

4.1 Extraction system

The SVE system used included the following equipment:

e 1 non vertical well (SVEa), 3” in diameter, 16 m b.g.s. deep, 10° inclination;

e 3vertical wells (SVEb+SVEd), 3” in diameter, 9 m b.g.s. deep and located 12.5 m
one from the other;

e 3 venting trenches, about 30 m long, located at 1 m bgs under the building
basement floor and with a 7 m distance one from the other; each trench is
composed by a HDPE pipe, screened, 4” in diameter, draining gravel, a protection
sand layer and concrete;

e ablower and related vessels and piping, connected to a vapour treatment unit,

e vapour treatment unit composed of 3 Granular Activated Carbon (“GAC”) filters.

e |n addition, a HDPE vapour membrane was installed in the basement of the
building to prevent subsoil vapour intrusion in the building basement and to
increase the effectiveness of SVE action.

The schematic of the extraction venting trench is below.
60 cm

- -

20cm, 20cm

60 cm

4” HDPE pipe

113




é

WATER AND LAND

4.3 Radius of influence

Radius of influence (ROI) was calculated on the basis of induced vacuum and the pilot test
results. The extracted flow is different for each extraction well in order to achieve the
desired ROI: about 11-14 meters SVEa, about 7 meters SVEb-d.
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4.4 Off gas Treatment

Activated carbon adsorption was used to remove all contaminants from the air stream;
filters consist in 3 iron tanks, 150 cm high (270 cm with legs), 127 cm diameter, containing
800 kg of GAC each, connected in series.

The replacement of the GAC is scheduled based on the routine monitoring of VOC at the
inlet and outlet of the system (see Chapter 4.5).

Off gas monthly monitoring at GAC filters outlet showed 0 ppm values over all the
operational period, thus confirming the effectiveness of the off-gas treatment.
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4.5 Control parameters

In addition, the SVE system has been equipped with a device that allows the continuous
remote control of the operating parameters.

The PCE concentration decreased of 1 to 2 order of magnitude after 1 year of operation of
the system and now is less than 10 ppm. Soil gas concentrations achieved remediation
goal in all monitored soil gas probes.
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6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

In compliance with the Remediation Plan, the SVE system was operated for 12 months
up to asymptotic concentrations. After the shutdown of the system soil gas and sub slab
sampling round was undertaken in order to verify the effectiveness of the SVE
operation; further sampling campaigns are planned biannually for 2 years to confirm the
reduction of the contaminants concentration in soil gas.

Results of the first soil gas and sub slab sampling undertaken after shutting down the
SVE system showed concentrations below detection limits in all samples.

7. Additional information

7.1 Lesson learnt

During the remediation design it was invested in understanding deeply the Site
Conceptual Model and in particular the secondary source; thus the remedial action
targeted specifically and successfully the impacted source.
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1. Contact details - CASE STUDY: SVE n.11

1.1 Name and Surname

Valentina Sammartino Calabrese

1.2 Country/Jurisdiction

Italy

1.3 Organisation

ARPA Campania

1.4 Position

Technical Collaborator

1.5 Duties

1.6 Email address

1.7 Phone number
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2. Site background

2.1 History of the site

The area is located on the eastern outskirts of the city of Naples, in an area
characterized by a high population density and the presence of numerous industrial
activities, most of which are abandoned. In particular, there are hydrocarbon
management activities, dedicated almost exclusively to storage, as refining activities
have now ceased, manufacturing industry, engineering, production of services.

The area is located within the Eastern Naples SIN, established in 1998.

There is a protocol for the entire area of the SIN "Program agreement for groundwater
remediation" which provides that the P.A. takes over the remediation of the
groundwater in place of the responsible parties who adhere to it (once the health risk
for workers is excluded).

There are also technical protocols for environmental characterization activities
developed by the PA.

In the past, the site was annexed to a large fuel storage area, currently it carries out
storage and sale of automotive fuels.

Ristarants

Immagini ©2020 Maxar Technologies Dati cartografici @2020 50m
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2.2 Geological setting

the stratigraphic structure of the area can be schematized as follows:
e from 0.0 to approx. 2.0 + 3.0 m depth: heterogeneous fill soil, with sandy and
gravelly granulometry
e from approx. 2.5 + 3.0m at about 5.0m depth: sandy silt and silt, cohesive
e from4.0+5.0mto 12.0m depth: sand, subjected to a silty level

There is an exchange between the superficial and the deep aquifer with an active
underground water circulation. The structure of the aquifer is very complex: the
pyroclastic and sedimentary materials that constitute it present continuous
granulometric variations both in the areal and vertical sense.

The consequence of the granulometric heterogeneity and the permeability
characteristics of the soils present is the difficult identification of low permeability levels
with sufficient continuity to divide the aquifer into several distinct layers. The pitch
therefore tends to be typed in several levels, corresponding to coarse and variously
interconnected materials, but always maintaining a unique character. The current
subsidence, in most of the territory under examination, is less than 3-5 m from the
ground level.

Contamination affects both the unsaturated and saturated phase of the subsoil.
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2.3 Contaminants of concern

SOIL CONTAMINATION CONCENTRATIONS RANGE detected up to 6 meters deep from
the ground level:

Hydrocarbons C <12 400 mg/kg - 6500mg/kg
e Hydrocarbons C> 12 1300 mg/kg - 4600mg/kg
e Benzene 3 mg/kg - 118 mg/kg

e Ethylbenzene 100 mg/kg

e Total Xylenes 80 mg/kg - 400 mg/kg

RANGE OF CONCENTRATIONS CONTAMINATION OF GROUND WATER:

e TOTAL hydrocarbons 600 pg/l - 12000 pg/!
e Benzene 130 pg/I - 900 pg/l

e Toluene 17 pg/l - 2850 pg/I

e Ethylbenzene 100 pg/l - 330 pg/I

e Total xylenes 12 pg/l - 825 pg/I

e MTBE 50 pg/l - 6000 pg/l

2.4 Regulatory framework

D.Lgs. 152/2006
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3. Pilot-scale application in field

3.1 Extraction system

Installation of an extraction well and a monitoring well both located within the
contaminated area.

Execution of the test, with a portable system assembled for ventilation tests, consisting
in:

e a Blower (aspirator) with flameproof execution side channels, being
hydrocarbons, with a power of 3 KW, 50 Hz;

e 2200 L activated carbon filter for air;

* Mineral-based activated carbon for air drawn into cylinders with a high degree of
activation of the type Chemviron Carbon 207E 4x8 US mesh.

e step test at different air extraction rates, for each of which the monitoring
induced depression on wells, concentrations of VOC, CO, and O,, both through
the wells monitoring, which exits the system.

The pilot test was conducted by inducing two different, corresponding depressions steps
respectively at two different values of extracted air flow rates: the test began with a
flow rate Q1 = 450 m>/h and subsequently continued with a flow rate Q2 = 350 m?/h.

3.3 Radius of influence

In order to calculate the radius of influence, the distance at which the vacuum is 10% of
the vacuum applied to the extraction well is considered.

3.4 Off gas Treatment

a 200 L activated carbon filter for air: mineral-based activated carbon for air drawn into
small cylinders with a high degree of activation of the Chemviron Carbon 207E 4x8 US
mesh type.
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3.5 Control parameters

A step test was carried out at different air extraction rates, for each of which the
depression induced on the monitoring wells, the concentrations of VOC, CO, and O,,
both through the monitoring wells, and at the outlet were evaluated. from the system.

The maximum concentration of polluting vapours extracted occurred in the first 30
minutes of the test, beyond which there was a drastic lowering of the same, up to values
close to those of the natural subsoil.

With the decrease in extracted flow, a very modest increase in vapours in terms of VOC
was observed, certainly not very significant.

The test was interrupted after about 8 hours due to the temporary exhaustion of the
polluting load.

A good response of the system was instead obtained from the variation of the oxygen
and carbon dioxide levels, which caused a decrease in O, and an increase in CO,. This
data indicates a modest but continuous presence and action of indigenous
microorganisms, which oxidize organic substances by consuming oxygen and producing
water and carbon dioxide.

From the calculations carried out it was possible to evaluate the optimal operating flow
rate equal to approximately Q = 400 m>/h, with a radius of influence for each ventilation
shaft equal to approximately 12 m.
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4.

Full-scale application

4.1

Extraction system

The air extraction system (EVS) has provided for n. 3 ventilation shafts of 2 "pushed up
to a depth of 3 m, and made up as described below:

Blower (aspirator) with explosion-proof side channels (being hydrocarbons) with a
power of 5.5 KW.

"water trap" (for condensation of the extracted vapours);

200 litres active carbon filter for air;

n. 3 gate valves to regulate flows and capacities;

vacuum gauges with scales from 0 to 100 mbar and from 0 to 1000 mbar;

PVC pipes with high decompression resistance;

wellhead that can be inspected, with quick couplings, for measuring the gases and
depressions induced on each ventilation shaft;

connection to the blower of the wells with pipes of adequate diameter;

all the pipes have been conveyed into a regulation barrel with valves for
regulating the flows

dilution valve before entering the blower.

4.3

Radius of influence

In order to calculate the radius of influence, the distance at which the vacuum is 10% of
the vacuum applied to the extraction well is considered.
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4.4 Off gas Treatment

The vapour treatment system (VOC) includes n. 1 filter containing activated carbon for
air based on mineral drawn in cylinders with high degree of activation of the Chemviron
Carbon 207E 4x8 US mesh type.

Below is a description with the characteristics of the activated carbon:
e Activation process = Steam;
e Density =0.46 g/cc;
e Compacted material density = 0.50 g/cc;
e Packaging humidity = 3% by weight;
e Total specific surface (BET method) = 1100 m?/g;
e Ash content = 8% by weight;
e Hardness =97%;
e lodine index = 1000 mg/g;
e Carbon tetrachloride index = 60% by weight;
e Benzene index = 35% by weight;

the average concentration of volatile organic substances to be removed is about 1g/m?>;
the plant has a capacity of 400 m>/h, the total amount of volatile organic substances to
be removed is about 400 g/h per hour. Every 100 kg of carbon have an adsorbing power
of about 10 kg of organic substance. The abatement system, therefore, consisting of a
600 kg battery of activated carbon, has an autonomy of about 2 months.

4.5 Control parameters

Control Frequency Parameters Point of monitoring
Startup (7-10 days) daily Flow Extraction well
Extraction pressure Pipeing
Steam concentration Emission
After startup Every 2 weeks Flow Extraction well
Extraction pressure Pipeing
Steam concentration Emission
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6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

In order to verify the dynamics of the remediation process and the proper functioning of
the installed system, monitoring/maintenance visits are scheduled on a monthly basis,
including | following works:
e General maintenance of plants and calibration of installed systems;
e Replacement and disposal, when necessary, of spent activated carbon;
e Measurement of VOC, CO, and O, leaving the ventilation system and regulation of
induced depressions;
e Sampling of the incoming and outgoing air from the abatement system. Organic
substances birds are analyzed on a quarterly basis for the entire duration of the
remediation. The data is developed and processed using specialized software.

Monitoring of the soil gas, after a three-month stop of the EVS, to implement a new risk
analysis three years after the start of treatment.

volatile organic substances analyzed: Benzene - Toluene - Ethylbenzene - Xylenes (BTEX),
MTBE and total hydrocarbons.

Samples are taken by means of a low flow pump and adsorption on activated carbon
vials

7. Additional information

7.1 Lesson learnt

In case of contamination even of the saturated one, a technology that is effective for
both matrices (unsaturated and saturated) is preferable
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1. Contact details - CASE STUDY: SVE n.12

1.1 Name and Surname

Daniela Fiaccavento

1.2 Country/Jurisdiction

ITALY-VENETO

1.3 Organisation

ARPAV

1.4 Position

Public servant, expertise in soil remediation

1.5 Duties

Evaluation site characterization and remediation
projects

1.6 Email address

daniela.fiaccavento@arpa.veneto.it

1.7 Phone number

+39 0422 558504



mailto:daniela.fiaccavento@arpa.veneto.it

2. Site background

2.1 History of the site

In July 2011, due to a road accident between a little van and a petrol tanker, 8 m* of
unleaded gasoline spilled onto the road, affecting neighbouring land and some stretches
of moats adjacent to the road
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After the development of the site-specific risk analysis, the contaminated area to be
remediated was that shown in the figure below.

The area of contaminated soil was around 1000 square meters, 700 in the field and 300
under the road. The subsoil was contaminated up to four meters depth, only in one
survey up to 5 meters.
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2.2 Geological setting

Under the first 20 centimeters of topsoil, the site presents 2/3 meters of alternation of
sandy silts and silty sand and then, till 8 meters depth, fine and medium gravels in a

sandy matrix.

The depth to ground water is approximately 2.5/3.0 meters below ground surface.

Below is reported the Shepard Diagram in which is collocated the types of soil of three

surveys at different depth.
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In the figure below is reported a stratigrafy of a soil survey.
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2.3 Contaminants of concern

Organic Compounds typical of unleaded petrol: benzene, ethylbenzene, toluene,
xylene, styrene, MtBE ( methylterbutyl ether), also mesaured in soil gas sampling from
well realized in to the subsoil.

In Italy is defined as contaminant also light hydrocarbons (C<12) and heavy
Hydrocarbons (C>12), which is specified according to MADEP Method (Aliphatics C5-C8,
Aliphatics C9-C12, Aromatics C9-C10 and Aromatics C11-C12 for light Hydrocarbons
and Alyfatics C13-C18, Alifatics C19-C36 and Aromatics C13-C22 for heavy
Hydrocarbons).

In the two tables below are reported The maximum concentration, in mg/kg, for each
contaminants of concern, in the surface soil (0+1 meter deep) and in the subsoil (under

1 meter deep).

Table 1. Max Concentration in surface soil for each CoC
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Table 2. Max Concentration in subsoil for each CoC
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2.4 Regulatory framework

The Italian law provides for remediation of contaminated sites specific targets for
urban soil and subsoil, for each contaminants of concern (CSC col. A tab. 1 All. 5 Parte
Quarta Titolo V del D. Lgs. n. 152/06).

With the application of a site based risk analisys, whose risults have been reported by
the company in the specific document approved by the responsible Institution, it has
been defined new target levels for soil.

It has been defined target concentrations for each contaminants also in soil gas, to
evaluate the performance of the Soil Vapor Extaction plant.

3. Pilot-scale application in field

It wasn’t realized a pilot scale application before the full scale plant.
Pilot test were realized after the installation of the full scale plant, before its full
operation.
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4. Full-scale application

4.1 Extraction system

Because of the fact that the ground water was positioned from 2.5 to 3.5 meteres of
depth, the project of SVE was based on a system of horizontal wells, like in the two

figures above.
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Typical constraction scheme of an horizontal extraction well, view in plan and in section
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(from U.S. Army Corps of Engineers, 2002)

Two horizontal lines were been made, one parallel to the road (line 1), the other
ortogonal the road, forward the house (line 2), as shown in the next figure.
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In the following table are reported the technical caractheristics of the two lines of SVE

Line 1 Line 2
width 0.4m 0.4m
depth 1.1m 1.3m
length 38m 26m
Number of 3 2
sections/exctraction wells
Denomination of wells SVE L1A | SVEL1B | SVE SVE L2A SVE

L1C L2B
Blind section 1m 12m 24m Im 12m
Screened section 12m 12m 12m 12m 12m
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In the figure below is reported the plant scheme, which represents both extraction lines
and the off-gas treatment system.
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Once extracted, the contaminated vapor was dealed to a treatment unit, based on
activated carbon adsorption (see the section “off-gas treatment”)

After the beginning test (explained in the following section) SVE system started in
january 2018 and was stopped before soil testing, performed in march 2019, even if the
target in soil gas concentrations had already been reached in September 2018.
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4.3 Radius of influence

The radius of influence were verified directly during the functioning of the plant through
the measurement of the depression induced at the edge of the site.
The field test was realized in the following way:
1. installation of high sensitivity differential pressure sensors (300 Pa) in three
monitoring wells (located like in the following figure) and reset of the instrument
(zero adjusted - 0 Pascal);
2. recording of basic value;
pump start with all 5 extraction lines open;
4. continuous recording of flow rate and depression values

> \\\\

w

\

Location of pilot test wells

It was measured an appreciable induced depression, with a calculated radius of
influence (6.5 m and 8.4 m) that in both cases exceeded the intervention distance, equal
to 3-4 m, from the axis of extraction lines.
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4.4 Off gas Treatment

The vapor treatment unit consists of an activated carbon unit of two modules with a
capacity of 250 kg each arranged in series. The details of each module are shown below.

lenght plates 1.6 m

area plates 1.2 square meter
Air flow 100 mc/h

Air velocity in the filter 1.4 m/s

Contact time 1.2s

The activated carbon will be of mineral origin, physically activated with steam.
Such materials are suitable for air flows with concentrations of about 2000 ppm and
have an adsorption yield of about 10%.

Yield of carbon absorption 10%
Amount of coals needed 25,600 kg
Carbon consuption rate 5.5 kg/h
Carbon filter (2+250kg) 500kg
Filter charge duration 3.8 days

In the case in point, the project data to evaluate the duration of the filters is summed
below.

Media soil gas concentration 2,500 mg/mc
Extraction flow 100 mc/h
Contaminant flow 0.25 kg/h
Total amount of contaminant to be removed | 1,048 kg
Filter charge duration 80 days

To achieve the target of remediation, it has been used around 2,000 kg of activated
carbon.
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4.5 Control parameters

In order to continuously monitor emissions within the legal limits provided, it has been
installed a continuous control system for the measurement of VOC at the effluent
discharge through a PID.

To assess the progress of the remediation, soil vapour samples were collected from four
soil gas wells, located near the soil vapour extraction line; the wells were realized in
couple, two surface wells (up 1 meter deep) and two wells to monitoring soil gas in the
subsoil (up to 2.5 meters deep)

The following figure shows the concentrations in the wells before starting of SVE and
after some months of its functioning. The concentrations are also referred to the target
concentrations defined through risk based analysis (“CSR” in the figure).
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To collect soil gas sample were used stell canister or glasses bottle-vacuum (0.5 or 1
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6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

In 2018 were leaded two campaigns of monitoring soil gases from wells, in both cases
after turning off the plant to evaluate a possible rebound effect.

Once the achievement of the soil gas target concentration had been verified, test
activities on the soils were carried out, realizing four soil probes 5 meters deep. In each
samples (five for each probes) it has been verified the achievement of the legal limits for
each contaminant of concern.

After this test two other soil gas investigation campaigns were carried out, to confirm
that the soil gas targets (concentration limits) have been reached.

7. Additional information

7.1 Lesson learnt

The case study described in this work was the first case in which it has been used a SVE
exctraction in fine soil (like sandy loam) and with a groundwater near the surface.

So, we found ourselves evaluating another plant solution, compared to other cases, with
horizontal wells instead of the “classic” vertical wells.

In addition, unlike what the -current legislation provided, reference soil gas
concentrations were defined through risk analysis with the aim of assessing the progress
of the remediation system.

7.3 Training need

| think that it would be very important to create and maintain a continuous training, not
only with webinars and workshops, but also with creation of technical guidelines, and
almost with training on-the job and sharing experiences with technicians from other
organizations.
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7.4 Additional remarks

In this paragraph | describe the experimentation performed in June 2017 to monitor the
trend of concentration of contaminants in soil gas. This experimentation wasn’t directly
connected with the functioning of SVE, but it was carried out to collect more
nformations about the behaviour of soil gas during a certain observation period.
Going into specifics, the purpose of the experiments was:
e Evaluation of the comparability of different measurement methods
e Evaluation of the temporal variations on a sub-hourly scale of the Cov
concentrations in the aeriform matrices
e Evaluation of the relationships and possible differences between surface probe
and deep probe
e Possible indications of the possible perturbations induced by the sampling to the
state of motion soil gas.
At the first, a high sampling frequency PID was installed in the deep probe, while the
pressure differential trend was monitored in the surface probe.
A second Pid, identical to the first, was also installed for the measurement of volatile
compounds in a free atmosphere. During this period, two campaign of soil gas samples
were carried out, both with vacuum bottle and with dynamic flux chamber (in the figure
below).
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In the same period it has been installed a micrometeo control uni
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triaxial ultrasonic anemometer; 1
® rain gauge; N
e thermohygrometer;
o differential pressure sensors

-

Continuous field measurements
and laboratory analyzes of soil
gases showed daily variability in
concentrations; in addition, if the
measurements are made at times
favourable to the accumulation of
contaminant, the detected
concentrations will be higher than
at other times of the day.

More details and explanation can
be found at the following link
https://www.arpae.it/dettaglio _do
cumento.asp?id=7277&idlivello=11
71

——3p.

These experiments were carried
out thanks to Copernico srl (UD),
www.copernicon.it the consulting
company in the field of remediation
of contaminated sites that followed
the remediation activities from
characterization to testing. The
images, graphics and tables shown in the present questionnaire are taken from the
project documents drafted by Copernico.
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1. Contact details - CASE STUDY: SVE n.13

1.1 Name and Surname

Aldo Trezzi

1.2 Country/Jurisdiction

Italy

1.3 Organisation

Ramboll Italy S.r.l.

1.4 Position

Principal

1.5 Duties

Aldo has more than 25 years of experience in the
management of projects related to water
treatment, soil and groundwater characterization
and remediation of complex sites

1.6 Email address

atrezzi@ramboll.com

1.7 Phone number

+39-335 423725
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2. Site background

2.1 History of the site

Large Industrial Chemical site (more than 100 ha) active since 1901.

Actual main production: Fluorinated Compounds

Historical productions involved large use of CrVI and CHCs, mainly Chloromethanes.

The area of interest for the application of the SVE system is about 7,000 m” and is
impacted by mainly Chloromethanes both in the vadose zone and in the saturated zone.
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2.2 Geological setting

From 0 to 1-2 m bgl typically is present filling material.

From 1-2 m bgl to 18-20 m bgl the soil consists mainly of gravel with sand and silt.
The depth to ground water is approximately 9 m bgl.

The following images show the geological setting from 0 to 10 m bgl.
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2.3 Contaminants of concern

The main compounds of concern are:

e Tetrachoromethane

e Trichloromethane

e Trichlorofluoromethane
Max concentration detected in unsatured soil:

e - Trichloromethane: 23.00 mg/kg
Regarding the unsatured soil, the only VOC detected in the area was the
Trichloromethane, with a concentration of 8.9 mg/kg in the first meter b.g.l., 6.7 mg/kg
between 2 and 3 meter b.g.l. and 23 mg/kg between 4.5 and 5.5 meter b.g.l.. Italian
law threshold concentration value (CSC) for Trichloromethane is 5 mg/kg, and also the
risk concentration value (CSR) defined by the risk analysis for Trichloromethane is 5
mg/kg.
Max concentration detected in the groundwater (2009-2012):

e . Tetrachoromethane : 170,000 pg/I

e - Trichloromethane: 290,000 pg/I

e - Trichlorofluoromethane: 10,000 pg/I

2.4 Regulatory framework

Clean-up goals for soil and groundwater were defined in the Risk Assessment, and are
included in the on-going remedial plan, approved in 2012. According to Italian
regulation, although the remedial targets are defined on a Risk Assessment basis inside
the facility (SSTLs or CSR), groundwater quality at the end of remedial action must
comply with regulatory limits (CSC, much more conservative than calculated SSTLs) at
the downgradient boundary of the site. Therefore, once reduced the concentration
below the CSR for inhalation risk inside the facility, the ultimate clean-up goal for
groundwater is to reduce and control the off-site migration.

Nonetheless, scope of the SVE system is to remediate the unsatured soil: reduce as
much as technically possible the presence of VOCs in the soil gas and obtain
concentration of the VOC compounds in the soil below the calculated risk
concentrations (< CSR).

Other technologies have been applied to remediate the saturated zone.
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3. Pilot-scale application in field

3.1 Extraction system
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Before the installation of the full scale system, a pilot scale application was performed to
estimate the effective Radius of Influence (ROI) of each extraction well, operating Flow
Rate & Vacuum per each extraction point. The test system consisted in #4 SVE points
(screened from 1 to 9 m bgl), # 4 Nesty Probes Points (each equipped with #4 NP located
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at different depths), #1 vapour/water separator tank, #2 air blowers connected in parallel
(Each blower: 350 mc/h @ AP 150+175 mbar); #2 granular activated carbon filters
connected in series (1,300 litres each) in order to remove the VOC from the vapour stream
before the emission in atmosphere.
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3.3 Radius of influence

Tests performed:
e n. 2 step vacuum test
e n.5long-term tests at constant vacuum
Results:
e -ROI=9+10 m (cutoff -2.5 Pa)
e - Flow rate each SVE ~ 130 mc/h
e - Vacuum @ SVE head: ~ - 30 mbar
Moreover:
e - n.4SVE points showed a good overlap of influence areas covered by each point
e - granular activated carbon filters showed good removal of contaminants present
in the extracted vapours

0.1 10 100 100,0
logaritmo distanze (m)
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3.4 Off gas Treatment

During the pilot test the extracted vapours were treated by # 2 granular activated
carbon filters connected in series (1,000 litres each ).

3.5 Control parameters

To assess the effectiveness of the treatment and evaluate the ROI, the following
parameters were monitored during the pilot scale application:
e AP in/out blower;
e Vacuum at the wellhead of the suction point/points;
e Vacuum induced at the soil gas monitoring points (Nesty Probes) at different
distances and depths from the extraction well/wells;
e Flow rate of extracted gases;
e VOC concentrations before and after treatment;
e 0,, CH,4, CO, monitoring at each SVE extraction and NP monitoring point before
VOC sampling.
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4. Full-scale application

4.1 Extraction system

The Full Scale SVE has been designed considering the Pilot Test results (ROI, flow rate per
each extraction point, vacuum to be applied at each extraction point) and taking into
account the whole area to be remediated:

* n. 18 SVE points;

e distance between extraction points: L=2(ROI) cos30 =17 m

¢ Design flow rate = 2340 mc/h

¢ N. 4 blower (750 mc/h @ AP 150 mbar - each)

e N. 4 Granular Activated Carbon filters (4000 | — each — 2 duty/2 standby)

LEGENDA
Paligono con concentrazione puntuale superior alle CSR nel terrent profondi(Cloraformio)

Presidio di pompaggio proposto’

Punto di estrazione SVE esistenta

Punto di estrazione SVE proposto

Punto di estrazione SVE e presidio di pompaggso proposto
Nesty probe

Raggio di mfluenza puntl SVE esistenti

Raggio ¢ influenza punti SVE proposti

Possibile ubicazions nuovo impianto SVE Ml scale

Filtr & carbani attivl

o9 0e® 0

Plezometri present] nellares

N

Linee di aspirazione

L'ubicazione dell'impianto di estrazione
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4.3 Radius of influence

The SVE Full Scale ROl is in line with the result of the SVE Pilot Test: about 9-10 m.

4.4 Off gas Treatment

As for off-gas treatment, #4 Granular Activated Carbon filtres (4000 | - each- 2 duty/2
duty/2standby) were installed

4.5 Control parameters

To assess the effectiveness of the treatment the following parameters were monitored
with the following frequency
Every two days:

* Monitoring of emissions into the atmosphere with short term tubes
On a weekly basis:

e Air flow and extraction rates

e AP in/out blowers, vacuum inducted in each SVE extraction point

e Temperature in/out blowers

e VOC analysis before vapour treatment for each blowers

e Measure of piezometric level in monitoring points present in the area
Every two weeks

e VOC analysis of the treated vapours
On a quarterly basis:

e VOC, O,, CH,, CO, and vacuum induced at each SVE extraction and NP monitoring

point

After the first three years monitoring plan has been modified in agreement with
Authorities, and all the activities conducted on a weekly basis until 2016 were then
conducted every two weeks. The above monitoring activities allowed also to calculate
the VOC mass removal
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6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

The long term monitoring shows the effectiveness of the remediation technology
applied.
The monitoring data collected allow to calculate quite a high CHCs mass removed from
the unsaturated soils and show a clear evolution (depletion) over time of the CHCs
concentrations measured at the SVE points.
In fact, considering both the pilot plant (active in the period May 2011 - May 2013) and
the Full Scale plant (August 2013 - January 2019), the SVE system removed about 5238
kg of CHCs:

e Tetrachoromethane: 3171 kg

e Trichloromethane: 1814 kg

e Trichlorofluoromethane: 253 kg
From the results of quarterly analyses of VOC content in the vapour extracted from the
extraction points in the area of the SVE intervention, isoconcentration maps for the
above mentioned three contaminants in soil gas could be drawn.
These maps show a progressive decrease in concentrations over time after starting the
SVE system.
Following the achievement of the technological limit of the SVE application (asymptotic
value of the extracted mass) Stop & Go tests were performed. The tests showed a
negligible rebound of the concentration and consequently the SVE system was stopped
and confirmatory soil samples were taken which all showed CHSs concentrations below
the CSR and also the CSC values.

7. Additional information

7.1 Lesson learnt

Although the characterization surveys, performed initially by drilling boreholes,
indicated only few CSC excedances of the CHCs concentration in the soil samples, the
application of the SVE system allowed to remove a high mass of VOCs. In order to
properly size remediation interventions, it is therefore important to carry out a more
detailed characterization of the potential contamination sources in the unsaturated soils
using advanced investigation techniques such as, for example, Soil Gas Survey,
Membrane Interface Probe Investigations, Passive Soil gas Survey, etc..
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7.2 Additional information

To assess the success of the remediation it is necessary to perform:
e trend analysis of each contaminant monitored over time with respect to the
initial baseline value.
e quantification of extracted VOC mass over time

7.3 Training need

To ensure the achievement of remediation goals it is necessary to perform a good
operation and maintenance of the overall system. To do this it is important that the
system is managed by trained personnel.

Glossary of Terms

Term (alphabetical order) Definition

voC Volatile organic compounds (VOCs) are organic
chemicals that have a high vapour pressure at
ordinary room temperature

CHCs Chlorinated Compounds

SSTLs or CSR Site Specific Target Level, which are named CSR in
Italian regulation, are concentration target levels
defined according to Risk Analysis procedure
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1. Contact details - CASE STUDY: SVE n.14

1.1 Name and Surname

Ewa Szczebak

1.2 Country/Jurisdiction

Poland

1.3 Organisation

Arcadis

1.4 Position

Senior Environmental Specialist

1.5 Duties

Environmental consulting regarding soil and
groundwater investigation, remediation, risk
assessment. Project management.

1.6 Email address

ewa.szczebak@arcadis.com

1.7 Phone number
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2. Site background

2.1 History of the site

The site is an active railway area with 4 main tracks and some crossovers. Soil and
groundwater was contaminated in 2010 due to a spill of app. 800 Mg of petroleum
products (mostly diesel) after a train crash. The maximum admissible concentrations for
soil and groundwater are exceeded for light and heavy petroleum hydrocarbons and

" ] /

BTEX.
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2.2 Geological setting

Site soil consists largely of fine and medium sands, locally overlaid by sandy loam.
Uppermost soil layer is man-made fill (consisting of sandy loam with crushed bricks) and
railroad ballast below the tracks. The depth to groundwater is approximately 7 meters
below ground surface on the railway area and approximately 5 m bgs on the outflow.

Railway area

2.3 Contaminants of concern

The contaminants of concern detected in soil:
e Total Petroleum Hydrocarbons fraction C6-C12: BDL — 10,600 mg/kg
e Total Petroleum Hydrocarbons fraction C12-C35: BDL — 40,000 mg/kg
e Toluene: BDL-57 mg/kg
e Ethylbenzene: BDL - 426 mg/kg
e Xylenes: BDL - 1,240 mg/kg
The contaminants of concern detected in groundwater:
e Total Petroleum Hydrocarbons fraction C6-C12: BDL — 4,990 mg/L
e Total Petroleum Hydrocarbons fraction C12-C35: BDL — 1,490 mg/L
e Benzene: BDL-0.5 mg/L
e Toluene: BDL-29 mg/L
e Ethylbenzene: BDL - 76 mg/L
e Xylenes: BDL—200 mg/L
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2.4 Regulatory framework

Due to a damage in environment after the spill of hydrocarbons the administrative
procedure has been initiated. The first step was the extensive site investigation
executed in a few rounds, including soil and groundwater sampling, monitoring wells
installation and observation of groundwater and LNAPL behaviour. Based on the
laboratory results of soil and groundwater samples, exceedances of relevant
environmental standards were assessed. Remediation Action Plan was submitted to
the Regional Environmental Agency, with the aim of remediation — achievement of soil
and groundwater standards. After few a years of remedial system operation (LNAPL
skimming enhanced with groundwater drawdown, and venting barrier on the outflow)
the law in Poland has changed and the risk-based approach has been implemented.
Therefore, the application for remediation based on human health and environmental
risk-assessment was submitted to the Regional Environmental Agency. The proposed
remedial goal is to limit the migration of contaminated groundwater.

The SVE system is a part of venting barrier, consisting of air sparging (AS) system and
soil vapour extraction (SVE) system. Due to close distance between barrier and office
building, the SVE system is operating to prevent potential vapour intrusion into the
building.

3. Pilot-scale application in field

3.1 Extraction system

The main goal for the SVE system was to extract contaminants in the gas phase in the
area of air sparging system operation. Therefore, pilot tests were carried out on the
injection wells screened in the aquifer. Since the geology of vadose and saturated zone
is similar (fine sand along the whole profile), the radius of influence of extraction wells
was established according to AS pilot tests.
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3.2 Injection system

One injection well and three monitoring points were installed in a line for the field test
of air sparging (AS) technology. The location of the test was based on future potential
venting barrier location. Distance between the injection well and monitoring points was
between 1.6 and 2.5 m and it was adjusted due to the presence of underground utility
lines (i.e. power line, optic fiber, sewer system). The air was injected by a blower, to a
depth of 1.7 — 2.0 m below the groundwater table.
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3.3 Radius of influence

Radius of influence (ROI) at around 5 meters was calculated for the air sparging test (air
injection into one well and observations in 3 points). The observed parameters were:

groundwater level and pressure versus distance. A groundwater level increase of 0.1 m
was considered as the boundary of the effect of AS well. Scheme of AS test is presented

below.
Air
injection
Monit. Monit. Monit.
point3 point2 point1 AS well

6

1.6 m 2
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3.4 Off gas Treatment

No off gas treatment was installed for the pilot test, because the test was based on air
injection, not extraction.

3.5 Control parameters

For the pilot scale of AS system, it was useful to monitor the oxygen concentrations in
monitoring points and in surrounding GW monitoring wells. The increase of oxygen in
groundwater was fast and direct proof of effectiveness of air injection.

4. Full-scale application

4.1 Extraction system

The SVE system includes the following equipment: a metal container measuring 3 m
wide by 10 m long by 3 m high; 11 horizontal vapour extraction wells; and one air
compressor. In addition, the system includes a filter with activated carbon to treat the
contaminated air.

The soil vapour extraction system consists of eleven 2-inch diameter horizontal wells
screened at depth of app. 4.0 — 4.2 m bgs. The wells are combined with pipelines and
work as two separate lines, set between two lines of air injection wells.

The SVE system works at intervals alternately with AS system, time of each interval is
half an hour.
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4.2 Injection system

The air sparging system includes the following equipment: a metal container measuring
3 m wide by 10 m long by 3 m high; 13 horizontal air injection wells; and one blower.
The AS system consists of thirteen 2-inch diameter horizontal wells screened at depth of
approx. 7.0 — 8.2 m bgs. The wells are combined with pipelines and work as two
separate lines, set between two lines of vapour extraction wells.

The AS system works at intervals alternately with SVE system, time of each interval is
half an hour.

4.3 Radius of influence

Radius of influence (ROI) was calculated for the air sparging test (air injection into one
well and observations in 3 points) at around 5 meters. The observed parameters were:
groundwater level and pressure versus distance. A groundwater level increase of 0.1 m
was considered as the boundary of the effect of AS well. Scheme of AS test is presented
below.
Air
injection
Monit. Monit. Monit.
point3 point2 point1 AS well

‘ 2.0m ‘1.6m| ‘2.5m‘|
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4.4 Off gas Treatment

Activated Carbon Adsorption is used as treatment method for off gas. A vertical filter
with a capacity of 1 cubic meter is installed in the container. Granulated activated
carbon is used as air emissions treatment.

4.5 Control parameters

e PID measurements are taken once a year in extraction points to check the
effectiveness of vapour extraction.

e Periodically a PID measurements in the off-gas are taken to control the
effectiveness of soil gas treatment.

e Water levels are measured regularly to control proper work of AS system.

e Contaminant concentrations and basic physical-chemical properties are measured
in GW twice a year as part of groundwater monitoring programme for the site.

6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

PID measurements have been taken once a year in extraction points to check the
effectiveness of vapour extraction.
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7. Additional information

7.1 Lesson learnt

1. methodology and procedures: before the installation of full-scale system, the
hydrogeological data from 1-2 years of measurements (dependent on the local
hydrogeology conditions) should be gathered and analyzed. It would help to avoid
a situation of eventual groundwater level rise causing flow of the groundwater
into extraction wells (i.e. danger of equipment damage). And for the AS system it
would help to install injection wells to a reasonable and cost-effective depth.

2. technical aspects: the system generates a lot of heat, therefore the building
where the equipment is installed should be adequately designed to decrease the
indoor temperature in the summer (i.e. ventilation). Location of wells and related
interdistance for the full scale system are determined also by the local conditions
(i.e. underground utility lines, land accessibility). Therefore, it should be
considered when designing the system to keep the proper influence area.

3. regulatory aspects: it would be much easier to conduct pilot studies of proposed
remedial technology before the submission of Remediation Action Plan (RAP).
Since after the entry into force of the new regulation, formally you should submit
a RAP just after a contamination is acknowledged. Therefore, understandably,
most of the clients prefers to submit the RAP before field tests. Then, if field test
results show a lack of effectiveness of the proposed technology, RAP should be
amended.
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7.3 Training need

Training would be recommended both for consultants (for better understanding of the
methodology and its needs) and for the authorities (for better understanding of the
capabilities of SVE and the need of field tests prior the full scale system installation).
Workshops and presentations about case studies are an effective learning tool.

Glossary of Terms

Term (alphabetical order) Definition

AS Air Sparging

BDL Below Detection Limit

BGS Below Ground Surface

BTEX Benzene, Toluene, Ethylbenzene, Xylenes

GW Groundwater

LNAPL Light Non-Aqueous Phase Liquid

RAP Remedial Action Plan — an official document
submitted to the authority for approval

ROI Radius of Influence
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1. Contact details - CASE STUDY: SVE n.15

1.1 Name and Surname

Puricelli Sara, Marin Rosa Angela, Ricci Diego,
Confalonieri Massimiliano

1.2 Country/Jurisdiction

Italy

1.3 Organisation

ARPA Lombardia

1.4 Position

1.5 Duties

1.6 Email address

s.puricelli@arpalombardia.it
m.confalonieri@arpalombardia.it

1.7 Phone number

+39 031 2743913
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2. Site background

2.1 History of the site

The area in question is an active industrial production site that carries out engineering
activities and is located in Northern Italy.

The site was divided into three portions for different distribution and characteristics of
the secondary sources and managed with different remediation approaches.

Unlike the other sites managed through reductive dehalogenation processes, the one in
question provided for treatment through AS/SVE for the following reasons:

e inthis portion there is no natural anaerobic degradation process of the
chlorinated organic compounds;

e the speed of the local water table is significantly higher than the other two source
areas (at least double) and would not allow an adequate residence time of the
injected substrate in the intervention area, effectively nullifying its effectiveness.

There are no specific protocols for the management of the site, but the control and
technical evaluation activities in support of the Municipality (proceeding administration
appointed by the Region for the management of contaminated sites) are carried out by
ARPA. ARPA Lombardia is an environmental protection agency established in 1999 that
deals with the prevention and protection of the environment, supporting regional and
local institutions in multiple activities: from the fight against atmospheric and acoustic
pollution to interventions for the protection of surface and groundwater, from
monitoring electromagnetic fields to investigations on soil contamination and
remediation processes.
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2.2 Geological setting

From the hydrogeological point of view, the site is characterized by a single
undifferentiated aquifer, which rests on a rocky substrate about 35 m from ground level,
as shown in the section below.

The hydraulic conductivity, in the portion of the site of interest is of the order of 3-4 * 107
m/s, resulting in a rather high water table speed, with flow direction from West to East.
The average subsidence of the aquifer is about -13 m from ground level.
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2.3 Contaminants of concern

Due to the production activities carried out, the groundwater was contaminated by
chlorinated solvents, mainly tetrachlorethylene (PCE), trichloroethylene (TCE), 1,2-
dichloropropane (DCP), cis 1,2-dichloroethene, 1,2-dichloroethane and vinyl chloride.
In detail, TCE, DCP and PCE are to be considered primary pollutants, as they were
actually used in the production processes of the plant during the 1960s and 1980s,
while the other compounds are the products of the partial natural degradation of the
previous ones.

The concentrations are very high, for some compounds in the order of mg/I. In
particular, at the time of the start of the treatment in question were recorded
maximum TCE values of 7.1 ug/Il, DCP of 4 ug/l, PCE of 4100 pg/l and summation of
organohalogen compounds of 4110 pg/l (thus demonstrating that most of the
contamination is due to PCE), compared to regulatory limits for groundwater,
respectively, of 1.5 pg/l, 0.15 pg/l, 1.1 pug/l and 10 pg/l for the summation.

The characteristic contaminants are essentially found in the saturated part of the
subsoil, while in the unsaturated zone they were not detected in significant
concentrations, thus excluding the presence of hot spot of contamination in the
unsaturated zone.

2.4 Regulatory framework

The procedure was conducted pursuant to Legislative Decree 152/2006.
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3. Pilot-scale application in field

3.1 Extraction system

The technique involved the combination of an air injection system at the bottom of the
saturated area, Air Sparging (AS), and a system for extracting the vapours produced (Soil
Vapour Extraction - SVE).

In detail, the first is aimed at stripping volatile contaminants present in groundwater,
favouring their passage into the vapour phase and therefore their migration into the
unsaturated portion of the soil, from which they are then removed thanks to the SVE
system in the atmosphere following appropriate treatment.

The pilot scale tests were carried out in the period between April 2008 and June 2009,
autonomously from the party without the adversary of ARPA.

3.2 Injection system

As in the saturated area, compressed air was injected.

3.3 Radius of influence

The range of influence was obtained from direct tests in the field, evaluating the
depression exerted in the control wells. Support model simulations were not used.

3.4 Off gas Treatment

The gas treatment system is similar to that which was then implemented in the full-scale
plant, described in detail in sheet 4.4.
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3.5 Control parameters

The monitoring of the pilot plant consisted in the quantification of chlorinated
compounds both in the air extracted from the SVE wells installed in the unsaturated
state, and in the groundwater taken from the wells in the saturated state.

At the end of the pilot plant, quantities greater than l.g. only for TCE and PCE (expressed
in mg/l) were found in waters, while the other chlorinated compounds possibly present
showed negligible concentrations.

From the data found in the extracted gases it emerged that:

e the extraction of vapour phase contaminants from the SVE wells from the
unsaturated soil was efficient and allowed the achievement of concentrations of
chlorinated compounds in the vapours of up to 1 g/m?;

e the quantity of extracted contaminants is significantly greater in the deepest
unsaturated wells among those used, that is, in those cracked near the capillary
fringe compared to that of the more superficial wells;

e - the contaminants present in the extracted vapours essentially come from the
stripping of groundwater and not from the presence of contaminants in the
unsaturated zone; in fact, in the absence of compressed air injection,
concentrations of contaminants were found to be considerably lower in the
interstitial vapours than those detected with the AS system on.
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4. Full-scale application

4.1 Extraction system

4 SVE wells were used and installed in the unsaturated domain, of which 1 was existing
and 3 were installed new, headed about 1 m above the surface of the aquifer
(indicatively therefore up to an altitude of 12 m) and cracked for 5 m.
Each SVE well was combined with a pair of AS wells, which were bored in the immediate
vicinity of the saturated domain.
The figure shows the plan of the AS/SVE system built on the site. In it are indicated:
e in blue the wells connected to the AS plant (the PAS1S-1D pair had been used in
the small-scale intervention);
e inred the wells connected to the SVE plant (SVEFT3S was used for the pilot plant);
* ingreen the piezometers that are planned to be used as water monitoring points.

PAS2D N
PAS2S \ ~
SVIEFT6. ﬁ RAS].D
PASBD F O
PAS3S \"72D) . “PAs1S

I s

SVEFT7’ \
SVEFT3S

PASAD—
PAS4S—
SVEFT8

# pozzi AS

4 pori SVE

In detail, the SVE system consisted of the following components:
e 1 centrifugal aspirator with 2.5 - 3 kW power, with a flow rate of 150 Nm?>/h at a
depression of 120 mbar;
e 4 steam extraction pipes from as many SVE wells;
e 4 wellhead connections, designed for the measurement of air flows, depression
and the taking of steam samples;
e 4 butterfly valves to control the flow rates of each suction well;
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e 4 vacuum gauges;
e 4 valves for fine adjustment of the extracted flow rates;
e 1 manifold for collecting the suction pipes arriving from the wells;
e 1 dust collector filter for atmospheric air;
e 1 condensate separator, with relative booster pump;
e 1 activated carbon filter for condensate treatment;
e 2 activated carbon filters for air, connected in series and intended for the
treatment of vapours;
e connection pipes, valves, various fittings, measurement and regulation sections,
pneumatic quick couplings;
e command and control instrumentation (electrical panel in common with the AS
system) which allowed manual or automatic operation;
e 1 container housing the entire system (shared with the AS system).
The system has been designed to guarantee a flow rate of continuously extracted
vapours equal to at least double the flow rate of the air blown into the groundwater,
and therefore overall capable of sucking at least 120 Nm®/h.
In the event of operating anomalies, a GSM telephone dialer was arranged who could
send the error reports to specialized personnel able to restore the functionality of the
system.
All quick-connect points have been prepared for taking steam samples and for inserting
the following portable field instruments online:
e digital or analogical vacuum gauges for measuring depression;
e PID probes for indirect detection of VOC concentration;
e anemometers for measuring the extracted airflow.

The full-scale plant was started up in March 2013.
Here are some pictures of the AS/SVE system.
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4.2 Injection system

4 pairs of groundwater insufflations wells (AS) were built, of which, n. 1 was existing and
n. 3 were newly installed, each capable of guaranteeing the injection for 5-10 minutes of
approximately 30 Nm?®/h of air at an injection pressure of at least 3 bar.
Approximately, for each side-by-side, a well has a depth of 25 m from b.g.l. and the
other 30-35 m from ground floor; given the nature of the compounds, with a density
greater than that of water, the cracked section is located on the bottom and has a
length of about 50 cm.
The AS system consisted of the following components:
e 1 rotary compressor (able to guarantee air flows of at least 70-100 Nm®/h at a
pressure of 4 bar, imposing a maximum pressure of 10 bar);
e 1 storage tank for compressed air (volume 270 1), equipped with a 0-16 bar
pressure gauge and safety valve for venting overpressures;
e 1 airtight compressed air delivery pipe to the distribution system, equipped with a
pressure regulator (0-10 bar);
e 8independent insufflations pipes;
e 8 wellhead connections;
e 8 analogical flow meters and 8 pressure gauges;
¢ 8timed solenoid valves for air distribution in AS wells;
e 8 manual ball valves for regulating the airflow on the individual wells;
e connection pipes, valves and various fittings, measurement sections by means of
float flow meters and flow regulation;
e command and control instrumentation (electrical panel in common with the SVE
system);
e 1 container housing the plant (shared with the SVE system).

Downstream of the storage tank, the compressed air passed through a de-oiler filter
equipped with a timed vent valve, which allowed the elimination of any oily condensate
formed in the machine, preventing it from entering the groundwater.

In order to ensure the efficiency of the insufflations process, the system was set to
automatically blow about 30 Nm®/h of air into a pair of wells for a duration of 5-10
minutes, while the other three pairs remained inactive.
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4.3 Radius of influence

The range of influence was defined based on the evaluation of the pilot test.

4.4 Off gas Treatment

Before the final discharge into the atmosphere, the extracted vapours were subjected to
purification treatment with the following characteristics:

e number of filters 2;

e total filter volume 800 I;

e quantity of GAC (granular activated carbon) 360 kg total;

e filter section 800 mm

e filtration speed 0.11 m/s

e total contact time 14.4s.
These characteristics, established on the basis of what was verified with the pilot scale
test, ensured compliance with the limits set by Legislative Decree 152/06 for each of the
site-specific gaseous compounds.
The protocol provided for the replacement of spent activated carbon and its subsequent
dispatch for disposal/regeneration in authorized external plants to be carried out before
the reduction in the efficiency of the vapour treatment system would not allow
compliance with the emission thresholds.
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4.5 Control parameters

The monitoring plan included:

e monitoring of the vapours extracted from the SVE wells and entering/leaving the
vapour treatment plant;

e periodic inspection, maintenance, and adjustment of the AS/SVE system;

e the collection and analysis of water samples, measurement of chemical-physical
parameters of the water (dissolved oxygen, redox potential, pH, temperature) in 9
piezometers, available in the intervention area as well as 1 new downstream
(G16) made at approximately 110 m away from the treatment area, aimed at
evaluating the influence of the AS treatment on the measured solvent
concentrations with respect to a blank campaign at the initial time

In fact, immediately after the start-up of the SVE plants (in March 2013) and before the
start-up of the AS system, a sample of vapours was taken from each of the suction wells,
analyzed for chlorinated solvents, which constituted the "blank" as not yet influenced by
the simultaneous start of the insufflations of air in the saturated portion of the local
subsoil. After that, the AS system was also started.

The location of the monitoring points of the 9 monitoring piezometers is visible in the
following figure.

The monitoring during the execution of the intervention took place on a quarterly basis.
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5. Enhancements to SVE

5.1 Pneumatic and/or hydraulic fracturing

Discontinuous operating periods of the plant have been implemented, as described in §
6.1, in order to intervene on rebound phenomena and periodically evaluate the plant's
cost/benefit effectiveness.

182




é

WATER AND LAND

6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

From the evaluation of the monitoring data, it was found that the wells from which the
greatest extraction of contaminants takes place are SVEFT7 and alternatively SVEFTS8.
From the start of the intervention in July 2017, considering the total flow rate detected
on the delivery section of the blower and the concentrations detected, it was possible to
estimate the mass of contaminants extracted during the execution of the AS/SVE
intervention equal to approximately 645 kg of organochlorinated solvents, consisting
mostly of PCE.

On the occasion of the monitoring in July 2017 it emerged that:

e inthe water taken from the piezometers of the deep portion of the aquifer, a
clear reduction in the concentrations of contaminants present, up to over 90% of
the initial values, and in particular of PCE and TCE, emerged,;

e even in the waters taken from the piezometers of the surface portion of the
aquifer, a decrease in concentrations was found even up to over 90% of the initial
values;

e inthe waters of the G16 piezometer, located downstream from the intervention
area, fluctuating concentrations were recorded after treatment but with a
decreasing trend, however with still considerable residual values. This was
probably due to the considerable distance from the intervention area and the
presence of a peaty horizon at a depth of about 6 m which could have limited the
impregnation of the contaminants thus allowing their release over time. It was
considered that it would have been necessary to wait a very long time before
having an effect similar to that obtained in the intervention area. Following the
concentrations detected in this piezometer, hydraulic containment was active
downstream to it;

e overall, the concentration of contaminants in the extracted vapour stream
decreased significantly over time, but detectable concentrations were still present
in the extracted stream.

In general, from the examination of the results of the analyzes performed and the
graphs that show its trend, the decrease in the concentrations of the summation of
chlorinated solvents with respect to t0 emerged over time and the asymptote conditions
seemed to be reached in the intervention area.

In May 2018 and up to December 2018, the AS/SVE systems were therefore shut down,
and new monitoring was carried out starting from the end of the following month. There
was thus an increase in concentrations in the groundwater of the intervention area, in
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particular in the more superficial PZ1S and Pz2S piezometers.

It was therefore considered useful to restart the plant again for a further period of six
months in order to allow further massive extraction of the contaminants present, until
July 2019. The monitoring carried out following the reactivation of the plant certifies the
removal of a mass of contaminants equal to 16 kg over a period of approximately 7
months.

The analytical results of the PZ1S and PZ2S piezometers show, in the period following
the reactivation of the system, still significant concentrations of chlorinates in the PZ1S
and PZ2S piezometers.

The AS/SVE intervention was deactivated in July 2019 and a new monitoring took place
6 months after the shutdown.

Overall, the removal of approximately 660 kg of PCE has been estimated during the
operating period (2013-2020), with a decreasing trend over time.

In 2020, the authorities accepted the request to shut down the system because from the
cost-benefit ratio of the treatment it emerged that it was no longer the best
intervention technique at sustainable costs. This decision was reinforced by the fact that
there is a hydraulic barrier at the border, and therefore an operational safety device
(MISO).

The monitoring of groundwater after the works, downstream of the closure of the
intervention, was prescribed on a quarterly basis until the remediation of the control
piezometers provided for the area is completed, and then for another 2 years every six
months.
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7. Additional information

7.1 Lesson learnt

The remediation intervention allowed the removal of part of the contaminants, but did
not prove decisive, as can be seen from the analysis of the analytical data on
groundwater. It can be hypothesized that the specific geological and hydrogeological
characteristics of the site have reduced the effectiveness of the scheme, in particular for
the fine lithology of the area (peat, silt and clayey sand) and for the scarce subsidence
that with seasonal fluctuations, prevented as a matter of fact the volatilization of the
contaminants in the interstitial spaces of the unsaturated portion and the subsequent
removal.

It could have been appropriate to undertake an evaluation of the behaviour of the plant,
both for the purposes of designing it and predicting its behaviour, also to optimize its
management, by means of a two-phase numerical modelling simulation, which
considered the behaviour of air and water in the aquifer, evaluating the phase passage
of pollutants over time and as a function of air injection/gas extraction, such as
Petrasim.
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7.2 Additional information

The Final Reclamation Project was based on a double criterion to establish the
achievement of the reclamation:

a) limits in the treatment area that ensure compliance with the legal values (CSC) on the
legal boundary of the site derived from the application of groundwater transport models
used for the Risk Analysis. In detail, the reclamation limit concentrations were calculated
using the Ogata Banks model, both for the deep aquifer and for the superficial aquifer,
applying the appropriate values of the hydrogeological parameters for each, obtained
through dedicated calibration.

The following table summarizes the concentrations (ug/l) admissible at the end of the
remediation operations.

TCE PCE DCP DCE DCA VC
2.57 | 17.85 | 1498 | 42.69 | 29.57 | 2.98

b) technical remediation limit, was considered reached when the decrease in the
concentrations of contaminants in the groundwater stabilized around an asymptotic
value of the reduction in the concentrations of chlorinated solvents below the limit
values calculated with the Ogata Banks model. In particular, following the identification
of the achievement of the asymptote (verified by evaluating the analytical results of 3
subsequent samplings), provisions had been made for the suspension of the
remediation activities and the subsequent execution of verification samplings on a
quarterly basis and then half-yearly.

186




é

WATER AND LAND

7.3 Training need

There is a need for specific training for more in-depth design assessments, such as the
use of two-phase numerical models to design and manage an AS/SVE system adequately
and in a site-specific manner.

7.4 Additional remarks

Here are some indications on costs:

1 Organizzazione, supervisione attivita / Report finale € 9.000,00
2 Realizzazione pozzi e piezometri € 52.000,00
3 Installazione impianti / Demobilizzazione impianti a fine intervento € 12.600,00
4 Gestione e monitoraggio intervento € 47.600,00

€ 121.200,00

Glossary of Terms

A glossary will help a you to maintain the level of precision necessary for key terms and maintain
consistency across the text. We found out that sometimes terms that sounds similar like “contaminated”
and “polluted” are used in the same way as synonyms in some country, while in other they have different
meanings (due to legislation or for other reasons). So fill in this glossary for your key elements and of

course for acronyms.

Term (alphabetical order) Definition

AS Air Sparging

GAC Granular activated carbon

l.g. Limit of quantification

MISO Operational safety device

PID Photoionization detector

PLC Programmable logic controller
SVE Soil Vapour Extraction

VOoC Volatile organic compound
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1. Contact details - CASE STUDY: SVE n.16

1.1 Name and Surname

Confalonieri Massimiliano

1.2 Country/Jurisdiction

Italy

1.3 Organisation

Agenzia Regionale per la Protezione dell’Ambiente
(ARPA) della Lombardia

1.4 Position

Dirigente RUO BARAE

1.5 Duties

1.6 Email address

m.confalonieri@arpalombardia.it

1.7 Phone number

+39 335 531 8045
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2. Site background

2.1 History of the site

The area in question coincides with a discontinued fuel point of sale (classified as an
unhealthy 2nd class industry pursuant to the Municipal Hygiene Regulations), located
along Via Lorenteggio in Milan in a city context with mixed tertiary, commercial and
residential use.

The site is identified by map 18 of Sheet 505 of the NCT of the Municipality of Milan.

The site does not fall within the perimeter of a SIN and is not affected by any protocols
stipulated with the PA.

The plant was located in an area owned by a third party, used with a lease agreement
and with the obligation to return it to the owner upon definitive cessation of the
activity.

Currently, after the characterization and implementation of the remediation work (not
yet completed), the site - after being returned to the property owner- looks like an
entirely asphalted area equipped with a public car park at ground level.

The commercial settlement in question, following the temporary cessation of the sale of
fuels requested by the managing oil company (with a note dated 03/24/2011) approved
by the Municipality of Milan (with note prot. 266874/2011 of the Ufficio Carburanti del
Settore Attuazione Mobilita e Trasporti), ceased all activities in 2011.

The site was therefore subject to cleaning and inerting the tank fleet, with interventions
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carried out in April 2011.

Subsequently, in application of municipal regulations, the site was the subject of a
preliminary environmental investigation campaign carried out in conjunction with ARPA.
The results of this preliminary environmental check have shown that the reference CSCs
have been exceeded and initiated the procedure pursuant to Title V, which saw the
presentation, approval and execution of the Characterization Plan as a first step.

190




2.2 Geological setting

The stratigraphy of the site reconstructed with the surveys delineates a soil of mainly
sandy matrix. In detail, the lithological sequence found can be summarized as follows:
e mixed material - Mixed material, essentially consisting of medium sand with the
presence of gravel and pebbles that extends from 0 m from ground level about 2
m from ground level;
¢ silty sand and sand with gravel - fluvioglacial alluvial deposit consisting of
alternating levels of silty sand and sand with gravel, extending from 2 m from
ground level to 16 m from ground level.

(@)

The environmental characterization survey carried out made it possible to identify a fre
aquifer with high permeability, contained within the alluvial deposit with gravels. The
measurements of the piezometric levels performed during the characterization phase
indicate an average groundwater depth of about 8.00 m from the p.c., i.e. a water table
level that is around 109 m a.s.l.

Over time, the phreatometric checks carried out during the groundwater monitoring
campaigns have highlighted the persistence of constant conditions in the direction of
flow and periodic variations in the subsidence in a range of about 2 m.

The level measurements, together with the data deriving from the altimetry survey,
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made it possible to reconstruct during the characterization phase the trend of the water
table, which shows a prevailing flow direction towards ESE and an average hydraulic

gradient of approximately 0.16 %.
The direction of flow of the water table was always confirmed by the phreatometric

data acquired during the monitoring carried out on the site.

The average transmissivity of the aquifer calculated on the basis of the Pilot Tests
described below equals to 0.1 m*/sec.
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2.3 Contaminants of concern

The preliminary environmental investigation phase (lA), carried out at the same time as
the removal of the tank park, concerned: walls and bottom of the excavation resulting
in the removal of existing tanks on site, bottom of the resulting excavation after the
removal of a small tank for the storage of used oils.

Analytical tests were carried out on the samples taken, aimed at determining the
concentration values of heavy and light hydrocarbons (C <12 and C 12 - 40), IPA, BTEXS,
Pb and MTBE.

The results of the analytical assessments were compared with the acceptability limits
(CSC) set by current legislation (in particular table 1, column A of annex 5 to title V of
part IV of Legislative Decree 152/06 and subsequent amendments and additions,
considering that the area in question will be returned to the property once the
decommissioning of the PV is completed) for the quality of the soil/subsoil matrix with
respect to possible contamination.

The results of the control analyzes carried out by ARPA showed the presence of
exceedances of the CSCs in particular for petroleum hydrocarbons (C> 12).

This evidence led to the continuation of the proceedings pursuant to Title V of Part IV
of Legislative Decree 152/06, the communication of which was made in advance by the
obliged party pursuant to art. 249 of the same Legislative Decree 152/06.

The site was therefore the subject of a Characterization Plan assessed and approved
during the dedicated Services Conference and subsequently authorized by the
Municipality of Milan with the PG 790255/2012 deed of 04/12/2012.

The results of the characterization showed that the reference CSCs were exceeded (col.
A of Tab. 1 of annex 5 to Title V of part IV of Legislative Decree 152/06) for parameters
C<12, C> 12, BTEXS (benzene, toluene, xylenes, ethylbenzene) in the unsaturated soil
matrix and for the parameters (Tab. 2 of Annex 5 to Title V of Part IV of Legislative
Decree 152/06) total hydrocarbons n-hexane, benzene, xylenes in addition to MtBE
and EtBE (with reference to the values indicated by ISS, used at the time, not being
regulated at that date) for the local groundwater matrix.

Pending the continuation of the procedure, an intervention by MISE was activated,
implemented through a system for the extraction of water from the local groundwater
(the discharged water was initially collected and disposed of as liquid waste, awaiting
authorization from the competent authority to discharge it into the public sewer
system ).

The obliged subject therefore presented (pursuant to Article 242 and following, as
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Ministerial Decree 32/2015 was not yet in force) a risk analysis report and related
remediation project to be implemented with the simultaneous intervention on the
groundwater matrix (by P&T) and on unsaturated soil/subsoil (by SVE and AS).

The risk analysis and remediation interventions were evaluated and approved in the
Services Conference and then authorized by the Municipality of Milan.

2.4 Regulatory framework

e “Linee Guida Serbatoi Interrati” ARPA - Lombardy, Milan - April 2004;

e Law 9 December 1998, n. 426;

e Legislative Decree 11 February 1998, n. 32;

e Legislative Decree 3 April 2006, n. 152 "Norme in materia ambientale";

e Legislative Decree 16 January 2008, n. 4 “Ulteriori disposizioni correttive ed
integrative del decreto legislativo 3 aprile 2006, n. 152 ";

e Law 28 January 2009, n. 2;

e Legislative Decree 3 December 2010, n. 205";

e Law 9 August 2013 n. 98;

e DM 31/2015

¢ D.G.R. Lombardy 10 February 2010 n. 8/11348;

e [SPRA (formerly APAT), October 2010 "Protocollo ISPRA-INAIL (ex-ISPESL) per la
valutazione del rischio associato all’inalazione di vapori e polveri, in ambienti
aperti e confinati nei siti di bonifica — Rev.0";

e [SPRA (formerly APAT), June 2009 "Appendice V — Applicazione dell’Analisi di
Rischio ai Punti Vendita Carburante ai Criteri metodologici per 'applicazione
dell’analisi assoluta di rischio ai siti contaminati" (Appendix V);

e |SS/ISPESL database (update 2018);

e ASTM E2081-00 (2004), “Standard Guide for Risk-Based Corrective Action”,
ASTM International

e APAT, June 2008 "Documento di riferimento per la determinazione e la
validazione dei parametri sito-specifici utilizzati nell’applicazione dell’analisi di
rischio ai sensi del D.Lgs. 152/06";

e APAT, March 2008 "Criteri metodologici per I'applicazione dell’analisi assoluta di
rischio ai siti contaminati rev. 2".
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3. Pilot-scale application in field

3.1 Extraction system

The remediation approach involved the application of a Pump and treat (P&T)
intervention on groundwater (with subsequent reintroduction in the hydrogeological
upstream groundwater) and a joint intervention of air sparging (AS) and soil vapour
extraction (SVE) on unsaturated soil.

In order to assess the applicability) of the AS (Air Sparging) technologies for the aquifer
and SVE (Soil Vapour Extraction) for the unsaturated soil to the site under examination,
pilot tests of AS and SVE were performed.

These results showed that neither the introduction of air into the groundwater nor the
extraction of air from the subsoil have significant effects on groundwater levels at the
design flow rates of the plant.

On the scale of the pilot test, n. 4 points for the execution of the Soil Vapour Extraction
test were prepared by core destruction perforation and pushed to a depth of 6 m from
the local p.c., then equipped with 2” PVC piping.
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In order to assess the applicability of the SVE technology to the site in question and
determine the range of action induced in the ground by the suction of air, a step test
was conducted by placing a point in suction and using other wells as monitoring points.
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3.2 Injection system

In the pilot scale application, specially drilled wells were used (boreholes pushed up to 6
m from the local p.c., equipped with a 2" PVC pipe) and the carrier gas used was
atmospheric air (the same then used at the real scale).

196




é

WATER AND LAND

3.3 Radius of influence

In the pilot scale application, a step test was carried out, placing the SVO1 point in
suction with increasing flow rate steps and using points SV02, SV03 and SV04 as
monitoring points.

The extraction and blowing system used a dry vane compressor. For the treatment of
interstitial vapours extracted from the subsoil, activated carbon cartridges for air were
used.

Scala 1:250
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The extraction of unsaturated air at point SVO1 induced, at the maximum flow rate used
(80 m?/h), a depression of the order of 15 mbar at the suction point and a maximum of
0.3 mbar in the SV02 located 4 m from the extraction point.

As the extraction rate varied, there was a sharp increase in the amount of Volatile
Organic Compounds (VOCs) extracted from point SV01, with maximum values of the

order of 300 ppm.

Considering, in accordance with the industry guidelines, the value of 0.25 mbar as the
minimum significant depression to have an influence on the suction side, it is possible to
establish a range of action of the SVE, at the maximum tested flow rate, between 2 and
3m.

In order to verify the applicability of the AS technology to the site under examination,
determine its range of action and verify the combined effect AS + SVE, a step test was
carried out to blow air inside point ASO1, using points SV02, SV03, SV04, AS02, PZ04 and
PZ01 to monitor the test parameters. In the combined test point SV01 was placed under
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suction, with a constant flow rate and set by determining the flow rate steps of the air
introduced in point ASO1.

A second test carried out on AS and SVE kept the flow of air extracted from point SV03
constant, while in connection with point ASO1, flow rate steps of injected air were set.

At the end of the SVE tests, exploiting the oxygenation of the soil induced by the recall
of air, a BV test was performed by monitoring the indicator parameters of any possible
bacterial activity capable of decomposing the hydrocarbon components.

The parameters used for the dimensioning of the SVE system were chosen according to
the results of the pilot test, which can be summarized as follows:

e Calculated radius of influence, ROI: 2.7 m from the vapour extraction point;

e Depression applied to each point SVE, PEa: from -10 to -20 mbar;

e Extraction rate for each SVE point, QEa: about 70 Nm>/h.

From the results of the pilot tests and from the definition of the Conceptual Model of
the site, the parameters for calculating the duration of the remediation were defined:
e Extraction rate for each SVE point, QEa: about 70 Nm3/h;
e Airinlet pressure at each point AS: Qla: about 300 mbar Nm?/h;
e VOC concentration entering the remediation system, Ci: 430 mg/Nma;
e Estimated volume of the source of contamination, V: 800 m>;
e Concentration of contaminants in the source of contamination, Cc: 8802 mg/kg.

The overall duration of the reclamation of the subsoil was estimated in the project in the
order of 3 years.

3.4 Off gas Treatment

For the pilot plant, a capture system was used consisting of activated carbon cartridges,
which were then disposed of (code EER 19.13.02).
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3.5 Control parameters

The pilot scale monitoring and sampling plan evaluated the concentration variations of
VOCs (volatile organic compounds) using a portable PID photo ionizer and estimated the
triggering of bacterial activity in the soil by evaluating the variations of O, and CHj,.
To assess full-scale applicability, the following were measured, as the operating flow
rates vary:

e extraction flow, depression and VOC concentration on the air extraction line.

e depression and VOC concentration on monitoring points
In the AS and combined AS and SVE test the following were monitored:

e inlet flow rate and pressure on the air inlet line

e extraction flow, depression and VOC concentration on the air extraction line.

e VOC concentration, temperature, dissolved oxygen and groundwater level at the

monitoring points during the first test
e depression and VOC concentration on the monitoring points during the second

test
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4. Full-scale application

4.1 Extraction system

The number, spatial location, and construction characteristics of the vapour extraction
points were defined in consideration of the ROI determined through the pilot tests, the
areal and vertical distribution of the contamination, without neglecting the litho-
stratigraphic structure of the site.
The parameters used for the dimensioning of the SVE system were chosen according to
the results obtained from the pilot test; in particular, the following project parameters
were assumed:

e Calculated radius of influence, ROI: 2.7 m from the vapour extraction point;

e Depression applied to each SVE point, PEa: from -10 to -20mbar;

e Extraction rate for each SVE point, QEa: about 70 Nm?>/h.

LMITE PropaiErss
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The vapour extraction system consists of 10 points, all made by means of core
destruction drilling, with the housing in the sounding hole of a non-toxic PVC pipe with a
diameter of 2", installed at a maximum depth of 9 m from the ground level (in particular,
some SVE wells were built up to 9 m deep and with a filter section between 7and 9 m
from the local ground level; some SVE wells pushed up to 7 m deep and with a filter
section between 5 and 7 m from the local ground level; some SVE wells pushed up to 4 m
deep and with a filter section between 2 and 4 m from the local ground level).
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The steam extraction lines consist of 2 HDPE pipes (¢ between 1" and 3") collected
upstream of the condensate separator in a manifold; each line was equipped with a flow
meter, vacuum gauge, regulation valve and sampling valve for the aspirated flow. A
vacuum gauge and a dilution valve was installed at the manifold.

The flow extracted from the subsoil is divided into the two aeriform and liquid phases by
means of two air/water separators (“condensate traps”) with a capacity of 200 liters.

The condensation water accumulated inside the separators, if necessary, can be sucked
up and disposed of in accordance with the provisions of current legislation on waste
(Legislative Decree 152/06 and subsequent amendments).
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4.2 Injection system

In the full-scale application, atmospheric air was used as a carrier gas and the system
was built with the installation of n. 10 SVE wells.

The ventilation system has provided for the installation of 2 side channel blowers
(regenerative blower), by means of which to induce a depression in correspondence
with the vapour extraction wells created/positioned in order to treat specific portions of
unsaturated subsoil, favouring the desorption of the contaminants from the solid phase
to the gas phase.

The criterion underlying the design choice to use two blowers was based on the
opportunity to alternate the steam extraction points on two separate lines, allowing
some flexibility in managing the system and letting it operate during partial
maintenance.

In particular:

e BLOWER 1 - afferent to 8 steam extraction points, capable of reaching a
depression between -200/-250 mbar, for a total flow rate of approximately 560
Nm?>/h, in order to guarantee an equal air flow for each extraction point at about
70 Nm®/h;

e BLOWER 2 - afferent to 7 steam extraction points, able to reach a depression
between -200/-250 mbar, for a total flow rate of about 500 Nm?/h, so as to
guarantee an equal air flow for each extraction point at approximately 70 Nm>/h.

The blowers, each connected to a group of suction points, work individually alternately
according to on/off cycles controlled by a timer.

4.3 Radius of influence

The operating range of influence used in the project was assumed to be equal to the ROI
obtained from the pilot tests, i.e. 2.7 meters for each single ventilation point.
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4.4 Off gas Treatment

The vapours extracted from the subsoil have been collected and conveyed to
condensate traps, where the separation between the interstitial gas and any water
vapour present in the extracted air flow takes place; the condensate water is removed
from the separators by means of special booster pumps and sent to a water treatment
system before being discharged into the sewer system.

The interstitial vapour, once dehumidified, passes through an anti-particulate filter
before passing through the blower that generated the vacuum and only then is sent to
the air handling unit.

To reduce the pollutants present in the extracted interstitial gases, a pair of filters in
series with granular activated carbon was installed.

The treatment unit has also been provided with arrangements that allow the filters to
be arranged in parallel in the event that the inlet flow shows compatible VOC
concentrations.

The exhaustion time of the activated carbons used for the treatment of interstitial gases,
estimated on the basis of very conservative theoretical calculations, was set in the
project as approximately 87 days and was verified with the results of the analyzes
carried out on the outgoing air samples from the plant from the respective plants.

This check made it possible to program the replacement of the carbon pack of the filters
according to the actual site-specific conditions.
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4.5 Control parameters

To evaluate the effectiveness of the SVE intervention in the three dimensions, checks
were carried out during the start-up phase of the plants and subsequently with periodic
checks.
The reclamation plant and the state of the sites were periodically subject to visits aimed
at:
e verify the correct functioning of the systems;
e perform routine maintenance of the system;
e schedule any extraordinary maintenance interventions;
e monitor the operating parameters of the plant and possibly remodel the
adjustments;
e check the quality of the flows entering and leaving the water and air treatment
system.
Before starting the plant, or at Ty, a complete monitoring of the groundwater was
carried out, with detection of the static piezometric level and measurement of the
chemical/physical parameters with particular attention to dissolved oxygen values.

At the first start-up of the SVE/AS plant, the appropriate adjustments were made on the
operating parameters (extracted/injected flows, pressures/depressions, etc.) and the
simultaneous monitoring of the subsoil response (concentration of VOC - O, - CO, in the
interstitial vapours, induced elevations in the aquifer, dissolved oxygen levels in
groundwater, etc.) and the efficiency of the treatment systems.

During the setting up, the following measurements were therefore carried out every 2
days:
e relief of depressions in the vapour extraction points and on the manifold;
e survey of the VOC concentrations and the volumetric percentages of O, and CO,
in the vapour extraction points;
e survey of the concentrations of VOCs entering and leaving the air treatment
system;
e measurement of extracted flow and injection rates;
e pressure relief at the injection points;
e piezometric survey in correspondence with all wells/piezometers installed on-site;
e measurement of chemical-physical parameters with particular reference to
dissolved oxygen (OD).
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The set-up took about 10 days and ended with the testing of the air treatment system
by sampling and laboratory analysis of the vapours entering and leaving the system.

The above analytical results allowed to validate the use of the portable photo ionizer
(hereinafter PID) as a subsequent tool for controlling the quality of the effluent.

Check-ups were carried out on a monthly basis on the system in order to verify the
correct functioning of the system and monitor the operating parameters of the system
(extraction/injection flow rates, pressures/depressions, VOC - O, - CO, concentration in
the interstitial vapours, OD concentration in groundwater, piezometric levels, etc.)
making any new adjustments if necessary.

During operation, routine maintenance of the plant parts was performed (filter cleaning,
etc.) and, if necessary, extraordinary maintenance (replacement of activated carbon,
waste disposal, etc.).

On an annual basis, samples were taken from an absorber vial to be sent to the
laboratory to analyze the gaseous flow in and out of the air treatment system.
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6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

Following the injection of atmospheric air into the saturated subsoil and the ventilation
of the vadose portion, mobilization and removal of the volatile organic compounds
present and oxygenation of the subsoil were obtained.

The increased availability of oxygen favours the aerobic biodegradation processes of
hydrocarbons.

For this purpose, periodic respirometric test campaigns (every six months) were carried
out during operation, which consists of monitoring the oxygen and carbon dioxide
concentrations for a sufficiently long period of time (48 hours) after the shutdown of the
systems’ ventilation, in order to evaluate aerobic activity in the unsaturated subsoil.

In practice, once the system is turned off, the oxygen present in the interstitial gases will
tend to be consumed more rapidly the greater the aerobic biological activity present. On
the contrary, the concentrations of carbon dioxide will tend to increase more rapidly the
more intense the aerobic biodegradative activity is in place.

On the basis of the data collected, it is possible to estimate average biodegradation
rates of contaminants per soil mass in the unit of time.

A soil gas control network has not been envisaged on the site, whose proceedings began
before the issuance of the Ministerial Decree 31/2015 and the National Guidelines (LG
SNPA) on the soil gas matrix.
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7. Additional information

7.2 Additional information

The project goal of the site remediation was indicated as definitively achieved when the
concentrations of pollutant compounds adsorbed to the deep soil and dissolved in
groundwater reach the relative CSR values set out in the following tables:

Tabella 1.  Obiettivi di bonifica per suolo e sottosuolo

Sostanza indicatrice u.m. Obiettivi di bonifica
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Piombo | mg/kg 100
................................... Benzene . .....lo_.moke | . 029%

Etilbenzene mg/kg 0,94
e stirene ] mokg |05V
.................................... Toluene e matkg |08
..................................... Xilene e makg | 30247

Sommatoria organici aromatici (da 20 a 23) mg/kg 1™
o Jdrocarburi LeggeriC< 12 T mokg | e08®
...................... idrocarburi PesantiC> 12 | mg/kg | a7TE
............................ Piombo Tetraetile | makg | 0017

MTBE mg/kg 10%
"""""""""""""""""""" EeRE mgkg | 109 ]

(1) colonna A (siti ad uso verde pubblico, privato e residenziale) Tabella 1 dell'Allegato 5 Titolo V Parte Quarta del
D.Lgs. 152/06 (CSC per i terreni)

CSR approvate con Determina Dirigenziale Comune di Milano n. 596/152 del 24 novembre 2014
© parere ISS del 17/12/2002 n. 49759 1A.12
“ parere 1SS del 2001 n. 57058 1A/12

2)

Tabella 2. Obiettivi di bonifica per le acque sotterranee

Sostanza indicatrice u.m. Obiettivi di bonifica
Benzene no/l 10
"""""""""""""""""""" o-Xilene | wgn | w0
.......... IdrocarbU”TOtah(esmesmmmenesano} ugﬂ 350”1
"""""""""""""""""""""" MTBE | owen | a0®
"""""""""""""""""""""" eBE | wen | aw®

M €sC di cui alla Tabella 2 dell'Allegato 5 al Titolo V, Parte Quarta del D.Lgs. 152/06 come riportato nella

Determina Dirigenziale Comune di Milano n. 596/152 del 24 novembre 2014

© Parere 155 del 12/09/2006 N. 45848, come riportato nella Determina Dirigenziale Comune di Milano n. 596/152
del 24 navembre 2014
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Tabella 3. Ulteriori sostanze monitorate per le acque sotterranee

Sostanza indicatrice u.m. Obiettivi di bonifica
Piombo ng/l 10
"""""""""""""""""" Etlbenzene | owed | so®
"""""""""""""""""""" Strene | owen | s
.................................... To|uene ug/|15”
""""""""""""""" Piombo tetraetle |  wpgd | 01®

(1) CSC di cui alla Tabella 2 dell’Allegato 5 al Titolo V, Parte Quarta del D.Lgs. 152/06
(2) Parere 1S5 17/12/2002 n. 49759 |A.12

The project envisaged that the remediation testing would be required when, for three
subsequent monitoring, compliance with the remediation objectives for groundwater
determined by the Site-Specific Risk Analysis and Compliance (CSC) was found at the PoC
and at the same time the SVE plant had extracted zero VOC concentrations for a period
of at least 3 months.

Upon verification of the above conditions, 3 monthly on/off cycles of the groundwater
reclamation and sampling plants were carried out.

Following the positive outcome of the three monitoring sessions carried out in the
shutdown cycles, the shutdown of the plants and the subsequent testing of the deep soil
matrix was envisaged. It was proposed to carry out some probes with sampling of
unsaturated matrix for verification of compliance with the CSRs defined by the risk
analysis.

From the end of June 2018 to the end of July 2018, when the remediation systems were
shut down, the SVE plant extracted an average flow rate of interstitial gases from the
subsoil equal to about 12,000 m*/day.

In the same period, the AS plant, by means of a side-channel compressor, had blown
atmospheric air into the saturated subsoil with an operating pressure of about 0.3 bar
and an average flow rate of 240 m>/h.

From August to October 2018, the SVE and AS plants operated intermittently to allow
the implementation of the reclamation test plan.

The duration of the reclamation of the subsoil was estimated at about 3 years, with the
start-up of the plants on 27 July 2015. The operation of the reclamation plants ended in
July 2018.

In the subsequent period up to January 2019, the testing activities of the environmental
matrices of the subsoil were carried out. These showed compliance with the
remediation objectives for groundwater and unsaturated soils in the south-east sector
of the site, with the exception of the area central of the site where residual
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concentrations of heavy hydrocarbons C> 12 persisted.

The checks carried out on the groundwater matrix, on the other hand, showed
compliance with the CSCs of reference to the POC of the site (this situation was verified
over time through the monitoring of the groundwater).

The outcome of the testing on unsaturated soil, implemented as per the approved test
plan, therefore highlighted the persistence of values exceeding the established
remediation objectives.

The analyses carried out by the ARPA Laboratory, on the samples taken in contradiction,
show the failure to achieve the remediation objectives for the hydrocarbon parameter
C> 12 in a sample taken in the depth range between 5 and 6 m from the local p.c. (the
ARPA Laboratory quantifies a value of 458 mg/kg dry matter, compared to the
remediation target set at 117.7 mg/kg, as defined by the reference CSR).

Similarly, the Party's data shows the non-compliance with the remediation objectives for
the hydrocarbon parameter C> 12 only in two samples taken both in the same vertical
survey verified by ARPA, one between 3 and 4 m deep from the local p.c. (with 880
mg/kg, compared to the CSR of 117.7 mg/kg) and one between 5 and 6 m of depth from
the local p.c. (with 300 mg/kg, compared to the CSR of 117.7 mg/kg).

The checks were carried out after the period of operation of the reclamation plant in
unsaturated soil. The south-east sector of the former PV shows the achievement of
concentrations lower than the reclamation objectives, while in the center of the site,
residual concentrations were determined in Heavy hydrocarbons C> 12 exceeding the
CSR, distributed between the depths of 3 and 7.5 m from p.c..

The almost zero values of the VOCs measured in the interstitial gases extracted from the
unsaturated subsoil with the SVE plant and the weak biodegradative activity determined
with the respirometric test showed that the remediation systems, consisting of an SVE,
AS and P&T plant, have exhausted their effectiveness in cleaning up contamination.
Faced with this evidence, it was proposed to launch a soil gas monitoring campaign on
the site to measure the real flow of volatile substances present in the subsoil in order to
apply the measured data as part of a risk analysis review.

For the verification of the real flow coming from the subsoil it was initially proposed to
use some of the existing SVE wells for the soil gas monitoring network. In view of the
observations made by ARPA (which assessed the dimensions and depths of the filtering
sections of the proposed SVE wells as non-compliant with the specifications of the LG
SNPA), the installation of 3 soil gas probes of the "nesty probe" was therefore proposed.
The monitoring activities of the soil gas matrix, which will be carried out for an annual
duration with seasonal campaigns (quarterly sampling), will be used to obtain direct
data to be used for a review of the risk analysis.
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1. Contact details - CASE STUDY: SVE n.17

1.1 Name and Surname

Confalonieri Massimiliano, Panzeri Paola, Canepa
Paola

1.2 Country/Jurisdiction

Italy

1.3 Organisation

ARPA Lombardia

1.4 Position

Dirigente RUO BARAE

1.5 Duties

1.6 Email address

m.confalonieri@arpalombardia.it

1.7 Phone number

+39 335 531 8045
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2. Site background

2.1 History of the site

The site covered by this questionnaire is known as EX BRENNTAG DEPOSITO and is
located in an industrial area north-west of Milan, in the municipality of Bollate.

The area is not part of a Site of National Interest.

The company, active since the late 1950s, deals with the storage and distribution,
wholesale and retail, of chemical substances and is one of the Industries at Risk of Major
Accident subject to Legislative Decree no. 105/2015 called "Seveso Il Decree".

The deposit initially covered only a limited part of the current surface and consisted of
10 vertical 30 m® above ground tanks, located along the southern border, and 11 (plus 5
installed after a few years) buried tanks of 30 m® each. (some of which divided into two
compartments), arranged along the western border; all these tanks have now been
removed and demolished. From notes of the time, it seems that the products stored
were the following:

e Underground tanks: dichloroethane, MEK, Acetone, Ethyl alcohol, Methyl alcohol,
Isobutyl acetate, Ethyl acetate, IPA, Heptane, Octane, Toluene, Hexane,
Cyclohexane, Trieline, Tetrachloroethane, Sulphuric ether, Solvent naphtha from
petroleum, THF, MIBK

e Above Ground Tanks: Ethyl glycol, Butyl glycol, Ethylene Glycol, Propylene Glycol,
Propylene Glycol USP, Methyl glycol, Methyl glycol Acetate, Cyclohexanone and
Cyclohexanol

The deposit has undergone various modifications over the years; was expanded in 1968
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(10 tanks of 50 m? above ground), in 1974 (25 tanks of 50 m® underground) and in 1985
(7 tanks of 50 m* above ground, 6 horizontal tanks of 50 m® above ground (subsequently
demolished) and 1 tank of 100 m® horizontal above ground) when it has reached the
maximum storage capacity.

Over time, phthalates, n-paraffins, dichloropropane and various types of esters have
been added to the products mentioned. In the mid-1990s, however, chlorinated
products were eliminated, with the exception of dichloropropane, which was eliminated
at a later time.

It should be noted that in the mid-1990s some above ground tanks located along the
border of the site with the Guisa stream were removed and in 1998 the underground
tanks arranged along via San Gottardo, to the left of the entrance to the industrial area,
were removed.
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2.2 Geological setting

The area under study is located in the central sector of the Milanese mid-plain and is
characterized by a sub-flat morphology, with topographic altitudes degrading towards the
South, linked to fluvioglacial and fluvial deposition of the Quaternary age. The
morphological structure of the territory consists of extensive fluvioglacial plains. To the
south of the industrial site, the Guisa stream flows eastwards. The site insists on
Postglacial Unity (Upper Pleistocene - Holocene), consisting of fluvial deposits with no
alteration profile and poorly developed soil, less than one meter thick. From a lithological
point of view, the deposits are generally made up of slightly silty sands, with interspersed
gravels with a clastic support or a sandy matrix, generally loose.

In the area under examination, the hydrogeological units follow one another, from the
most superficial to the deepest, according to the following scheme:

Aquifer Group A: consisting of deposits in high-energy braided fluvial facies. Lithologically
it is mainly composed of coarse gravelly-sandy sediments with a medium-coarse sandy
matrix with subordinate sandy intervals from medium to very coarse, with high porosity
and permeability; locally there are decimetric levels of clay and silty clays and horizons
consisting of cemented and conglomerate gravels. The thickness varies from a minimum
of 26-30 m up to a maximum of 40-45 m and its lower limit is placed in correspondence
with the first truly continuous clayey levels;

Aquifer Group B: consisting of deposits in braided fluvial facies. Lithologically it is mainly
composed of coarse sediments represented by medium-coarse sands, pebbly sands and
gravels with a sandy matrix with high porosity and permeability; downwards the
granulometry of the sediments decreases and the cemented horizons (sandstones and
conglomerates) and the levels of fine clayey-silty sediments become more frequent. The
overall thickness is around 45 m on average with minimum values around 35 m and
maximum values of 55 m.

Aquifer Group C: consisting of deposits in continental/delta transitional facies.
Lithologically it consists of fine to medium sands and silty clays with peaty horizons
interspersed with gravel-sandy levels with greater permeability. The overall thickness is
unknown as the lower limit was not reached by the drilling of the deepest wells in the
area. In the permeable levels there are intermediate and deep aquifers, of the confined
type, whose vulnerability is mitigated by the presence of continuous clayey layers on the
roof, but connections and feeding by the highly vulnerable upper free aquifer cannot be
excluded.
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The aquifer groups A and B described above are the seat of the main free-type or locally
semi-confined aquifer, characterized by subsidence around 20-30 m from the ground
level, traditionally captured by the collection wells for drinking water purposes of old
construction and from private wells (information taken from the document "Componente
geologica, idrogeologica e sismica del Piano di Governo del Territorio" of the Municipality
of Bollate, drawn up in 2010 by the “Studio Idrogeotecnico”).

Specifically, in the area in question, it is possible to identify 2 distinct layers, separated
from each other by a clay lens placed at a depth of 20 m; the static level of the surface
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aquifer is around 8 m deep.

The image above shows the isopiezometric map drawn up in 2014 (the static levels were
measured on 28/02/2014) for the additions to the site characterization plan; we deduce
that the direction of the water table is NNE-SSW, with a gradient of about 1.6 %o.. The
figure shows the 7 piezometers that make up the monitoring network and which were
grounded in 1994.

The characteristics of the monitoring points are summarized below:

ID | Diameter - inches Depth-m | volumetric flow (19/03/2014) - |/s
S1 4” 20

S2 4" 15 0.5

S3 4" 20 0.2

S4 4” 18.5

S5 4” 18 0.4

S6A 2" 20

S6B 2" 38

The S2, S3 and S5 piezometers are equipped with submersible pumps for the continuous
pumping of water; these piezometers are part of the Pump and Treat (P&T) system which
has been active since 21/09/1994. The plant consists of:
e a 30 m?tank for the collection and homogenization of the water extracted from the
reclamation wells;
e astripping tower for water purification;
e two activated carbon filters, with 80 kg carbon load, positioned in series, for the
treatment of gases coming from the stripping tower;
e two activated carbon filters (4,000 kg + 1,000 kg approx.) for the treatment of
wastewater leaving the stripping tower;
e a sand filter (approx. 1,000 |) to protect the activated carbon filter for water
treatment.
The plant is also designed for the collection and purification of rainwater.
The treated water is discharged into the Guisa stream, which flows immediately
downstream of the area.
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2.3 Contaminants of concern

The site is characterized by contamination by chlorinated solvents, affecting both the
land and the groundwater. The following figure shows the location of the surveys
carried out (in red) for the characterization of the land and the location of the
piezometers making up the groundwater monitoring network underlying the site (in
blue). During the characterization activities, two additional piezometers, 2" each,
respectively about 20 m deep (identification code S7A) and 40 m (identification code
S7B) were installed with the aim of creating a monitoring point of the surface water
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table ( S7A, to be compared with S6A) and a monitoring point of the deeper aquifer
(S7B, to be compared with S6B). Each bore reached a depth of about 6 m from ground
level and for each of them 3 soil samples were taken, one of superficial soil (between 0
and 1 m from b.c.), one intermediate and one in the last meter of the survey.

The analysis on the soil samples taken showed a contamination in correspondence of
the C8 survey, both for the superficial and deep soil:
» surface soil (sample taken between 0.2 and 1 m from bw): Hydrocarbons C <12,
Benzene and Tetrachlorethylene
* deep soil (sample taken between 2.3 and 2.7 m from b.c.): Trichloromethane and
Trichlorethylene.

The maximum concentrations measured (taken from the Operational Remediation
Plan, presented in December 2015) are shown in the following table.

Contaminants Maximum concentrations (mg/kg)
Hydrocarbons C <12 2,120

Benzene 4.11
Tetrachlorethylene 50.7
Trichloromethane 10,536
Trichlorethylene 26,076

It has been estimated that the contamination affects an area of about 200 m?, located
at a depth of 5 m, for a volume of about 1000 m*.

As regards groundwater, both the most superficial and the deepest aquifers present
contamination by chlorinated solvents, but with significant differences in the
concentrations of PCE (main contaminant) which are lower in the deeper aquifer where
the concentration could also be linked, in part, to an upgradient contribution.

2.4 Regulatory framework

The reference limits considered are those contained in Legislative Decree 152/06, Tab.
1, Col. B (intended industrial use).
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3. Pilot-scale application in field

3.1 Extraction system

In the area reclamation project and related additions, the construction of an SVE (Sail
Vapor Extraction) treatment plant was proposed, in the area around survey C8,
characterized by the presence of soils contaminated mainly by chlorinated solvents. In
the Reclamation Project it was proposed to combine the SVE also with an AR (Air
Sparging) treatment for groundwater. It should be emphasized that on the site, as
reported above, an operational safety system is already in operation consisting of 3
points of extraction of the groundwater, which are then sent to a treatment plant. This
system will remain in operation also during the SVE/AS treatment.

Between 9 and 10 November 2016, the drillings were carried out for the preparation of
the test field for the pilot test, which was carried out between 14 and 16 November.
During the execution of the test the first SVE point made (later called SVEold) showed
problems and, consequently, on 2/12/2016 a second SVE point was made to replace it.
On 11/01/2017 the pilot test on the new point was repeated.

The technical-constructive characteristics of the survey points making up the test field
are summarized in the following table:

Point well Diameter Depth (m) | Screen (m)
SVE and SVE old 40X40 3” 4 1-4

SGS1 30X30 6 mm (rilsan) 1.5 1.2-1.5
SGS2 30X30 6 mm (rilsan) | 1.5 1.2-1.5
SGS3 30X30 6 mm (rilsan) | 1.5 1.2-1.5

The SVE point represents the aspiration point for the Soil Vapor Extraction (SVE) test and
the SGS points were used as soil gas monitoring during the SVE tests.

The following figure shows the location of the survey points of the test field. In the
image, the AS point is also indicated, which represents the air blowing point for the Air
Sparging test (AS) and the MAS points, used as groundwater monitoring during the AS
tests.
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The following table shows the stratigraphy of the SVE point.

D
epth (cm from ground Description
level)
0-30 Concrete slab
Filling consisting of slightly silty sands and
30-180 . :
gravels with some brick, brown color
180-300 Coarse sands and gravel with pebbles,
gray/black color
300-400 Coarse sands and gravels, ocher color

The pilot test on the new SVE point was carried out on 11/01/2017.

The pilot tests were carried out by installing, at the SVE point (see image below), an
aspiration system equipped with an activated carbon filter consisting of a rotary blower,
regulation valves and vacuum-tight pipes.
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The pilot test was performed by sucking air from the SVE point and monitoring, with
field instruments, the following parameters:
e VOC (volatile organic compounds) of interstitial gases with the use of a
Portable Photoionizer (PID);
e concentrations of oxygen, carbon dioxide, Lel (Lower Explosive Limit) of
interstitial gases with a portable IR instrument;
e depressions induced by the rotary blower with a digital pressure gauge
(thermo anemometer).
The parameters were measured at the monitoring points arranged around the suction
point at distances varying between about 2 m and 8 m from the central point; the
following table shows the name of the monitored points and the distance from the SVE
point:
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Monitoring point Distance from SVE (m)
SVEold 2.4
SGS1 1.9
SGS2 3.7
SGS3 8.4

The SGS points intercept the horizon between 1.2 and 1.5 m from ground level.
The SVEold point has filters between 1 and 4 m.

First of all, a rapid flow step test was performed, increasing the pump flow in order to
identify the flow rate to be used in the constant flow test. The constant flow test was
then carried out and lasted for 5 hours, in order to verify the trend of the parameters in
the subsoil, following the activation of an SVE system. The rotary pump was set at an
average flow rate of 47 mc/h.

The parameters measured at the extraction point and at the monitoring points are
summarized in the following tables.

SVE
Tempo Pid Lel 02 CO2 Depress \'} T Q
minuti ppm % % % mbar m/s °C mc/h
o 480.1 18 21.3 1.22 =286.0 774 1.4 47
10 2147.0 16 21.5 345 -258.0 6.57 0.8 47

30 2371.0 13 20.9 3.16 -249.0 6.23 4 43

60 4106.0 13 20.9 2.7 -236.0 6.77 4.1 50
20 4469.0 10 20.9 2.26 -232.0 7.46 4.6 53
120 5000.0 10 20.9 2.08 -229.0 8.27 5.2 57
180 5000.0 9 20.9 1.83 -225.0 9.03 5.9 64
240 5000.0 9 20.9 1.62 -222.0 9.53 6.9 67

300 5000.0 8 20.9 144 -220.0 9.6 7 72

SVE old SGS1
Tempo Pid Lel 02 CO2 Depress Tempo Pid Lel 02 CO2 Depress
minuti ppm % % % mbar minuti  ppm % % % mbar
0 1824.0 47 21.3 4.99 0.0 0 5443 0 21.3 4.99 -5.8
10 1867.0 40 21.5 4.99 0.0 10 2611 5 21.5 4.99 -6.5
30 2042.0 27 209 4.39 0.0 30 61.3 2 209 0.07 -7.0
60 2015.0 27 209 3.81 -0.9 60 266.0 0 20.9 0.07 -7.5
920 1140.0 2 20.9 0.04 -7.5 20 125.5 4 20:9 2.05 -8.5
120 285.9 2 20,9 0.07 =15.0 120 93.2 0 209 1.62 9.5
180 211.6 0 20.9 0.04 -20.0 180 88.5 0 209 1.65 =95
240 112.7 0 20.9 0.04 =22.0 240 73.2 0 209 1,11 -10.0
300 93.6 0 209 0.07 -24.0 300 738 0 209 1.25 -10.0
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SGS2 SGS3

Tempo Pid Lel 02 CO2 Depress Tempo Pid Lel 02 CO2 Depress

minuti ppm % % % mbar minuti ppm % % % mbar

o 1872.00 14 21.3 4.99 -6.6 o 4852.0 9 213 O 0.0

10 2492.0 20 21.5 11 -16.0 10 5000.0 5 21.5 0 0.0
30 2030.0 16 20.9 4.82 -22.0 30 3866.0 4 209 O 0.0
60 2550.0 14 20.9 4.53 -36.0 60 4670.0 5 20.9 0.04 0.0
920 2903.0 11 20.9 4.1 -38.0 20 5000.0 4 209 O 0.0
120 10 20.9 3.67 -39.0 120 5000.0 4 20.9 0 0.0
180 -41.0 180 5000.0 0 209 O 0.0
240 -43.0 240 50000 0 209 O 0.0
300 -45.0 300 5000.0 0 20.9 0 0.0

The missing data are due to the presence of condensation in the pipes that did not allow
the use of the instrumentation.
Data analysis:

e the Pid highlights the increase in values at the SVE point and the simultaneous
decrease in the monitoring points, in accordance with the recall of
contaminants at the suction point;

e the Lel decreases in all points;

e oxygen stabilizes at 20.9%;

e carbon dioxide shows a tendency to decrease over time;

e the depressions show a greater response to pumping in SGS2 than in SGS1,
closer to the SVE point, probably due to the conformation of the subsoil in the
area in question; in point SGS3 there are no effects induced by pumping.

During the test, due to local conditions, the extracted flow rate varied from 47 mc/h (set
at the beginning) to approximately 70 mc/h. With this capacity, considering what is
highlighted by the data, the effects of the vacuum induced by pumping can be observed
in the control points SVEold, SGS1 and SGS2 while the point SGS3 does not show
variations. The range of influence, therefore, is between 4 and 8 m.

3.3 Radius of influence

During the pilot test, performed by sucking air from the central point called SVE, the
induced depressions in the monitoring points, called SVEold, SGS1, SGS2 and SGS3, were
measured and arranged as illustrated in par. 3.1. The effects of the vacuum induced by
pumping are observable in the control points SVEold, SGS1 and SGS2 while the point
SGS3 shows no variation. The range of influence, therefore, is between 4 and 8 m.
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3.4 Off gas Treatment

In the SVE point, an extraction system with an activated carbon filter was installed.

3.5 Control parameters

During the pilot test, as reported above, the following parameters were monitored with
field instruments:
e VOC (volatile organic compounds) of interstitial gases with the use of a Portable
Photo ionizer (PID);
e concentrations of oxygen, carbon dioxide, LEL (Lower Explosive Limit) of
interstitial gases with a portable IR instrument;
e depressions induced by the rotary blower with a digital pressure gauge (thermo
anemometer).
The recorded data made it possible to identify the air permeability of the soil and the
range of influence of the suction system sized for a suction point.
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4. Full-scale application

4.1 Extraction system

PLANIMETRIA COLLOCAZIONE IMPIANTO SVE-AS - scala 1:250

PLANIMETRIA INTALLAZIONE IMPIANTO SVE-AS - scala 1:30
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The plant and its monitoring were started on 14/03/2019.
On the basis of the pilot test performed, it was assumed, as a precaution, a range of action
equal to 4 m for the SVE point; consequently it was decided to equip two points for the
extraction of vapours, namely the point called SVE and the point called SVEold. During the
work, specific calibration tests will be conducted in order to set the optimal configuration

for the system.

The SVE and SVEold extraction wells made have the following characteristics:

e drilling up to 4 m deep;

e installation of piezometer (diameter 3 ”), depth 4 m, fenestrated between -1 and —

4 m from the ground floor;

e cementation from p.c. at-1 m;
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e installation of calibrated siliceous gravel from -1 m to -4 m from p.c.
The wellhead of the vertical intake is connected to the manifold, mounted at the plant
box, which is connected to the separator and subsequently to the aspirator and filter (see
image below, which also indicates the Air Sparging system).

4.3 Radius of influence

Based on the monitoring of the lowering measured during the pilot test at the control
points (SVEold, SGS1, SGS2 and SGS3) the influence range is between 4 and 8 m;
consequently, as a precaution, a radius of influence equal to 4 m was considered.

4.4 Off gas Treatment

Activated carbon filter
Downstream of the suction system, two containers of activated carbon weighing about
50 kg each were placed in series.

4.5 Control parameters

In order to monitor the effectiveness of the SVE/AS system, periodic monitoring of the
system and sampling of interstitial gases has been prepared.

With regard to the monitoring of the plant, a fortnightly frequency of checks has been
established during the first 2 months of activity, monthly up to 6 months, and quarterly
up to 12 months of plant activity. During the checks, measurements of the main flow
parameters of the system are carried out with field instruments capable of determining
air flow (anemometer), temperature, VOC concentration (PID), differential pressure
between the fixed probes in the ground and the atmosphere (Magnehelic).

Samplings of soil gases by means of activated carbon vials were also provided. On
14/03/2019 "zero" sampling took place, coinciding with the start-up of the plant. A
further 4 samplings were scheduled during the 12 months of reclamation, foreseen by
the project.
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5. Enhancements to SVE

5.1 Pneumatic and/or hydraulic fracturing

As mentioned above, an AS (Air Sparging) plant was associated with the SVE for the
treatment of groundwater underlying the site. The plant consists of a piezometer, for
the injection of atmospheric air into the groundwater, with a depth of 9 m. Three
piezometers (called MAS1, MAS2 and MAS3) were also created at a distance of 3, 6 and
9 m from the first one for the introduction of air, as monitoring points. The latter were
carried out at the points provided for the monitoring of soil gases (SGS), within the same
drilling, in such a way as to optimize economies.

6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

The monitoring plan provided for a sampling of soil gases upon activation of the plant
and 4 samplings during the remediation.

For the sampling of soil gases, activated carbon vials are used for the determination of C
<12 hydrocarbons, with relative speciation, Benzene, Tetrachlorethylene,
Trichloromethane and Trichloroethylene.
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7. Additional information

7.2 Additional information

Initially, it was planned to carry out a test through soil sampling, after 12 months of
treatment, to verify the state of contamination and evaluate any further actions.

To date, the treatment of the land is still ongoing, since, following a failure of the plant
which occurred in 2020, it was decided to extend the treatment for a further year.

At the time of testing, soil samples must be taken from two cores carried out near point
C8, at depths of 0-1 m and 2-3 m. The analytical set must include:

Sample 0-1 m: C <12 hydrocarbons, with relative speciation, Benzene,
Tetrachlorethylene

Sample 2-3 m: Trichloromethane, Trichloroethylene.

Glossary of Terms

Term (alphabetical order) Definition
SIN Contaminated site of national priority list
PA public administration
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1. Contact details - CASE STUDY: SVE n.18

1.1 Name and Surname Massimiliano Confalonieri — Valter Meda

1.2 Country/lurisdiction ltaly

1.3 Organisation Agenzia Regionale per la Protezione dell’Ambiente
(ARPA) della Lombardia

1.4 Position Dirigente RUO BARAE — Tecnico UO BAE MI-MB

1.5 Duties

1.6 Email address m.confalonieri@arpalombardia.it
v.meda@arpalombardia.it

1.7 Phone number +39 335 531 8045
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2. Site background

2.1 History of the site

The area in question is located in the territory of the Municipality of Villasanta (Monza
and Brianza province), north of the Milan urban area and is geographically located in the
high Lombard plain, immediately south of the pre-Alpine moraine hills.

The site was affected by the presence of an industrial plant built in 1971 and dedicated
to the production of air conditioning equipment. Industrial production has ceased but
the site retains its industrial use and the area is occupied by commercial and/or logistics
activities.

The main production cycles concerned:

e mechanical processing of metals;

e oven painting with organic solvent paints;

e electrophoresis painting.

Both painting processes, discontinued in 1994, were supported by a waste water
treatment plant. The main structures present were made up of:

e a purification plant (decommissioned in 1994) with two masonry tanks, a settler
and a sludge drying tank;

e athermal power plant, currently fuelled by methane;

e 5underground tanks located about 10 m from the south west corner of the
thermal power plant, n. 4 of which containing fuel oil and n. 1 containing
diathermic oil. All fuel oil tanks would have been removed in 1991 during the
construction of the underpass. The diathermic oil tank was removed and replaced
with a new double-walled tank positioned along the east side of the thermal
power plant. This latter tank also seems to have been removed in 1992 with the
construction of the thermal power plant;

e 2 electrical transformer cabins, one located in the thermal power plant and one
inside body C. The one in the thermal power plant has a single transformer and is
currently not in use, with a concrete containment tank in good condition. The one
inside body Cis in use. Transformers with PCB-containing oils were reclaimed and
replaced in 1989

The site was affected by a remediation procedure according to the regional regulations
in force at the time that began before the entry into force of the Ministerial Decree of
25 October 1999, n. 471. Later, the process has been developed according to the
ordinary operational and administrative procedures laid down by Legislative Decree 3
April 2006, n. 152.

Since the area is not included in the case of SIN or SIR in implementation of the regional
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delegations, the competent authority in charge of the administrative acts is the
municipal administration.

Lombardy — Monza Brianza Province Villasanta — site location

Base cartografica: Stralcio C.T.R. Regione Lombardia fogli BSc4, B5¢5, B5d4, B5dS scala 1:10.000 (mod)

Villasanta — site location (Technical Regional map 1:10:000)
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2.2 Geological setting
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Stratigraphic detail of the intervention area

The western border of the municipal area coincides with the path of the Lambro river.
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Geologically, the subsoil of Villasanta can be included within the Fundamental Level of
the Plain (LFP), traditionally characterized by deposits of late Pleistocene fluvial-glacial
origin, consisting of sands and gravels with pebbles that form the Lombard plain.

Near the banks of the Lambro, more recent sediments develop which can be associated
with the depositional activity of the watercourse itself. From a petrographic and
lithological point of view, the origin of the Lambro deposits is strictly attributable to the
portion of the pre-Alpine chain which, within the reference hydrographic basin, crops
out in correspondence with the Larian triangle between Como and Lecco. This can be
distinguished due to the outcrop of Mesozoic geological units of a predominantly
calcareous nature.

The presence of the Lambro river also affects the alluvial sediments, whose deposition
over time has given rise to real paleo-riverbeds with high transmissivity values.

In general, in the area under examination, the subsoil is characterized in the superficial
portion by the presence of mainly gravelly-sandy lithology horizons, with high
permeability and thickness values. Proceeding in depth, the progressive lithological
variations due to the prevalence of fine-textured lithologies (clays, silts and fine sands)
determine a reduction in permeability. Under these conditions, the aquifer horizons are
limited to isolated lenses of relatively permeable material and of modest thickness.

The hydrogeological structure traditionally described by authors on the basis of the
permeability characteristics has led to the identification of three main
hydrostratigraphic units having the following characteristics:

e first aquifer: consisting of prevailing gravels and sands, with subordinate fractions
of silts and gravelly-sandy horizons locally cemented. These sediments can be
traced back to the recent and ancient alluvial and fluvioglacial deposits from
Wirm (upper Pleistocene) which constitute the Fundamental Level of the Plain
(LFP). This unit contains the upper part of the traditional aquifer, characterized by
relatively high hydraulic conductivity values between 10 and 10* m/s. The
characteristics of the aquifer are those typical of a free, unconfined water table;

e second aquifer: consisting of gravels and silty sands and conglomeratic horizons.
These lithotypes are traditionally attributed to the ancient fluvioglacial deposits of
Mindel and Riss (lower Pleistocene) which on the surface give rise to the
characteristic “ferretto” terraces of the foothills and hills of Brianza. The
permeability of the aquifer which has hydraulic conductivity values of an order of
magnitude lower than those of the first aquifer and equal to about 10*-10 m/s.
This aquifer can contain a free aquifer or, in the presence of horizons that are not
very permeable to the roof, locally semi-confined, generally in connection with
the one above. Where the piezometric load differences between the two aquifers
are more significant, water exchanges between the aquifers may occur due to the
phenomenon of drainage;

235




é

WATER AND LAND

e third aquifer: characterized by predominantly fine-textured soils, such as silts and
clays with fine sand levels. These deposits are attributed in literature to the so-
called Villafranchian clays. Due to the clear prevalence of fine-grained lithotypes,
the hydraulic conductivity values in sandy lenses are approximately 10*-10° m/s.
The sandy lenses themselves are home to confined and protected aquifers.

e Inthe area of Monza and Villasanta the hydrogeological characteristics of the
subsoil are particularly different compared to the adjacent areas, in particular due
to the presence of a high structure (Monza ridge) which causes the Villafranchian
substrate to rise with a consequent reduction in the thickness of the aquifers. This
hydrogeological situation makes it possible, in the sector east of the Lambro river,
to interconnect the first and second aquifers with consequent possible mixing
between contaminated aquifers and good quality aquifers.

The superficial aquifer (groundwater) is contained in the sediments that form the
gravelly-sandy-silty unit and the conglomeratic unit (Ceppo auct.). As already
mentioned, the two units are only locally separated by semi-permeable deposits which
can give rise to differences in the piezometric level, although, in general, compared to
the adjacent western area, the traditional aquifer is substantially undifferentiated.

In the area under examination (Villasanta) the presence of a suspended aquifer
supported by a discontinuous silty-clayey lens and contained in deposits with a
prevalently gravelly-sandy texture was also ascertained.
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2.3 Contaminants of concern

The site is characterized by the presence of contamination:
Soil and subsoil

The characterization investigations on the entire site have shown overall compliance
with the CSCs envisaged for the specific intended commercial and industrial use.

On the basis of historical investigations and analyses carried out by means of soil gas
survey, the presence of tetrachlorethylene was ascertained in the entire horizon
thickness unsaturated underlying the building in which the main painting cycles and

degreasing of materials was carried out.

The figure below shows the values measured in the interstitial gases during the
characterization phase and before the application of the SVE technology.
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Contamination of the groundwater in the area is essentially and almost exclusively due
to tetrachlorethylene (PCE), with associated low concentrations of trichloroethylene
(TCE) and chloroform (TCM). The presence of this substance in concentrations up to
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400 times the CSC is well above the background value that is generally found in most of
the area north of Monza and which roughly corresponds to the values found "at the
entrance" to site, in the hydrogeologically upstream piezometer, between 6.5 and
48ug/l.

High concentrations were detected in 2002throughout the south-eastern portion of
the plant, in correspondence with some wells, with values up to 473 ug/l. The origin of
the contamination has been traced back to the washing and degreasing of pieces using
PCE, a solvent stored in underground tanks present in the building subject to the
renovation.

CodiceSIF denonint data PCE
11-mar-04 180
14-set-04 198
07-apr-05 61.14
0152390026 Well 3 53-mar-06 28.7
22-mag-07 286
25-lug-08 340
11-mar-04 28
14-set-04 168
07-apr-05 27.6
0152390043 Well 5 93-mar-06 22.2
22-mag-07 22
25-lug-08 7.5
11-mar-04 48
14-set-04 39
Pz1 07-apr-05 21.7
0152390054 (upgradient) 23-mar-06 8.6
22-mag-07 6.5
25-lug-08 6.7
11-mar-04 11
14-set-04 19.37
Pz 2 07-apr-05 3.99
0152390065 (downgradient) 23-mar-06 5.8
22-mag-07 4.2
25-lug-08 4.2
11-mar-04 4.6
0152390066 (upg':: ;ent) 14-set-04 3.2
07-apr-05 3.04
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2.4 Regulatory framework

The remediation process of the area had been started before the national legislation
on the remediation of contaminated sites came into force (Legislative Decree 22/97
and Ministerial Decree 417/99), applying the reference standards already existing in
the Lombardy Region before 1997.

During the verification of the interstitial gases carried out at the building called "
former Battery Department " or " former Building B ", located in the south-east portion
of the plant, the presence of PCE was detected in the interstitial gases and in excess
concentrations to the regulatory limits even in groundwater.

In light of this, the company has sent its notice pursuant to dell ' art. 242, paragraph 1
of Legislative Decree 152/06 to the competent local authorities in February 2011.
Following this communication, the Characterization Plan of the area on which the
former Building B stands was drawn up and sent to the Authorities, subsequently
approved in the Conference of Services in May 2011 by the competent Authority.

In July-August 2012 a new interstitial gas sampling campaign was carried out; with the
results obtained, relative to the PCE concentrations, it was possible to redefine the
spread of contamination in the subsoil, the starting point for the elaboration of the Risk
Analysis.

The site-specific Health and Environmental Risk Analysis document was favourably
assessed with prescriptions by the Authorities during the Service Conference in
October 2012.

Therefore, in 2012 an additional document with acceptance of Conference of Services
prescriptions that defines the CSR for soil gas and groundwater as remediation targets
was prepared.

Following approval of the remediation objectives, equal to 71 mg/m 3 of PCE in soil gas
for the unsaturated portion of land, a remediation project of the total subsoil was
drawn, which also included the portion of the aquifer assessed in the Conference of
Services in March 2013 with related observations and additions by the Authorities.
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3. Pilot-scale application in field

3.1 Extraction system

The technology applied for the remediation of the area consisted of the combination of an
extraction plant (SVE) for unsaturated soil, associated with an Air-Sparging (AS) plant for
the remediation of groundwater (saturated).

In consideration of the geological-stratigraphic structure of the soil, characterized by the
alternation of horizons with coarse and medium fine textures, the design of the SVE plant
was carried out on the basis of data already available on site, having been active in a
network of wells for interstitial gas measurement.

For the correct sizing of the AS system, a pilot module was instead prepared.

In relation to the local stratigraphic succession and in particular to the presence of clay
lenses in the area to be reclaimed, the overall system of SVE and AS was created with the
following characteristics:

e n. 18 suction wells of which:

o n.5"shorts" (PV1, PM2, PV6, VW14 and VW15) = with filtering section
between pc and the roof of the first clay lens, used for the remediation of
unsaturated soil, possibly still polluted.

o n.7 "intermediate" wells (VW1 - VW7) - with filtering section between the
first and second clay lens, necessary to concentrate the recall of polluting
vapours in this area, where the effect of AS will be greater and where the
vapours will concentrate;

o n.6 "long" wells (VW8 - VW13) - with filtering section between 6 and 14-15
m deep, or in any case one meter above the height of the phreatic surface,
will instead have the function of area limiting the diffusion of the AS effect
and treat the vapours deriving from the groundwater.

n. 6 insufflations wells (AS1 - AS6) located inside the former Battery Department, in
the area of maximum PCE concentration in interstitial gases. In the pilot scale
application, the construction of a well for insufflations of groundwater (AS/G14)
and n. 6 monitoring wells positioned around the AS;
* n.2 SVE systems, consisting of a condensate separator, a side channel aspirator and
an activated carbon filter, of which:
o plant 1 to which the "short" wells are connected;
o plant 2 to which the "intermediate" and "long" wells are connected,;
* n.1AS system consisting of a blower in correspondence with each AS well, capable
of blowing air at the established flow rates and pressures.
* n. 3 monitoring wells, necessary especially in the initial start-up phase, to check the
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influence rays of the venting wells.

The system was initially launched in the pilot phase and after two months, once the
functional and monitoring data of the system itself had been acquired, it came into

operation at full capacity.

The data collected during the monitoring made it possible to regulate flows and

depressions of the plants. The results obtained from monitoring with colorimetric vials, on
the other hand, gave a more precise indication of the presence of PCE in interstitial gases.
Over time, the outermost wells were closed, particularly in the westernmost area where
the PCE values were zero, in order to concentrate the area of influence of the SVE in the

most critical areas.
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3.2 Injection system

The AS plant was divided into n. 6 insufflations wells (AS1 - AS6) located in the area of
maximum PCE concentration in interstitial gases.

In the pilot scale application, a well for insufflation of groundwater (AS/G14) and n. 6
monitoring wells were constructed positioned around the AS.

The carrier gas used was air, injected through diffusers to maximize the flow and
increase the area exposed to the treatment. Thanks to the diffusion of high air flow,
distribution was homogeneous in the contaminated area and the stripping effect of the
volatile contaminants (PCE) from groundwater which are then extracted by SVE was
amplified.
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3.3 Radius of influence
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On the basis of the bibliographic data already present for the site and in particular those
derived from the implementation of the previous reclamation project, from the
stratigraphic observations carried out during the investigations and from the pilot test
carried out and described in the previous chapter, it was possible to hypothesize a range
of influence for each suction pit equal to 15 m.

The location of the suction points has been selected in such a way that the respective
rays of influence are sufficiently coalescing and there are no unaffected areas within the
area to be reclaimed.

3.4 Off gas Treatment

As a real pilot phase was not foreseen for the development of the SVE system (it should
be remembered that there was a monitoring system of interstitial gases built in
application of regional legislation on site for some time and before the planning of the
reclamation interventions), the gaseous effluent treatment system corresponds to that
envisaged by the operational reclamation interventions when fully operational.

In this regard, see the answer to question 4.4
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4. Full-scale application
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4.4 Off gas Treatment

Based on the characteristics and functions of the wells, these were connected to two
separate suction systems integrated with attached activated carbon filters.
The vapours deriving only from the "short" suction wells with an indicative flow rate of
250 m3/h were collected in plant 1.
The vapours deriving from the “intermediate” and “long” suction wells were collected in
plant 2 with a total suction flow rate of 650 m3/h (approximately 50 m3/h for each
suction well).
A condensate separator was provided prior to the connection to the activated carbon
filter.
The following are the characteristics of the activated carbon filter:

e Estimated gas flow: 650 m*/h;

e Filtering surface: 3.0 m%;

e Filter material volume: 7.0 m*/h;

e Contacttime: 38.77 s;

e Filtration speed: 0.06 m/s;

e Active carbon quantity: 4,000 kg;

e Filter layer height: 2,800 mm;

e Inlet/outlet pipe diameter: 100 DN
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4.5 Control parameters

Describe the monitoring plan designed to evaluate the effectiveness of SVE in the three
dimensions. List the control parameters considered.
The direct verification of the radius of influence of the venting wells was carried out
through 3 monitoring wells with a depth of 8 m from a pc, equipped with a 2 ”PVC pipe,
blind for the first 2 m and micro-slotted at -2 m at the bottom of the hole. The
perforation-pipe cavity was filled with selected silicon gravel in the micro-cracked
sections and with cement/benthonite grout in the blind top sections.
The monitoring operations include both on-site analyses, using portable
instrumentation, and laboratory gas chromatographic analyses, by taking air samples
from activated carbon vials, in order to calibrate the analyses performed on site.
The following parameters were determined on site, both refer to the entire system
(measurement point at the collector) and to the individual wells:

e Air speed (m/s) by means of hot wire anemometer;

e Air temperature (° C) by means of a thermo hygrometer;

e Air humidity (%) by means of a thermo hygrometer;

e Depressions realized in the suction wells (mbar) by means of a digital manometer;

e SOV concentrations present in the air stream (ppm) by PID;

e PCE concentrations (ppm) through the use of colorimetric vials of suitable Gastec

or similar scale, through sampling at the suction points.
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6. Post treatment and/or Long Term Monitoring

6.1 Post treatment and/or Long Term Monitoring

The system was launched on October 8, 2013; the start-up phase took place in the
following two months, during which the SVE and AS plants were activated by successive
steps. From 4 December 2013, the plants operated at full capacity until 2 October 2017.
During the entire period of operation of the reclamation plants, the functionality checks
of the plants themselves and the monitoring of interstitial gases were regularly carried
out in correspondence with the SVE wells.

The data collected during the monitoring made it possible to regulate flows and
depressions of the plants.

The results obtained from the monitoring with colorimetric vials, on the other hand,
gave a more precise indication of the presence of PCE in interstitial gases. Over time the
outermost wells were closed, particularly in the westernmost area, where the PCE
values were zero, in order to concentrate the area of influence of the SVE in the most
critical areas.

As described in the last Technical Report drawn up in August 2017 before the shutdown
of the plants, from the results of the monthly monitoring, it was found that:

* inalarge area of that subjected to remediation, including the west, north-central
and south-east corner, the PCE values in the measured soil gases reached
concentrations close to or equal to zero, starting from July 2014;

¢ the wells located in the two limited areas of the central-eastern (VW6, VW13,
VW14) and central-southern (VW10, VW11) zones also had values below the limit
of 10.47 ppm of PCE and close to zero.

e the only point where the PCE was found in concentrations in soil gases close to
the reclamation objective, was the VW12, located north-east of the former
Battery Department;

* in correspondence with this well, sampling was then carried out by means of ac
vials and laboratory analyzes. The analytical data confirmed compliance with the
limits set downstream of the risk analysis.

Given the trends in PCE concentrations in the monitored SVE wells, in October 2017 the
plants were shut down and the first phase of soil testing was started, by carrying out n. 2
on/off cycles of the systems to check for any rebound phenomena.

As indicated in the act of approval of the subsoil remediation project for the Carrier
plant in Villasanta, the remediation objectives for the unsaturated soil matrix can be
considered achieved when "... the results of the interstitial gas tests will attest to
concentrations lower than 71 mg/m? of PCE in all the monitoring wells for at least two
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campaigns carried out in different seasonal climatic conditions... "

The first test of unsaturated soil was carried out in 2018 with the two semi-annual
sampling campaigns in June and November.

Given the negative results obtained during the second sampling in November 2018, the
SVE plants were restarted until April 2019 for a total period of about 5 months and then
the absence of rebound phenomena was verified through ignition/shutdown cycles.

The second phase of testing of unsaturated soil was therefore launched, carried out with
the two six-monthly samplings respectively in July 2019 and January 2020. The results of
the activities carried out in the two testing campaigns certified compliance with the
authorized remediation objectives.
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7. Additional information

7.1 Lesson learnt

The interventions that affected the site were carried out by an American multinational
which, in line with its corporate policy, paid particular attention in terms of financial
resources in the choice of the best performing remediation technology for the type of
pollution (PCE) and for the particular site specific conditions (contamination of the
unsaturated and saturated, with the presence of more contaminated horizons).

The use of interstitial gas sampling techniques and identification of remediation
objectives with concentrations referring to the aeriform matrix present in the
unsaturated soil represents one of the first cases of application in Lombardy (the first
sampling had already been carried out before 2010, in the absence of guidelines and
regulatory guidelines).

It is therefore a reference case study for the development of the pore gas measurement
methodology that has been progressively implemented.

The SVE technology, associated with an AS plant and a Pump & Treat system, has been
found to be effective in reducing the level of contamination present in the soil and
groundwater.

At the administrative level, it is necessary to highlight the difficulties in defining the
remediation objectives, considering that the legislation and technical guidelines in force
at the time made the use of values in interstitial gases as a reference for site

certification with little applicability.

From a technical point of view, it should be noted that the first soil characterization
carried out with traditional techniques (sampling of soil by continuous core drilling and
laboratory analysis) did not show that the table limits were exceeded, underestimating
the actual state of contamination of the site.

The use of data from the measurement of interstitial gases in the second phase of
characterization, however, made it possible to ascertain an effective contamination of
the unsaturated soil, identifying at the same time the secondary source responsible for
the contamination in the groundwater.
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Glossary of Terms

Term (alphabetical order)

Definition

VoC Volatile organic compounds

SIN Contaminated site of National Priority List
SIR site of regional importance

CdS Conference of Services

Csc Contamination Threshold Concentrations
CSR Risk Threshold Concentrations

SVE Soil Vapor Extraction

AS Air Sparging

PCE Perchlorethylene (= Tetrachlorethylene)
TCE Trielin (= Trichlorethylene)

TCM Chloroform (= Trichloromethane)

P&T Pump and Treat
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