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WEW 1-5 Numarul sondei
LOCATIILE SONDELOR DE

EXTRACTIE A VAPORILOR

., 13-A
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A = Aria contaminata (m32)
ROl = Raza de influenta (m)

1.3 =factor de crestere pentru
zonele de influenta care se

ZONA CONTAMINATA

R = RAZA DE INFLUENTA suprapun
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Parametru Metoda de prelevare Metoda de andlizd

Permeabilitate in aer Testul pompei pneumatice Vezi Cho si DiGiulio (1992)

esanfioane de sol'in sifu sau - . -
(scara nedisturbate, cu diametrul de 50-75 Vezi paragraful 4-2d si Appendix D;

Permeabilitate in aer

de bazd) |mm, tipice pentru tipul de sol Corey (1986a)
Stratiarafie/het tat Forajul solului si/sau groapa  |Observatii vizuale; Breckenridge,
ratigrafie/heterogenitate de testare Williams and Keck(1991);USEPA(1991h)
Dimensiune granulard Lpaura despicald sau alld proba | AsTV D422-63 (1998)
Esantion de sol nedisturbat Calculata din densitatea aparenta

Jelleilelis cudiametrul de 50 - 75 mm | uscatd si densitatea particulelor

Esantion de sol nedisturbat
cu diametrul de 50 - 75 rmm

Densitate aparenta uscata ASTM D2850

Confinut de Carbon crganic Esantion de lingurd divizatg | SW-846 2060;

L . Inregistrarea netronilor prin Manometru neutronic (Gardner1986),
Grad de umiditate (saturatie)  |tublri de acces ASTM D3017. ASTM D52(20 )

Tensiometre
. : Cassel and Klute (1986)
Esantion de sol nedisturbat ASTM D2216-92

cu digmetrul de 50 - /6 mm
Retentia umiditatii in sol (curba  |Esantion de sol nedisturbart Kiute (1986), ASDM D2325-93
de saturatie a presiunii capilare) |cu diametrul de 50 - 75 mm

Retentia umiditatii in solul uscat  [Esantion de sol nedisturbat Metoda Psychrometer (Jones, Gee,
definitiv cu diametrul de 50 - 75 mm and Heller 1980)
Temperatura Solului Termometry, Termocuplu Sistern portabil de mdsurare
Adancimea pand la ape Sonde de monitorizare a
subterane respectiv variatile nivelului freatic, contor al ASDM D4750
de sezon nivelului de apd

P G sudrocarburivolatlel | ¢ loculu Downey & Hall(1994), ASDM D3416-78
0, continut in gazele din sol La fata locului sistern portalbil de rmasurare

metoda celulei electrochimice
Sistern portabil de masurare

CO, continut in gazele din sol La fata locului mefoda de adsoptie in infrarosu
Rata de respiratie microbiand | La fata locului Hinchee et. al. 1992
&QIPBEWE | v3§ E u 3} o}E $ arlitEe "] 0}E
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Grupe Contaminante Exemple de contaminanti Eficacitate
Organice COV-uri Halogenate Tracloretena, Tricloroetena a
COSV-uri Halogenate Para - diclorobenzen b
COV-uri Nonhalogenate Benzing a
COSV-uri Nonhalogenate Motorind a
PCB-uri Aroclor - 1242 c
Pesticide Clordan C
Dioxine/Furani 2,3,7,8-fraclorodibenzeno-p-diokng| ¢
Cianuri Organice c
Corozivi Organici c
Inorganice Explozibili 2,4,6 - Trinitrotoluen c
Metale volatile Mercur, plumb tetraetil c
Metale non volatile Nichel, Crom c
Azbest c
Marteriale radioactive c
Corozivi inorganici c
Cianuri inorganice Cianura de sodiu c
Reactanti Oxidanti c
Reductori b
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Intrare AER

sau

Uscdtor
@—[><}—> CAG Umidificator Aer
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Evacuare Pompd
Vacuum
Coloand
Sol Separator
Vapori/Lichid
(D) Debitmetru/Indicator
@ Esantion/Conector
(MP Manometru de presiune
[><1 Valva de control debit
CAG Pat de carbune activ granulat
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Avantaje Limite

Aerul de decapare are intotdeauna un bun acces la contaminanti in
1 [intreaga coloand. Debitul de asr catre diferite zone variaza foarte
mult pe teren.

Poate accelera procesul SVE pentru a permite evaluarea |

potentialului maxim de eliminare a contaminantilor

5 Oferd informatii de ordin de mdrime cu privire la coeficientul| 5

o e Procesele de difuzie sunt adesea modelate necorespunzator.
de partitie necesar pentru modelarea matematica

Din cauza diferentei de scara si a fluxului de cer fata de orientarea
miszului, frebuie obtinute rezultate mai reprezentative ale
permeabilitatii aerului pe parcursul masuratorilor de permeabilitate a
aerului pe teren.

Se pot obtine mdasurdtori de ordin de marime ale
3 | permeabilitatii la aer cu probe "nedisturbate”. 3

Este necesara formularea de Proceduri standard si

4 |Peate permite analiza unor esantioane foarte apropiate | 4 ket cadone
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Pid Lel 02 CO2 Depress \J T Q
minutes ppm % % % mbar m/s °C mc/h
0 480.1 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 -249.0 623 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 B.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 1.44 -220.0 9.6 7 72
&P 4@ Exemplu de tabel deu}v]8}E]lI E ~ }v( o}v] E] & oXU Al] v & -
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1. Qontact details - CASEE STUDY: SYEn.1

1.1Name and Surniae Aline Jordens, Mathieu Petitjean, Hatem Saadaol
Jan Haemers

1.2 Country/Jurisdiction Belgium

1.3 Organisation Haemers Technologies

1.4Position Innovation Engineer

1.5Duties R&D

1.6 Email address innovation@haemers-tech.com

1.7Phone number +32 2 786 39 43
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2. Ste background

2.1 History of the site

The site is located in the military airbase of Bién Hoa, Dong Nai, Vietham.
During the US-Vietnam War (1955-1975), millions of litres of herbicides were dropy
over Vietham: The Rainbow agents. Those Rainbow Agents were sprayed through
the Operation Ranch Hand to clear thick jungle, by defoliating crops and forest. Big
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 4
Orange, 45 000 barrels of Agent White and 16 Bfitels 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 m? of dioxin-contami
soil and sediment are present in the site [3]. This is almost 4 times the volume of th
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 Vietham (GVN), th
U.S. Government agreed to cooperate on dioxin remediation at Bien Hoa Airbase /
Haemers Technologies was invited to perform a pilot remediation in the process of|
technology selection for the full-scale project.

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

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

of National Defense.

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

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

There are mainly two types of soils that need to be remediated : low-humidity seklas
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 ofsliere
also found in some Agents. Indeed, dioxin 2,3,7,8-Tetrachlorodibenzo-m@gi7,8-
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
* U%O0 }opuveX dZ ~SE S ¢ U%O _ }opuv E ( E- |
The increase in secondary contaminants after treatment is most likely due to the
sample heterogeneity.
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Contaminated sample Treated sample Unit

Dry matter 94,9 89,7 % (dry matter mass)

2,37 8-Tétra COD 2800

NE/KE g

B30

1.2.3,7 8-PentaCDD 14 a4 g KE pa

12,3 7.859-Hexa COD 27 ng/kp
1y — 2 10 . b
1,2,3,6,7 B-HexaCDD 43 [T

1,Z2.3,4,7.8-Hexa CDD

123478 9-Hepta CI

18] 23 46 ME/KE fy

Oeta CDD 450 200 nE/ke o

5 ~ 5 a op
23,7 B-Tétra COF ra 28 18/kg
3. 785 0¥ L 3 18/ K
1.2.3,7,89 -Hexa CD 1 <10 g
F » 1]
3.4,6,7,8- Hexa COF £ g B/KE |

123.4,6.7.8-Hepta COF
Octa £ =10 <10 ned
FTEQ-PCDO/F-OTAN/CCMS {lower limit) 28204 685 na/ve oo
-TEQ-PCOD/F-OMS 1998 (lower limit) 2830 727 ng/Kg ow
FTEQ-PCDD/F-OMS 2005 (lower limit) 2830 716 Ng/KE oae
I-TEQ-PCDD/F-OTAN/CCMS (upper limit) 2820° GBS n/ke s
I-TEQ-PCDD/F-OMS 1998 (upper limit) 28307 727 n&/Kg o

TEQ-PCOD/F-OMS 2005 (upper limit) 2830° 727 NE/KE pw
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2.4 Regulatory framework

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

{ Industrial use: 1,200 ppt

{ Urban area: 300 ppt

{ Sediment: 150 ppt




(IMPELF

3. Alot-scale application in field

3.1 Extraction system

The treatment proposed by Haemers Technologies is a thermopile (ex-site therma
treatment). The thermopile is a small pilot-scale pile of 500 tons (11m x 14m at its

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 vapou
then extracted to be treated. In the pile are installed 15 heating tubes and 13 exchz
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 kg
constant depression sucking the gasses out. The typical depression generated is it
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 gene
when the contaminants and the water are vaporized due to the thermal energy trar

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 targe
treatment concentrations are met.

The main factor of influence is the interdistance between heating wells in the pile, |
they only affect theheating 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 rang
not the actual radius of influence of each well, as this radius varies in the course of
treatment. As temperature increases, soil is drying out, affecting the permeability tq
vapours. Therefore, the actual radius of influence of each pipe is likely much larger
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
all vapours despite the low negative pressure and avoid fugitive emissions.




(IMPELF:

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 usec
activated carbon, Haemers Technologies uses a Thermal Oxidizer in order not to leay

waste requiring further treatment.

14

)

ESTD Pilot

Vapor Treatement

Emergency
Activated
Carbon

10
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Before entering the Thermal Oxidizer, the vapours may circulate through an Arsenic 1
needed.

Thevapours E sZ v JE SoC ]Jv]v E S v }E & S} +sSE]
oxidation guarantees compliant air emissions. It has to be noted that condensation w
certainly happen along the network. To reduce liquid formation, the network is thermé
insulated. Nevertheless, the liquid formed can be reinjected in the Thermal Qxidxe
reach a destruction rate efficiency over 99,99%, the following criteria must be fulfilled
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 phag
a temperature range between 200°C and 500°C. Dioxins can be reformed in the pres
of oxygen, chlorine (CI2) and hydrocarbons [6]. Other parameters such as presence ¢
and/or presence of metals, can also promote the dioxins/furans formation. To avoid tl
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 t&tolees Modeling of Scalar Dissipation R
Transport in Turbulent Oblique Premixed Flames. Combustion Science anadlogghth8

[5] Jacob E. Temme, T. M. (2015). Measurements of Premixed Turbulent Combustion ReHjiigies of
Reynolds Number Flames. 53rd AIAA Aerospace Sciences Meetin (p. 21). Kissimmae AtlAidciTec
Forum.

[6] Buekens, A. (2001). Dioxins from thermal and metallurgical processes: stgdiats 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 aj
the treatment effectiveness. However, thermal desorption has already been
implemented at the Danang airport and has been proved to be effective against dig
contamination.

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

{ dZ S u% & SpE poistZin tHeotherdopiles

{ dZ u]ee]}ve § 00 Z]Juv Ce S} Pu &E vs & Ppo S}CE
{ dZ %o E *¢]}v ]Jv SZ %]o S} VvVepE %E}% E ASE
{dZ S u% E SuE ][OX&dzerdZ Eu o

{dz }ECP v }vsS vS |OxidzerdZ Eu o

{ dZ S u% & gagedat the quench tower output to avoid dioxin reformation

4. Full-scale gpplication

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

5. Ehhancementsto SV/E

5.2 Any other enhancement

The Thermal Oxidizer in combination with a heat exchanger can be used to improv
overall thermal efficiency of the thermal desorption process by recovering energy &
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 sc

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
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 Oxi
improves the Danag process, given that:

{ "}]o ] ]v S E ng to stand&ds

{ dZ AEZ pes P « (xid&ioharglEempliant (no reformation of dioxin)

{ E} «}o] V}@E o]<p] A <8 ]+ P v E 3§ UitvdiSpasal (HCE 4

7.3 Training need

Training needs are specific both the heating and extraction system, as well as to th
Health and Safety measures to be taken on site.
Additional communication is required given the nature of the contaminants in order
fully inform operators and local community about the safety of the process for their
health.

Gossary of Terms

Term alphabetical order) Definition
VTU Vapor Treatment Unit VTU Vapor Treatment Unit
ppt part-per-thousand

13



1. ontact details - CASE STUDY: SYEn.2

1.1Name and Surname

Jean Rhone, Mathieu Petitjean, Alain Duchene,
Hatem Saadaoui, Jan Haemers

1.2 Country/Jurisdiction

Belgium

1.3 Organisation

Haemers Technologies

1.4 Position

Innovation Engineer

1.5Duties

R&D

1.6 Email address

innovation@haemers-tech.com

1.7 Phone number

+32 2 786 39 43




2. Ste background

2.1 History of the site

The site is located in the North of France. It used to be a manufacturing site producin
different chemicals, acids and catalysers. Many soil and water investigations were ca
out from 1998 to 2015. They showed a presence of impacts of many pollutants in mu
spots of the 0.32 km2. The results of those analyses were not different from classic
industrial pollution and the main pollutants found were hydrocarbons, BTEX, PAH an
heavy metals. The site is located next to agricultural fields and the soil is mainly mad
l(]Jooe v o} uX Kv §Z v oCe e }v(]JEU SZ }v VS
''e3]}v_ ~E u ] 8]}V %0 ve A e E (38 Uo ]JvP 3} A (C
remediation target concentrations.

oo
P24 Pectail |
Bl SORTIE DE SECOURS

>
N
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2.2 Geological setting

The whole site covers about 34 hectares. It is located between a commercial area
agricultural area. Indeed, agricultural fields are present at North and East of the sitg
The main issue with high concentrated spots on a large area is the difficulty to trea
the spots onsite and therefore an Ex-Situ Thermal Desorption (ESTD) was selecte
with hydrocarbons concentrations higher than the remediation target were excavat
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 geotext
placed atadepthof @ uX dZ ]3 [* 8}% }PE %ZC A « «]Pv
of rainwater in the area. Slight slopes were designed and a rainwater collecting sy
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
piles. The treatment area was chosen to be able to run 2 piles simultaneously, with
third one in mobilization/demobilization.

He }( $Z odgnoedfabout Mercury (Hg) soil concentration, a classic ESTL
treatment was chosen with the addition of an ad-hoc Vapor Treatment Unit situated
the middle of the treatment area.

2.4 Regulatory framework

The site has been owned by different companies over the course of the last centy
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 are
The owner issued Golder Associates to be the prime contractor. The contractor cl
by Golder Associates was Seché EcoService, which partnered with Haemers
Technologies.

17



3. Rlot-scale application in field

No pilot-scale application was performed

4. Rull-scale gpplication

4.1 Extraction system

The treatment proposed by Haemers Technologies is a rotating thermopile (ex-situ
thermal treatment). Each pile consists of 2000ms3 of polluted soil.

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

18
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4.2 Injection system

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

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 targe
treatment concentrations are met.

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

In this case, the soil vapour extraction wells are approx 1.5m apart. This short rang
not the actual radius of influence of each well, as this radius varies in the course of
treatment. As temperature increases, soil is drying out, affecting the permeability tq
vapours. Therefore, the actual radius of influence of each pipe is likely much larger
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
all vapours despite the low negative pressure and avoid fugitive emissions.

19
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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 simultaneou

This way, a rotating schedule was implemented where two piles are in treatment w

the third is dismantled and the next one is built.

dZ sdh Jue 3} SE 3 5Z }v3 u]v v8[* A % }uE+* }u]vP

stay within national environmental release norms. The VTU is composed of various
ouvde <]Pv 8} Z] A 8Z SE 38u v3X D}e3 }( 8Z

Jv 8Z  }v3 u]v v8[* A %o}pu@Ee epu 3]}v v }v ve 3]}vX d

direct treatment through adsorption or thermal oxidation.

The following Figure presents the contaminated vapours flow from the Pile to the V

Vapours Demister Heat

Pile — -
— collector 1 Exchanger

Demister ,
- , - Blower

l

‘ Classic flow
Demister
Flow if too much 3
Hg or COV l
Atmosphere
release -

Thermal - GACH

$m| GACCOV | 4uem 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 (operatin
820°C), with a residence time of 2 seconds. If high concentration of Mercury is dets
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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each. Each collector has a low cant in order to collect the condensates. The colleci
connected to an underground tank. Vapour flexible are connected to the collector &
shown in the next picture.

dZ pv CEPE}puv S vl ] }vv
shown in the next picture.
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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 Secl
One demister is placed at the VTU entry in order to remove the droplets formed on
0 }oo S}EX placed afterahe heat exchanger to remove the droplets form
HE]JVP 8Z A %}uEe<[ }}o]vPX dZ (]Jv o u]*d & ]+ %o
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 cd
before the blower, water removal using condensation process. In a tubular exchan
vapours pass through copper thin pipes and gets cool down by water passing betw
the pipes. Each of the heat exchanger has a 98.5 m? exchange surface. Water is t
cooled down using a dry air cooler (540 kW). Glycol was added to the water to prey
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
vacuuming the air and the contaminated vapours. Each of the two blowers was des
to vacuum two piles simultaneously. Thus, each blower has a maximum flow capa
3,200m%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.

23
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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 amd one Hg analyser (VM-300
were added to the VTU. The aim was to analyse the vapours after the blower in or(
know the mercury concentration. If the concentration was over the norms, an
electrovalve redirected the vapour flow to the activated carbon. Another sampling
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 concentrg
of 13-16%. The following picture shows the mercury tanks.
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GAC CoVv

Vapours should be treated through the thermal oxidizer. However, in case of therm
oxidizer breakdown, an activated coal tank of 1Dwas added. In case of thermal
oxidizer breakdown, the flow was redirected to this new tank. The outlet was coruhe
§} 8Z 8Z CGu o }A&E] ]l E[+ ZJuv CX v &]A § } o A]
was chosen: apparent density of 0.475 kg/l and US Standard Mesh granulometry @
It was chosen to remove COV from the vapours. The following picture shows the tég
and its chimney connection.
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Thermal oxidizer
The thermal oxidizer is the key equipment for the vapour treatment. Indeed, the oth
equipment (expect for the GACs) were not chosen for the hydrocarbons removal b
mainly to remove the water from the vapours for a better thermal oxidation. Its aim
to remove the pollutants from the vapours and to release clean gases. A residency
of minimum 2 seconds was calculated in order to have an efficient pollutants therm
oxidation. The thermal oxidizer is 5 mnd has a 3 meters chimney. It is designed to
resist to a maximal temperature ofJ0 °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 t(
have the best pollutants removal efficiency were fixed from 780°C to 820°C. The n
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:
{ Vapor temperatures at all steps of the process
Pile depression to ensure proper aspiration of the vapours
Pressure points at all steps of the VTU
Mercury content after the blower
Gas emissions at the Thermal Oxidizer chimney (COV, GAZMBD5, PM10,
PCDD, HCI, HF,$0

{
{
{
{

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 mixe
water in the cooling sections.

{ IS v v (] ] o 8} % & (pGanalyji€than the vnes provided by th
end customer. In particular, the presence of acidic compounds is not relevant per g
the remediation but can damage the equipment.

27



é

WATER AND LAND

7.2 Additional information

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

Gossary of Terms

Term alphabetical order) Definition

VTU Vapor Treatment Unit
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1. Gontact details - CASE STUDY: SVEn.3

1.1 Name and Surname

Luca Sacilotto

1.2 Country/Jurisdiction

Italy

1.3 Organisation

Ramboll Italy S.r.1.

1.4 Position

Senior Managing Consultant

1.5 Duties

Project management of contaminated sites and
brownfield assessments for industries; developm¢
and implementation of complex remedial projects
addressing a wide variety of contaminants in seve
hydrogeological settings.

1.6 Email address

Isacilotto@ramboll.com

1.7 Phone number

+393341319233
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2. Ste background

2.1 History of the site

The site extends over a surface of aroundd@0m?, of which around 8®00 m’ is
paved or covered by buildings (buildings cover an area around 41,800 m

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

{ NonVolatile Metals: Iron, Manganese,

{ inorganic compounds: Nitrite, Sulptiea

{ BTEX: Toluene, Benzene;

{ chlorinated aliphatic compounds: Tetrachlorethylene, Trichloroethylene, V|
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 dur
subsequent intervention, but it cannot be excluded that additional buried wastes ar
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., w
investigated during the site characterization. The subsoil is formed by alluvial depo
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 contair
a conglomerates formation is present at 70 m b.qg.l.

Alluvial deposits: sand,

silt and gravel e
Portineria
: 1F uffici

5 Production facility ™ Stazione di
n‘ . = Servizio ~+ 250 ms.Im,
Mw18bis - A1: Terreno di Creek

Magazzina S fporto ewr| o ks

‘\ Livello statico 240m

falda sup.

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 &
m b.g.l. (on average 4 m b.g.l.), with flow direction mainly from the upgradidnt hil
(North, North-West) to South, South-Est, towards a Creek; however, groundwater f
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, gener:
a local depression of the groundwater table. Backfilling materials used in the past i
earth moving activities for underground installation of the intubated stream appear
be characterized by a low permeability, even if presence of more permeable alluvie
materials (sand and gravel) is documented along the pipe at depths between arour
and 11 m b.g.l. Average groundwater gradient was estimated equal to 3% and hyd
conductivity (k) ranges between 10-6 (North-West side) and 10-8 m/s (North-Est si
with an average value of 5x10-7 m/s.
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2.3 Contaminants of concern

Soil:
{ vinyl chloride: 0.42 + 0.45 mg/kg
{ 1,2-Dichloroethane: 7 + 672 mg/kg
{ Trichloroethylene: 20 +43 mg/kg
{ 1,2-Dichloropropane: 27 + 154 mg/kg

Groundwater:

Non-Volatile Metals:

{ Iron:3.1+41911 ...Plo

{ Manganese: 0.89 + 18,ii ...Plo
BTEX:

{ Toluene:0ifd @ T1ii ...Plo

{ Benzene:OifiT @ Ao ...Plo

Chlorinated aliphatic compounds:

Chloroform: 0iié6 @ 006 ...Plo

(ot Wt Wt Wt W Wt W

Tetrachlorethylene: Olfi @ 76 ...Plo
Trichloroethylene: 0.05 + 31ji ...Plo
Vinyl Chloride: Q.ii @ dii ...Plo

1,2-Dichloroethane: 0.018 + 4,800,i ...Plo
1,2-Dichloroethylene: 0.054 + 2Rji ...Plo
1,2-Dichloropropane: : 0.019 - 80,i ...Plo

32




é

WATER AND LAND

2.4 Regulatory framework

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

According to Italian regulation, although the remedial targets are defined on a Ris
Assessment basis inside the facility (SSTLs or CSR), groundwater quality at the €
remedial action must comply with regulatory limits (CSC, much more conservative
calculated SSTLs) at the downgradient boundary of the site. Therefore, once redt
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 tl
south-eastern site boundary, where concentrations for TCE are slightly over the
%}8 o o]Jul]s ~ii ...Pl>« v }v }E &E }(u Pv]dp } A
1.i ...PI>¢«X o0}VvP §Z e Ev }E EU }v %] 1}u 8 E
1,2-DCA and 1,2DCP, with a contamination 2-3 orders of magnitude above the
respective regulatory limits (CSCfor1,2- A i ...PI>V 2DCAHILMU.L. P|>¢
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3. Rlot-scale application in field

No pilot test was performed

4. Rull-scale gpplication

4.1 Extraction system

The SVE system is composed of two extraction wells and an horizontal trench, ang
combined with an Air Sparging (AS) system which includes four wells. The charast
of the installed systems are as follows:
{ N.2 SVE wells (nhamely SVE1 and EMW30 both 7 meters deep, with a screer
Jvd EA o (E}ui 8} O6u PoX”"*si]Jed J]usEU v
{ 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
to SVE1, namely AS14, AS15, AS16). AS wellstaru § E % U Vv 4
diameter. They are all screened in the interval 14-15 m bgl;
{ 8Z "s +C+3 u ]* %}A E C 0} A &EkWR20NZtKpliaskl
50 Hz);
{ 8Z "N eCe3 u ]* %}A E C + E}o0 }u%o @ kv, ZEDW
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 w
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 cu
meter each) in series connection.

4.5 Control parameters

{ Air flow and extraction rates

{ Air pressure measurements

{ Water levels

{ Dissolved oxygen and contaminant concentrations in groundwater

{ Oxygen, carbon dioxide and contaminant concentrations in SVE off-gas or s
vapour

{ Mass removal

7. Additional information

7.1 Lesson learnt

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

To assess the success of remediation is fundamental to perform:
{ trend analysis of each contaminant monitored over time with respect to the in
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 generairtigaian 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, ca
good way to have site personnel sufficiently trained with respect to the specific
performances of the system installed.

Gossary of Terms

A glossary will help a you to maintain the level of precision necessary for keng @nd maintain
}vel]eS v C E}ee $Z 8§ ASX t (}uv }HUS SZ S o}u SJu *» 8 HEAUFZ S <}uv
V "%}oous _ @& pe Jv EZ cu AC e« cCAZQUIIVVIZFUE BAEEL W ]
meanings (due to legislation or for other reasons). So fill in this glossary for yowrldments and of
course for acronyms.

Term alphabetical order) Definition

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

2.1 History of the site

Since its first installation (1970), within the site have been produced compressors f
refrigerators and air conditioning units. The analysis of the production processes w
the facility highlighted the use in the past of potentially polluting substances such a
heavy metals and chlorinated solvents, mainly PCE, TCE and Cr IV. The productio
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 sang
succession mainly consists of silty-clayey layers with two major sandy layers of diffel
thickness, ranging from few centimetres to about 1 meter, located in the following rar
of depth:

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

{ 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 subjed
to ventilation through the SVE system.
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2.3 Contaminants of concern

The main compounds of concern are:
tetrachlorethylene (PCE),
trichloroethylene (TCE),

cis 1,2-dichloroethylene (cis 1,2-DCE),
trans1,2-dichloroethylene (trans 1,2-DCE),
1,1-dichloroethylene,

chloroform,

vinyl chloride (VO),

freon-11,

freon-113

(ot N et Wt Wate W s Wt Wt W e W e |

2.4 Regulatory framework

The administrative path of the remediation process started on 2001 when the cliel
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 th
contamination from groundwr. 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 syst|
brake any possible migration pathway of contaminated vapours from the groundw
to the productive building.
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3. Rlot-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 achie
from each extraction well. The test was carried out connecting, through flexible pip
}v. A E3] o A oo }(d_ ] usd EU T usmbetod grodihd level (od
m depth, with a blower for vapour extraction (with filters and silencers). In addition,
system included a condensate separator to remove water from the extracted gas b
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 w
head of the extraction well was equipped with a pressure gauge and connected to
extraction system through a flexible pipe. Along the extraction line (2" diameter) the
was a manual adjustment valve, vacuum gauge, sampling points and two asamete
air flow measurement.
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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 a
the design value:

{ 26 nt/h

{ 40 nt/h (design value)

{ 50 nt/h

{ 80nt/h

{ 125 m/h
During each step test, the following parameters were monitored:

{ suction depression at the blower,

{ depression on the wellhead of the suction point,

{ depression induced on the soil gas monitoring points,

{ flow rate of extracted gases,

{ VOC concentrations.
On the basis of the step test outcomes a flow rate of 8hrhas been sustained
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constant for about 48 hours during which the same parameters of the step tests ha
been monitored.

Plotting in semi-logarithmic graph the depressions induced in the monitoongat
different distances from the extraction well and considering a cut-off pressure of 19
the depression measured at the wellhead (Johnson and Ettinger, 1994), namely 0.
mbar, a ROI of about 120 m has been estimated from the suction shaft considered
pilot test.

3.4 Off gas Treatment

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

3.5 Control parameters

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

{ suction depression at the blower,

{ depression on the wellhead of the suction point,

{ depression induced on the soil gas monitoring points at different distances fr(

the extraction well,
{ flow rate of extracted gases,
{ VOC concentrations.
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4. Rull-scale application

4.1 Extraction system

The full scale SVE system basically consist of 5 extraction wells, 4 of which within
productive building and 1 in the external area still within the site boundary. Eachale
ASE 3]}v A oo ]e}(d_ ]usd EU T.5mbeonzgreudd level to(
2 m depth. Each vacuum well is connected to the vacuum unit through HDPE
underground v JA PEIUV %]% « }(T_UT_ v &_ 38} 31 ]
along the line.
The vacuum unit is basically composed of 2 vacuum blowers (one as backup blow
flow rate 230 NriYh each, with filters and silencers, 1 condensate separator to rema
water from the extracted gas before to pass through the blower and 1 electrical pat
control the blowers. Outside the vacuum unit there are 2 granular activated carbon
units (1 nf each with about 600 kg of carbons) and a chimney for treated gas emiss
Each well head is equipped with a pressure gauge and along each of the 5 extract
lines there are from the bottom to the top: sampling port, flow meter, pressure gaug
regulation valve, on/off valve.

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 performandes different monitoring system we installed:
{ EX 0 "v +3C % E} « U 6 }( Azl Z]v A% Ev o E
{ EX 17 "A %}E %]v_ A]8Z]v 8Z ( ]o]3CX

Vapor Pin
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4.3 Radius of influence

As a result of pilot test an extraction flow rate of about 58hraur for each of the 5
extraction wells has been set and a ROI of about 50 m has been associated with eac
extraction well in order to cover the planar extension of the groundwater plume which
basically an orientation north-south. The following image depict the expecteddRnn
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 unitsedcim
with about 600 kg of granulated activated carbons) and a chimney for treated gas
emissions in the atmosphere.

“L“ WIHI \‘ il

47




WATER AND LAND

4.5 Control parameters

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

5. Fhhancements 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 schedule
monitoring campaigns on a six months basis on each soil gas control point availab
the site and an ambient-air monitoring survey on a year basis to verify if any chang
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 ¢
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

2) Technical aspects
Prior the installation of the extraction wells perform a detailed screening and resfiev
historical maps of the areas that need to be treated with a sub slab ventilation to as
the occurrence of any subsurface services which can reduce the extension of expe
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
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:
{ trend analysis of each contaminant monitored over time with respect to the in
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 fi
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, ca
good way to have site personnel sufficiently trained with respect to the specific
performances of the system installed.
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(IMPELF:

2. Ste background

2.1 History of the site

The site is a gas station in peripheral area south of a city of central Italy, along
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 vol
origin and deposits of alluvial origin.

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

From a geomorphologic point of view, the site is located on the slope in a hilly arez
artificially terraced for the construction of the square.
Hydrography essentially consists of a series of ditches which, with dendritic branch
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 relg
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

make up this succession.

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

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

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

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

2.3 Contaminants of concern

Jvd u]v 8]}v (( & pve SHE § +}]JoU A]3Z d yU Gi]
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 Nc
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 ar,
equal to 50, 50, 50, 50, 250 and 750 mg/kg, respectively, for soils with commercie
For the implementation of SVE technology (as well as for the implementation c
remediation plan) the approval by local authorities is needed.
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3. Rlot-scale application in field

3.1 Extraction system

The execution of the pilot test, placing vertical wells SNO3 and SN04 (5 meters dey
screened between 1 and 5 m b.g.s.) in depression by a blower, showed that:
{ by varying the extraction rate (from 30 to 1000 L/min) within point SNO3, rath
small depressions were detected in the monitoring points, in any case lower 1
the value of 0.5 mbar (the maximum value was 0.3 mbar observed in SN0O4 v

an extraction rate of 1000 L/min) indicated by literature as the minimum
% E e¢]}v 3} Z A v ]Jv p Jviop v (E}u 83Z Ao

value);

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

{ no condensation accumulation was detected during the test inside the separ3

5]

p.c.

UL L)

SNO4 SNO3 SNO2

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

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

{ Radius of influence, ROI: 3.0 m;

{ Maximum flow rate of extracted air for each SVE point, QEa: 7tg m

{ 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 (
air/liquid separation system, a pair of iron with epoxy treatment filters, filled V
activated carbon in pellets, (H 1400 mm x D 780 mm).

3.5 Control parameters

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

4.1 Extraction system

i

SND&[]

ALCECTIEY v =i RO el i 3 LI {j| '

e

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

The gaseous flow, once dehumidified and the particulate removed, passes through
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 moistu
content of the extracted air ", the plant is also provided with an evacuation, treatme
and discharge system for the percolating waters that accumulate preferentially in t
SNO02 and SNO3 piezometers.

Two additional extraction points located outside the contaminated area were install
with the aim of enhancing the recall of vapours from the subsoil to further safeguar
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 piezom
SNO02, SNO3 and SN04 and the new points VEOS8, VEQ09, VE10 and VE11 were use
the picture below.

The suction from the points was operated by a pump capable of reach a vacuum o]
least 150 mbar, and a flow rate of not less than 50thmin order to guarantee an air
flow, for each extraction point, of at least 70im, with a nominal power of about 50
KW.

4.3 Radius of influence

Considering the ROI determined through the pilot test and the areal distributioreof {
contamination, the number of extraction wells and their spatial location were defing
correct ROI value of 3 m was therefore adopted as a precaution.

sNos[]

sND&[]
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i

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. Ir
particular, the following activities were carried out on all the extraction wells preser
site (VEO2, VEO3, VEO4, VEO08, VEQ9, VE10 and VE11):

{ measurement of the VOCs present in the extraction points;

{ 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
weekly basis:

{ measurement of the VOCs extracted from the points and leaving the stack (p

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

{ flows at each extraction point;

{ 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 v
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 ve
the correct functioning of the system and monitor the operating parameters of the [
(measurement of VOCs, induced depressions, extracted air flows, extracted water
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:

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

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

{ 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
coarse texture the SVE technology can be a viable system to reach the remediatio

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

remediation.

7.2 Additional information

The keystone issue for a successful remediation is to gain a right conceptual site n
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 tl
technology, following training on the job so to gain experience with facing real
problems.

Gossary of Terms

Term alphabetical order) Definition

BTEX Benzene, Toluene, Ethylbenzene, Xylene

Ce12 Light hydrocarbons

C>12 Heavy hydrocarbons

VOC Volatile organic compounds (VOCSs) are organic
chemicals that have a high vapour pressure at
ordinary room temperature
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2. Ste background

2.1 History of the site

Approximately 23,000 kg of acetone was released from a rail car during unloading in
2016 at a facility that stores, repackages, and distributes chemical products to whole!
and industrial users.
The Property is irregular in shape, covers an approximate area of 125,000 square mg
(m?) and is located in a industrial area, with a neighbouring residential area located tc
south. This residential neighbourhood is located within 35 meters (m) from the Prope
limit at its closest proximity. A series of railway sidings are present at and in the west
portion of the Site.

—~\d
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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 de
silt with traces of clay or clay with traces of silt to approximately to approximately 4
mBGS. A layer of course material composed of sand and gravel measuring approx
0.3 m thick rests on a grey fractured limestone with fair to excellent rock quality (R
>95).

Native soils were composed of an initial deposit of silty clay, becoming at around 3
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 an
gravel.

During intrusive investigations, odours were strongest near the surface (0.6 mto 1
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 effe
operating conditions for SVE, a remedial objective of 28 mg/kg was establish
acetone in soil, based on similar land use regulatory standards. For the sect
contaminants, existing standards for industrial/commercial land use were select
remedial objectives ( Ethylbenzene = 50 mg/kg, Toluene = 30 mg/kg, Xyle

mg/kg).
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3. Rlot-scale application in field

3.1 Extraction system

One shallow vertical extraction well screened to impart vacuum within the imperme
(shallow) layer of soil were installed throughout the treatment area. The effective re
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 su
Two existing 2-inch diameter vertical wells were used to extract vapours from the n
permeable and deeper sand and gravel layer as the screened intervals for these w
intercepted the more permeable layer and extended to the top of bedrock/soll
interface. The effective radius of influence measured during pilot testing for these v
was approximately 20 m.
A self contained mobile SVE equipment trailer was mobilized to the treatment ared
equipment included a high vacuum, high flow vacuum blower capable of proglup
to 100 cubic feet per minute, and a vacuum of 10 inches of mercury, distributiorehe
moisture separator, piping, valves and gauges, barometer, and vacuum gauges. T
system was equipped with remote monitoring to the system control panel which co
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 pa
experience gained from operating SVE systems in similar soils. A probe response
to 1.0 percent of the applied SVE wellhead vacuum is generally considered signifig
ROI estimation. Due to the soil heterogeneity at the site and surface conditions, a \
range of vacuum response was observed. While vacuum response was achieved i
distant monitoring wells, response at the probes installed in the tighter material wa
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.
upper zone, the monitoring probes showed a better response to the north compare
the south of SVE-01. The northern portion of the Site showed that an ROI of 3-4 m
would be achievable. The southern portion of the Site showed an ROI of less than
Ud EeX ZK/ *3Ju § « «Z}A A EC *JulJo E & ~pose AZ
vacuum. In this zone, the readings indicated that applying a less powerful vacaym
ul@E& v (]]o38} ZzZ] AlvP 8§z e§ ZK/ <« 8§8Z o_ ,P
induced vacuum readings. The data also suggests that a period of hot, dry weathe
have caused desiccation of shallow soils and well seals and resulted in short circui
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
e}Jv X ¢ lvEZ & ]JvPe3 Il vU }% & 3§]vP § 0_ ,P A
greater ROI with distances exceeding 20 meters. Of note, operating at higher vacu
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 ¢
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 1
rate for the test (based on SVE flow rate and wellhead vacuum levels). Flow rate v
vacuum curves were constructed from these step test data to assist in the selectiot
the most desirable operating range for a full-scale system. An example of the resul
shown in the figure below.

Upper Zone
The step test showed a desirable operating range between 25-40 CFM with an apy
vacuumof4o P X

Lower Zone

The step test at PO-101 (see Figure below) displayed good performance without a

1(( p% 3} (o}A }( 81 &D A]3Z v % %o0] A ppu }( 6
AIR FLOW RATE VERSUS VACUUM

PO-101 Step Test

Fow (CT'M)
\
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3.4 Off gas Treatment

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

3.5 Control parameters

Soil analytical results were collected prior to and following each treatment phase tg
evaluate compliance with remedial objectives. These results were also used to con
the following phase of treatment (progressive reduction of treatment area).
Groundwater samples were collected and submitted for analysis of volatile or
compounds (VOCs) within and downgradient of the treatment area to monito
potential releases to groundwater from treatment activities.
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4. Rull-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. T
effective radius of influence for these wells was approximately 3 m. The shallow wé¢
were equipped with 4-inch diameter PVC screens and risers and terminated near t
surface.

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

A self contained mobile SVE equipment trailer was mobilized to the treatment ared
equipment included a high vacuum, high flow vacuum blower capable of pragup

to 100 cubic feet per minute, and a vacuum of 10 inches of mercury, distributiorehe
moisture separator, piping, valves and gauges, barometer, and vacuum gauges. T
system was equipped with remote monitoring to the system control panel which co
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 w
measured was between 9.7 and 18 m, while the radius of influence of the SVE wel
between 5.1 m and 9.9 m.
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4.4 Off gas Treatment

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

Air Sampling

In addition to the field PID readings collected above, air samples were collected at
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 complianc
emissions equivalent to 2.5% of the regulatory limit for a 4-min exposure and 1.3%
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 samplé
emissions did not present any exceedance of the applicable regulation durin
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 tg
evaluate compliance with remedial objectives. These results were also used to con
the following phase of treatment (progressive reduction of treatment area).
Groundwater samples were collected and submitted for analysis of VOCs within ar]
downgradient of the treatment area to monitor for potential releases to groundwate
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 &
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
The addition of an impermeable ground cover layer effectively controlled short
circuiting in the area of highest concentrations immediately adjacent to the spill are

7.2 Additional information

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

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

Gossary of Terms

A glossary will help a you to maintain the level of precision necessary for keng @nd maintain
}veleS v C E}ee 52 § ASX t (}puv }uS SZ S e}u SJu » 8 XHEUFZ S <}uv
V "%}oous _ & pe Jv EZ cu AC e« cCAZQUIVVIZFUE BAEEL A ](
meanings (due to legislation or for other reasons). So fill in this glossary for ypweldments and of
course for acronyms.

Term alphabetical order) Definition
VOC Volatile organic compounds (VOCs) are orgs
chemicals that have a high vapour pressure
ordinary room temperature

CFM Cubic feet per minute
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2. Ste 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 comm
activity area, soil sampling was carried out in the area where underground fuel tan}
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 tf
type of activity carried out at the site. These are pollutants that originate from fuel
components:

{ TPH

{ BTEX

{ MTBE

{ 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 - Departmen
contaminated soils.

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

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

3. Rlot-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 th
different depths: 7, 11 and 16 m below the ground.

The large number of wells and the varying depths allows to "capture" of all th
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 we
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

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

{ The soil at the site was found to have effective conductivity in the tested flow
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 W
measured and the impact radius reached up to 10 meters from the suction w

{ Since the average distance between the wells ranged from 4 to 6 m, there w;i
compatibility between the remediation method, the site characteristics and th
existing pilot remediation infrastructure.

{ According to the pilot findings, it appears that when operating the pump from
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
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
a thermal oxidationeatalytic oxygemnmethod suitable for the treatment of emission
stream at concentrations higher than several hundred PPM. Laboratory tests founc
evidence of the presence of chlorinated hydrocarbons which can be a limiting factc
when using this technology due to the fear of causing damage to the catalytic conv
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3.5 Control parameters

{

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

In order to evaluate the effectiveness of the treatment for the gas pumped frc
the wells treated by the thermal oxidizer, a sampling was performed on the s
of the treatment facility.

4. Rull-scale gpplication

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

4.5 Control parameters

{

WP~

Throughout the period the system operates, there was regular monitoring on
every two weeks of parameters of the system and the soil and once every fe
months a performed laboratory analysis of TO-15 to the concentrations in the
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.
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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 m
and a half and restarting it for two months.

The test revealed that the concentrations did not rise and there was no change in
concentrations in the various wells after reopening, with respect to values measure
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 kilg
of pollutant treated emitted into the air during the power generation process at the
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 meanil
continued pumping and gas treatment has low efficiency on the one hand and o
other hand requires a lot of energy, its significant environmental consequences
regard to electricity generation emissions.

7.2 Additional information

The SVE system operated for about 9,000 hours during which it handled about 5,6
liters of hydrocarbons.
As part of the treatment, about 4,000,000 cubic meters of soil gases were extracte

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 Protectior]
order for the remediation processes to comply with the regulator's guidelines.
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2. Ste background

2.1 History of the site

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

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

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

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

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

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

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

In addition, during the month of July 2014, the soils located to the right of théhso
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 a
approximately 250 mz,
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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:
{ Old quaternary alluvium;
{ Limestone of Saint-Ouen made up of marls and limestone banks over a dept
10to 15 m;
{ 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:

{ From 0 to 1 m: predominantly sandy embankments;

{ From 1to 8 m: a layer of sands becoming marly from a depth of 4 m;

{ From 8 m: limestone.

According to information taken from the subsoil database (BSS) and the hydrogeol

map of the Paris basin, several water tables are present under the treatment area:

{ The Saint-Ouen limestone aquifer, whose piezometric level was established
about 16 m deep;

{ The Beauchamp sands aquifer, the piezometric level of which was establishe

about 24 m deep.

According to the groundwater quality monitoring campaigns carried out in 2012 ang
2013, the water levels at the site were recorded between 15.7 and 16.4 m deep in
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, wit
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 pos
to characterize the impact on the right of the area to be decontaminated.

The results summarized below indicated the presence of a tetrachlorethylene imp
(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 maxim
level (6.7 mg/kg) was observed between 4 an 5 m deep at the level of a bor
located at the level of the former product storage area. The vertical extensic
the pollution in the soils was not delimited beyond 6 m of depth bet th
detection of PCE in the groundwater seemed to suggest that this impact ha
locally migrated towards the groundwater;

{ In soil gases at the level of the most superficial horizons between 0 and 5
deep. The various campaigns carried out had made it possible to measure |
contents of between 7.5 and 1,435 mgim

{ In groundwater in the area of structures located in the area but also on a
structure outside the site rightf-way. Studies prior to 2014 revealed PCE
contents varying between 3,900 and 8,300 pg/l. According to the groundwal
guality monitoring campaigns dating back to 2015 at the site, the PCE conte
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/l) and dichlorethylene
(content of 4.9 pg/l).
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2.4 Regulatory framework

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

As part of this project, the decontamination objectives initially selected, on the bas
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 th
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
m was supposed to make it possible to obtain an admissible residual risk wi
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
from the soil between the final excavation slope (-3 m compared to the na
ground) and the roof of the limestone of Saint-Ouen (located approximately
deep). The objective of this operation was not to achieve compatible res
risks (which had already to be reached after the excavation work carried ou
depth of 3 m) but to pursue the elimination of the pollution more in depth, v
a view to improving the quality of the environments. The initial objective we
achieve an 80% reduction in the mass content of PCE determined in soill
before the start of treatment with SVE. To achieve this goal, the SVE trea
was scheduled to work over a period of 3 to 6 months.

3. Rlot-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. Rull-scale application

4.1 Extraction system

In view of the environmental, geological and hydrogeological context of the site, to tr
the source of solil pollution in the area of the former chemical storage area of the

CHIMICOLOR plant at La Garenne Colombes, the choice fell on the implementation
in situ treatment by SVE. This technique had the most relevant technical and econor
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 implant
to 6 meters deep from the bottom of the excavation, including 2 m in solid tubes and
in screened tubes.

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

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

area;

{ A soil permeability estimated at 5.20n/s;

{ Unit extraction rates of 2 to 15 ¥th;

{ A vacuum at the head of each well less than 150 mbar;

{ A provisional treatment period of 6 months.

The unit has been sized so as to be able to ensure a maximum total extraction flow ¢
660 ni/h for a maximum total depression of 350 mbar, compatible with the assumptig
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 chemig
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 FRAN
implemented SVE tests in order to determine the characteristics specific to each w
(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
These data were intended to confirm the sizing of the installation and optimize its
performance.

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

Staged tests
The objective of a stepy-step test is to determine the optimum vacuum/flow rate pa
of the wells. During these tests, the air from the ground was extracted in stdges

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 hang
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Vacuum/flow and vacuum/VOC content pairs for well A9
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During the tests, regular monitoring (every 5 minutes) of the following parameters \
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carried out:
{ Extractor depression;
{ Pressure difference in the flow measurement system (diaphragm device);
{ 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/Nfor a depression of
13.367 Pa to 81 Nith with a depression of 22.167 Pa. From this last value, and des
an increase depression, the extraction flow hardly increases any more. For 23 833
depression, the observed flow rate is 82 Mm An asymptote is then observed. The
optimum pressure/flow rate pair of the well is therefore of the order of 80°Kinfor a
depression applied at the head of the structure of the order of 22.000 Pa. Well A9 |
considered to be a productive well.

The semi-quantitative VOC contents in the gases extracted from this well are not v
high compared to the other well tested. The minimum measured concentration is 2
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
presented in the table below. They correspond to the optimal extraction rate assoc
with a given depression.

Aiguilles Al A2 A3 A4 A5 A6 A7 A8 A9
Dépression optimale
appliguée a l'ouvrage 190|150 (200 [<140(240|200|190 (230|220

(mbar)
Débit d'extraction optimal
SIS S5 57 |37 | 44| 40 | 43|36 | 41|41 |81
(Nm*/h)
Teneurs semi-
quantitatives PID 623 (429 (143 (3319 (168 (335 79 | 92 | 37

moyennes (ppmv)

Sccalled "long-term" test
The advantage of the "long-term" test is that it can estimate the effective permeabi
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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 |
treated. The other 8 wells were located between 3.4 and 9.6 m from well A5.

A fixed vacuum of 240 mbar was applied for 30 hours from well A5 and se
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 thereafte
each control well. The defined value of the applied vacuum (240 mbar) was detern
by the step test. For well A5, the optimum depression is not known (it is less than 1
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 Nth.

Estimation of effective air permeability

In order to determine the effective permeability to air of the treatment zone (ka
expressed in m2 or permeability K expressed in m/s), various analytical solutions (r
or less complex) are proposed in the literature. The configuration of the extraction
and the control wells of the area to be treated made it possible to use the adaptatid
Dupuit's solution. This simplified relation derived from that for groundwater flow is
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 ove
time at the level of the control wells.
The calculated effective air permeability is 9.10-4 m/s. The value obtained is greatg
than the value used during sizing (5.10-6 m/s). This difference made it easier to re;
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
radius in which the solil air (pore volume) is renewed at least 1000 times per year. |
radius of influence depends on several factors including the geometry of the extrag
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 gra
soils) for a single extraction well.

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

A calculation tool internal to SUEZ RR IWS REMEDIATION FRANCE makes it pos
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determine the estimated permeability values by taking advantage of the adaptation
Dupuit's solution. This same tool makes it possible to predict the extractable flow b
considering the permeability value, the characteristics of the tested well (depth, len
of the screened interval, etc.) and the depression applied at the head of the we#. If
flow rate measured at the end of the long-term test is of the same order of magnitu
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 belc
Measured A
Applied Estimated ) calculated
: o extraction )
depression  permeability according to
flow S
permeability

Work

240 mbar | 9.10°m/s | 107.4 Nn¥h | 168.1 ni/h

The permeability value estimated during the long-term test is consistent with regar
the nature of the soils (sands, marls, limesthne

The flow calculated from the permeability estimate is greater than the measured
extraction flow (approximately 60 #hn). The geology of the soils could suggest the
presence of preferential flows. They are liable to vary the depressions at the head
wells and the unit flows. In addition, the flow rate of 107.#mmeasured during the
"long-term" test is also greater than the flow rate of 43/mmeasured on well A5
during the step tests. These two measured flow rates show the high productivity of
A5 and are much higher than the unit flow rates taken into account for the sizing
(between 2 and 15 fith), which goes in the direction of better efficiency of the
treatment.

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

The table below compiles the values of the influence radius obtained under operati
conditions of the SVE treatment.
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Summary of the radius of influence calculated under operating conditions
Depression applied aj Measured extraction Radius of

Work

the well head (mbar) flow (Nm* h) influence (M)

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 32.1 7.2
41.4 21.3 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 dats:
between 6.4 and 7.5 m. Knowing that the maximum distance between two wells is
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 m2 ir
south-eastern area of the site.

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

W

Asguilie de tratement N

¥ Puizométre
¢ Rayons dinfiuence prévsionnel e £

A
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4.4 Off gas Treatment

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

The initial choice of SUEZ RR IWS REMEDIATION FRANCE fell on a filtration line
of two series of two 200-liter activated carbon filters arranged in parallel and conne
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
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 co
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
installation in order to change the activated carbon.

The contaminated activated carbon was evacuated to an approved treatment ch
(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
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

1400000 450

mVolume total d'air extrait cumulé

1200000 mDébit Standard dair extrait

000 000

800 000 8 =
600 000 - 200 5

400 000 -

Volume d'air extrait (Nm?),
[
8
ra

200 000

0 0

At the end of the operating period of the SVE unit:
{ The average volume flow rate of air extraction estimated over the six months
operation is 327 Nith (blue line shown in the figure above);
{ The total volume of air extracted from the ground is estimated to be
approximately 1,328,000 Nin

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 decrea
observed during the first month of treatment. After 6 months of treatment, the extrag
air streams exhibited contents ranging between 1.1 ppmv for well A9 and 26.6 ppm}
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
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 du
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/Nm"*
1,2-dichloroéthane <sQ <SQ <SQ <sQ <SQ <SQ <SQ
1,1-dichloroéthéne <sQ <sSQ <SQ <sSQ <SQ <SQ <SQ
cis-1,2-dichloroéthene <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-dichloropropéene <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 14935 194,1 107,6 101,2 66,7 74,4 100,0
Teneur PID lors du prélévement 315,0 32,1 26,0 27,0 28,0 29,0 30,0
B3RXUFHQWDJH GY{DEDWMW
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 devic
the tetrachlorethylene content (a compound present at 99% in the air flow since the
of the treatment) had significantly increased compared to the levels determined fron
samples from July 11 and August 10, 2016.

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

An indicative value of the total mass of pollutants extracted could be calculated on t
basis of analytical monitoring and air volumes extracted from the soil by the SVE sy
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 1
the ground, in gaseous form, by the SVE device, on the basis of the data collected {
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 th
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 s
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 Unité 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

9ROXPH GYDLU H[WUDLW S Nm® 158 680 251512 294716 217 678 216 489 188 984
Concentration moyenne en COHV sur la période
2 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
7DX[ GITH[WUDFWLRQ MRXU kglj 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 gase
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 stratg
for the decontamination works, a statement of the quality of the soil gases was carr
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,

the device has been shut down.

Evolution of the volume contents of VOCs in static conditions from the initial state (|
March 2016) until the last monitoring campaign of the reception phase (06 Decemb
2016)
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Evolution of the VOC mass contents under static conditions from the initial state (0
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 fr¢
the 9 SVE wells was 108.23 mg#. 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 t(
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
months of treatment, between 3.04 mim® for well A3 and 507.36 mim® for well A4.
All the wells exhibited an abatement rate greater than 93%, with the exception of w
Al whic3:h exhibited an abatement rate of 81% for a measured concentration of 338|
mg/Nm”.

The treatment of soil gases by SVE was stopped at the end of the soil gas samplin
campaign carried out on September 13, 2016, in accordance with the work accepts
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 tak
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during the initial state and after 3 and 6 months of treatment, soil gas samples at th
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 42.86Mmy?. This value is lower in comparison wii
the value obtained after stopping treatment, on September 13, 2016 and in compar
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 9t
which corresponds to a significant reduction rate, clearly higher than the target (809
The VOC contents in the soil gases sampled from each of the 9 wells range, after t
months of shutdown, between 1.97 mgm® for well A9 and 245.04 miyi® 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 Decembe
2016, tetrachlorethylene still remains the majority compound. We can also note tha
1,1,Xtrichloroethane was measured in trace amounts at wells A4, A5, A6 and AS8.

Likewise, trichloroethylene was also measured in trace amounts in the area of well:
A4, A5, A6, A8 and A9.
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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
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1.7 Phone number

+33(4)72450222
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2. Ste 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 Ide-France region, in France. The site covers an area of
several hectares and corresponds to a multidisciplinary research and innovation.ce
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 trichloroethy
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 si
are reported in the following table.

Geological information Hydrogeological information
The horizons intersected by the wells on ¢
are successively:

X a very poorly permeable cove
formation, corresponding to plateal
silts and grindstone clays, with
thickness of around 12 m;

x the Fontainebleau sand:
corresponding to very well classifig
fine sands (particle size of 500 to 6
um); the thickness of Fontaineble:
sands formation is around 50 m;
carbonate and clayey horizon, with
thickness generally between 1 and
m, is present in the upper part of th
Fontainebleau sands formation, at
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 dept
of 40 m.

Flow direction/gradient:the flow of
the groundwater table is directe
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 geolq
layer of a dozen meters thick, a halo of VOCs (mainly trichloroethylene - TCE) wa
formed within the pore space of the Fontainebleau sands, in the sector of the mai
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 VOC
multi-source and multi-pollutant, affects groundwater at the scale of the site.
Pollution characterization data remain unknown, namely:

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

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

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

subsaoil.

2.4 Regulatory framework

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

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

3. Hlot-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. Rull-scale application

4.1 Extraction system

The forced extraction of gases from the ground was accomplished from the three
named F51
PGO05 and PG-08. These wells are respectively 50 m, 20 m and 30 m deep in telz
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 extr
flow rate per well of the order of 150 to 200%our. In addition, given the configuratig
of the screened intervals of the PG-05 and PG-08 wells, SUEZ RR IWS REMI
FRANCE has provided specific plugs and wellheads in order to selectively extrac
from the soil in the Fontainebleau sands formation overlying or underlying the carb
and clay horizon generally intersected between 14 and 16 m deep.

—— JESEEEEEEEEER]
Unité d'extraction
des. gaz du sol .
& F51 . <& PG-05
D) - & PG-08
Dispositif de filtration ™ .
sur charbon actif (6 fats) — ~ .
=
[
Barriérage .
I
s
i
gusnsunnif
- 0 25  Sm
. <« OUVRAGE

Layout plan for wells and facilities
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Litholagie Description

Echantillonage

S ... |Temevégewlebrine 4
Rembiass sablo gmveieux brun

1

Argiles compactes !égérsment graveleuse
caramel, panachées gris, 4 éléments et
graviers calcaires altérés disséminés

Limons
des plateaux

5

| Argiles compacles, orangges & versicoles,
rouge briques, panachées gris, légérement
sableuses a nedules calcaires biancs

. _jdissémings g
Argiles compactes panaohées grlses é
orangées, traces noires pulvérulentes
_{FeiMn n(?) en p_a_assg_es ohhques

Sables grossiers graveleux, fins a la base
. [hétérogene, _!qc_a_lemenl argileux et humides
Sables gressiers gris en alternance avec
des argiles sableuses panachées, humide '
Arglles créme, a blocs siliceux disséminés, IPG‘OSb[
locatement kaolinilisés {pulvérulent)

Arg!les oompactes gris et caramel

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

PG-05a

Sables de Lozére
{Burdigaiien)

Tubage plein PVC 80 mm, vissé

% ; », = Argiles blocailleuses brunes
‘J} -—1((1} ‘-3\’(_0) \.>~;:_q:

... |Blocs siliceux , matrice argileuse blanche
- | Argiles crangées, compactes et homogénes
.Sablss gmss'iérus argleux éblocsbrun calé )
™ Argiles compacles légérement sableuses
Argiles 4 blocs siliceux et éléments noduleux
. |blanc créme pulvérulent & limeneux, humide
" |Devenant sableux a la base

Sables fins orangés

poos]

Argiles a Meuliéres et Meuliéres de
Mentmorency {Chattien)

15 mE

Blocs calcaires créme. mdurés passant aux
argiles compactes chacoiat 3 éléments
calcaires altérés devenant sableux 3 la

.. | basa, brun foncé.

[PG-0sd |

Forage au carottier battu 150 mm, tubage de souténement

{(2-3 mm}

Satles fins blanc créme a jaune clair

Massif filtcant en gravier sificeux fins

Tubage crépiné et plein PVC 80 mm,
vissé, Crépine 3 fentes larges (1 mm),

Sables de Fontainebleau
(Stampien)

20 ml-

25 mj—

-30m

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 o
this project.
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4.4 Off gas Treatment

The technical-economic analysis, based on the forecast mass balance of the treatr
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
each of the lines being made up of three 200-liter activated carbon filters arranged
series (capacity of 75 kg of activated carbon per filter). When the activated carbong
the two drums placed at the head reached saturation, said drums were emptied, ti
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
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 exce
of the discharge criteria.

4.5 Control parameters
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Débit voulmique d'extraction (m */h)
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5. Fhhancements to SYE

5.2 Any other enhancement

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

7. Additional information

7.1 Lesson learnt

Controlled project, without particular constraints to be met. The SVE treatment ma
possible to achieve the asymptote of recovery of TCE in the horizon o
Fontainebleau sands. The client did not communicate to SUEZ RR IWS REME
FRANCE the analytical results from the groundwater monitoring but had nevertl
shared the information that the quality of the groundwater at the level of
piezometer located directly downstream of the treatment zone was improved.
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2. Ste background

2.1 History of the site

The Site is an ex industrial plapte E S]VvP (E}u $§Z Zfiie §} T116U 4
&E ro} S He SZ & Z - }u ou}eS }u%o S oC
The remediation procedure for the Site started at the beginning of the 2000s, beca
facility downstream from the Site was found to be impacted by an incoming cated
solvents contamination. Since 2000 soil and groundwater were largely investigateo
a remediation activity was performed from 2011 to 2013.

In 2017 pilot tests were undertaken in order to address the PCE contamination det
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
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Site Aerial map with monitoring wells
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2.2 Geological setting

Site soil consists of gravel and sand, interbedded with thin layers of sandy silt. The
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 groundwa
Trichloroethylene (TCE), 1,2 dichlorethyleré Uir < Vinyl chloride (VC) are alsa
present, as PCE degradation products.

In soil PCE was detected in concentration of about 1000 mg/kg. PCE in soil gas v
to 4900 mg/n.

The remediation target for the Site was calculated by a human health risk assessi
and for the soil matrixes is a soil gas target (because of the vapour inhalation risk
it is equal to 110 mg/rhfor PCE, at the sub slab pins installed underneath the build
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 contamina
sites.
The reference legislation establishes some threshold values (CSC D.Lgs 152/06 i
limits DM31/15) for the main contaminants both in soil and groundwater; if during
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 contaminati
§ § }v ]88 ~ (]v C $Z « u%o0 * Alsz £ vV ooe
*]S re% ](] SZE& <Z}o o0]u]Se ~ "ZeX dZ o0 P]eo SpUCE
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 thg
acceptable values, the site is defined "contaminated"”, and remediation is needed.
E]el o ]S 1re% ](] SZ8R)«arethe rehediamontargets.

111



3. Rlot-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
bgs, to target the residual contamination below the source area as indicated by pre
investigations.

The test was conducted connecting the well (SVEa) to a blower and then applying
vacuum on the extraction well. Vapor flow rate, vacuum and V@ @and CH
concentrations were measured in the extraction well and in 4 nearby soil gas probe
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 rate
95, 124 and 164 Fh). During the constant rate test the maximum flow rate (164
was used for a longer time (300 minutes).

Vacuum and VOC,CQ and Cllconcentration measured in soil gas probes was us
S} ee oo 57 Z Jue }( /v(Op v ~"ZK/ e }( SZ "s X

3.5 Control parameters

Vapor flow rate, vacuum and VOG, OQ and CkH 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 t
over range value of the field gas detector.
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4. Rull-scale application

4.1 Extraction system

The SVE system used included the following equipment:
X i viv A E8] o A oo ~*s Ui _]Jv J]us EU iou
{ T A ES] o A ooe ~*"s @"s Ui _Jv J]us U B u
one from the other;
{ 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
Ju%o}e C W %]% U E& v Ud_ ]Jv ]J]us EU
sand layer and concrete;
X a blower and related vessels and piping, connected to a vapour treatment un
x vapour$@E 3u v3 pv]s Ju%le }( 7 'E vpo E 3]A §
{ Inaddition, 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.

X
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4.3 Radius of influence

Radius of influence (ROI) was calculated on the basis of induced vacuuhegnhbt test
results. The extracted flow is different for each extraction well in order to achieve the
]E ZK/W }us iirio u 8§ G+ *s U }us 6 u s E- "s
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4.4 Off gas Treatment

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

The replacementf the GAC is scheduled based on the routine monitoring of VOC at t
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®Z }((rP « SE Su vS)
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4.5 Control parameters

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

The PCE concentration decreased of 1 to 2 order of magnitude after 1 year of operalt
the system and now is less than 10 ppm. Soil gas concentrations achieved remediati
goal in all monitored soil gas probes.

116



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 mag
up to asymptotic concentrations. After the shutdown of the system soil gas and sul
sampling round was undertaken in order to verify the effectiveness of the SVE

operation; further sampling campaigns are planned biannually for 2 years to confiri
reduction of the contaminants concentration in soil gas.
Results of the first soil gas and sub slab sampling undertaken after shutting down t
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. ntact details - CASE STUDY: SYEn.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




2. Ste 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 industrig
activities, most of which are abandoned. In particular, there are hydrocarbon
management activities, dedicated almost exclusively to storage, as refining activitie
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 groundwyi
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 ri
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 ou
storage and sale of automotive fuels.
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2.2 Geological setting

the stratigraphic structure of the area can be schematized as follows:
{ from 0.0 to approx. 2.0 + 3.0 m depth: heterogeneous fill soil, with sandy
gravelly granulometry
{ from approx. 2.5 + 3.0m at about 5.0m depth: sandy silt and silt, cohesive
{ from 4.0 + 5.0m to 12.0m depth: sand, subjected to a silty level

There is an exchange between the superficial and the deep aquifer with an

underground water circulation. The structure of the aquifer is very complex:
pyroclastic and sedimentary materials that constitute it present continy
granulometric variations both in the areal and vertical sense.

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

Contamination affects both the unsaturated and saturated phase of the subsaoil.

120



2.3 Contaminants of concern

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

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

x Ethylbenzene 100 mg/kg

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

RANGE OF CONCENTRATIONS CONTAMINATION OF GROUND WATER:

dKd > ZC E} & }vdidii ...Plo
vi v iii .~®ib..Plo

d}op v io6-1.0RI0...PloO

§ZCo vi v itiiil.RPI®lo

d}% 0 A£Co V-0ifi... Ao

Dd Ai .-8800 ...Plo

X X X X X X

2.4 Regulatory framework

D.Lgs. 152/2006
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3. Rlot-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, consig
in:

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

{ a 200 L activated carbon filter for air;

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

{ step test at different air extraction rates, for each of which the monitoring
induced depression on wells, concentrations of VOG,aD® Q, both through
the wells monitoring, which exits the system.

The pilot test was conducted by inducing two different, corresponding depressieps
respectively at two different values of extracted air flow rates: the test began with a
flow rate Q1 = 450 fth and subsequently continued with a flow rate Q2 = 350hm

3.3 Radius of influence

In order to calculate the radius of influence, the distance at which the vacuum is 1(
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 draw
small cylinders with a high degree of activation of the Chemviron Carbon 207E 4
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 VOCai@0),
both through the monitoring wells, and at the outlet were evaluated. from the syste

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 v
close to those of the natural subsoil.

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

The test was interrupted after about 8 hours due to the temporary exhaustion of thg
polluting load.
A good response of the system was instead obtained from the variation of the oxyg
and carbon dioxide levels, which caused a decreasg an@an increase in GO his
data indicates a modest but continuous presence and action of indigenous
microorganisms, which oxidize organic substances by consuming oxygen and proc
water and carbon dioxide.

From the calculations carried out it was possible to evaluate the optimal operating
rate equal to approximately Q = 400°m, with a radius of influence for each ventilatig
shaft equal to approximately 12 m.
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4. Rull-scale gpplication

4.1 Extraction system

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

{

latn Nt Wate Wasn Wasn Wad Y

ot Wt

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

"water trap" (for condensation of the extracted vapolrs

200litres 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 gase
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 1(Q
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 carbor]
air based on mineral drawn in cylinders with high degree of activation of the Chem}
Carbon 207E 4x8 US mesh type.

Below is a description with the characteristics of the activated carbon:
Activation process = Steam;

Density = 0.46 gt;

Compacted material density = 0.50 g/cc;
Packaging humidity = 3% by weight;

Total specific surface (BET method) = 116@m
Ash content = 8% by weight;

Hardness = 97%,;

lodine index = 1000 mg/

Carbon tetrachloride index = 60% by weight;
Benzene index = 35% by weight;

[t N et Wt Wt W e W e W et W e W et W

the average concentration of volatile organic substances to be removed is about; 1¢
the plant has a capacity of 400°#n, the total amount of volatile organic substances
be removed is about 400 g/h per hour. Every 100 kg of carbon have an adsorbing
of about 10 kg of organic substance. The abatement system, therefore, consistin
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 functionit
the installed system, monitoring/maintenance visits are scheduled on a monthly ba
including I following works:
{ General maintenance of plants and calibration of installed systems;
{ Replacement and disposal, when necessary, of spent activated carbon;
{ Measurement of VOC, G@nd Q leaving the ventilation system and regulation
induced depressions;
{ Sampling of the incoming and outgoing air from the abatement system. Orgal
substances birds are analyzed on a quarterly basis for the entire duration of 1
remediation. The data is developed and processed using specialized softwar,

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

volatile organic substances analyzed: Benzene - Toluene - Ethylbenzene - Xylenes
MTBE and total hydrocarbons.

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

7. Additional information

7.1 Lesson learnt

In case of contamination even of the saturated one, a technology that is effectiy
both matrices (unsaturated and saturated) is preferable
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1. ntact details - CASE STUDY: SYEn.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.flaccavento@arpa.veneto.it

1.7 Phone number

+39 0422 558504




2. Ste background

2.1 History of the site

In July 2011, due to a road accident between a little van and a petrol tehkerof
unleaded gasoline spilled onto the road, affecting neighbouring land and some stret
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

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 alternatic
sandy silts and silty sand and then, till 8 meters depth, fine and medium gravel

sandy matrix.
The depth to ground water is approximately 2.%3neters below ground surface.

Below is reported the Shepard Diagram in which is collocated the types of soil of
surveys at different depth.

Shepard Diagram
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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, tol
xylene, styrene, MtBE (methylterbutyl ether), also mesaured in soil gas sampling f
well realized in to the subsoil.

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

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

Table 1. Max Concentration in surface solil for each CoC

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

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

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

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

3. Hlot-scale application in field

/1§ A ev[§ E o]l %]0}5 ¢« 0 %%oo]pladllv (}E §Z (po
Pilot test were realized after the installation of the full scale plant, before its full
operation.
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4. Rull-scale application

4.1 Extraction system

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

figures above.

Typical constraction scheme of an horizontal extraction well, view in plan and in s¢
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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
ortogonal the road, forward the house (line 2), as shown in the next figure.

In the following table are reported the technical caractheristics of the two linesf S

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 L1/ SVE L1B| SVE |SVE L2A |SVE

L1C L2B
Blind section Im 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
and the off-gas treatment system.

Once extracted, the contaminated vapor was dealed to a treatment unit, based on
activated carbon adsorption (see the sectido} (P « SE Su vS -

After the beginning test (explained in the following section) SVE system start
january 2018 and was stopped before soil testing, performed in march 2019, even
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 thrg
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 instrume
(zero adjusted - 0 Pascal);
recording of basic value;
pump start with all 5 extraction lines open;
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,
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 &
capacity of 250 kg each arranged in series. The details of each module are shown

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 an
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 sun
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 activate(
carbon.
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4.5 Control parameters

In order to continuously monitor emissions within the legal limits providelas 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 fror

soil gas wells, located near the soil vapour extraction line; the wells were realized i

couple, two surface wells (up 1 meter deep) and two wells to monitoring soil gas in

subsoil (up to 2.5 meters deep)

The following figure shows the concentrations in the wells before starting of SVE a

after some months of its functioning. The concentrations are also referred to the ta
}v. vSE S]}tve (]Jv SZE}UPZ E]Jelinthefigwep Ce]e ~N NZ

To collect soil gas sample were used stell canister or glasses bottle-vacuum (0.5 o
liter) with flow reduction to 50 ml/min. The soil gas chemical analysis were leaded \
the MassDEP-APH 2009 method.
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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 ca
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
samples (five for each probes) it has been verified the achievement of the legal lim
each contaminant of concern.

After this test two other soil gas investigation campaigns were carried out, to confir
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
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
ZYE]I}vE o A 00 Jves }( 8Zels.o o] _ A ES] o A

In addition, unlike what the current legislation provided, reference soll
concentrations were defined through risk analysis with the aim of assessing the pr¢
of the remediation system.

7.3 Training need

| think that it would be very important to create and maintain a continuous training,
only with webinars and workshops, but also with creation of technical guidelines, a
almost with training on-the job and sharing experiences with technicians from othe
organizations.
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7.4 Additional remarks

In this paragraph | describe the experimentation performed in June 2017 to monito
SE v }( }v vSE S]}v }( }vS u]v vSe Jv ¢}]Jo P X dZ]-
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:
x Evaluation of the comparability of different measurement methods
x Evaluation of the temporal variations on a sub-hourly scale of the Cov
concentrations in the aeriform matrices
x Evaluation of the relationships and possible differences between surface pro
and deep probe
X Possible indications of the possible perturbations induced by the sampling to
state of motion soil gas.
At the first, a high sampling frequency PID was installed in the deep proble, tivai
pressure differential trend was monitored in the surface probe.
A second Pid, identical to the first, was also installed for the measurement of volati
compounds in a free atmosphere. During this period, two campaign of soil gas san
were carried out, both with vacuum bottle and with dynamic flux chamber (in the fig
below).

In the same period it has been installed a micrometeo control unit composed by a:
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triaxial ultrasonic anemometer;
{ rain gauge;
{ thermohygrometer;
{ differential pressure sensors

Continuous field measurements
and laboratory analyzes of soil
gases showed daily variability in
concentrations; in addition, if #n
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

These experiments were carried
out thanks to Copernico srl (UD),
www.copernicon.itthe 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. Gontact details - CASE STUDY: SYEn.13

1.1 Name and Surname

Aldo Trezzi

1.2 Country/Jurisdiction

Italy

1.3 Organisation

Ramboll Italy S.r.1.

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




2. Ste 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 Chloromethang
The area of interest for the application of the SVE system is about 7,980dhis
impacted by mainly Chloromethanes both in the vadose zone and in the saturated

144



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:

{ Tetrachoromethane

{ Trichloromethane

{ Trichlorofluoromethane
Max concentration detected in unsatured soil:

{ - 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 m
between 2 and 3 meter b.g.l. and 23 mg/kg between 4.5 and 5.5 meter hajianl
law threshold concentration value (CSC) for Trichloromethane is 5 mg/kg, and als
risk concentration value (CSR) defined by the risk analysis for Trichloromethane i

mg/kg.

Max concentration detected in the groundwater (2009-2012):
{ - Tetrachoromethane : 170j1 ...Plo
{ - Trichloromethane: 29Q,i1 ...Plo
{ - Trichlorofluoromethane: 1Q,ii ...Plo

2.4 Regulatory framework

Clean-up goals for soil and groundwater were defined in the Risk Assessment, ar
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
the facility (SSTLs or CSR), groundwater quality at the end of remedial action mu:
comply with regulatory limits (CSC, much more conservative than calculated SST
the downgradient boundary of the site. Therefore, once reduced the concentratior
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
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 hae been applied to remediate the saturated zone.
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3. Rlot-scale application in field

3.1 Extraction system

Before the installation of the full scale system, a pilot scale application was performe
estimate the effective Radius of Influence (ROI) of each extraction well, operating Flq
Rate & Vacuum per each extraction point. The test system consisted in #4 SVE poin
(screened from 1 to 9 m bgl), # 4 Nesty Probes Points (each equipped with #zhidd lo
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at different depths), #1 vapour/water separator tank, #2 air blowers connected in par
~ Z 0o}A EW iAi ulzZ > 4W iAi@ié6i u EeV -1 PE vpo
connected in series (30Q0litres each) in order to remove the VOC from the vapour stre
before the emission in atmosphere.
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3.3 Radius of influence

Tests performed:
X n. 2 step vacuum test
X n. 5 long-term tests at constant vacuum
Results:
X -ROI' =9 +10 m (cutoff -2.5 Pa)
x - Flow rate each SVE ~ 130 mc/h
X - Vacuum @ SVE head: ~ - 30 mbar
Moreover:
X - n. 4 SVE points showed a good overlap of influence areas covered by each
X - granular activated carbon filters showed good removal of contaminants pres
in the extracted vapours
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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:
X 4W JvIi}ps o}A EV
x Vacuum at the wellhead of the suction point/points;
x Vacuum induced at the soil gas monitoring points (Nesty Probes) at different
distances and depths from the extraction well/wells;
x Flow rate of extracted gases;
x VOC concentrations before and after treatment;
x O,, CH, CQ monitoring at each SVE extraction and NP monitoring point befor
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 1
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;

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

{ Design flow rate = 2340 mc/h

{ EX 3 0o}A E ~06ii u lZ >-dadh)iii u E

x N. 4 Granular Activated Carbon filters (400Cekacht 2 duty/2 standby)
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4.3 Radius of influence

The SVE Full Scale ROI is in line with the result of the SVE Pilot Test: about 9-10 |

4.4 Off gas Treatment

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

4.5 Control parameters

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

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

{ Air flow and extraction rates

{ 4W JvI}ps o}A E<U A ppu ]v p § ]v Z s /[ES(

{ Temperature in/out blowers

{ VOC analysis before vapour treatment for each blowers

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

{ VOC analysis of the treated vapours
On a guarterly basis:

{ VOC, @ CH, CQ and vacuum induced at each SVE extraction and NP monitd

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 calcul
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 quatkigh CHCs mass removed fron
the unsatuated 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)
the Full Scale plant (August 2013 - January 2019), the SVE system removed abou
kg of CHE&

{ Tetrachoromethane: 3171 kg

{ Trichloromethane: 1814 kg

{ Trichlorofluoromethane: 253 kg
From the results of quarterly analyses of VOC content in the vapour extracted from
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
SVE system.
Following the achievement of the technological limit of the SVE application (asymp
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 sto
and confirmatory soil samples were taken which all showed CHSs concentrations |
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
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
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:
{ trend analysis of each contaminant monitored over time with respect to
initial baseline value.
{ 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.

Gossary of Terms

Term alphabetical order) Definition

VOC Volatile organic compounds (VOCs) are org:
chemicals that have a high vapour pressure
ordinary room temperature

CHCs Chlorinated Compounds

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




2. Ste background

2.1 History of the site

The site is an active railway area with 4 main tracks and some crossovers. Soil ang
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 concentratiot
soil and groundwater are exceeded for light and heavy petroleum hydrocarbons an
BTEX.
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2.2 Geological setting

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

2.3 Contaminants of concern

The contaminants of concern detected in soil:
x Total Petroleum Hydrocarbons fraction C6-C12: BDOD,600 mg/kg
x Total Petroleum Hydrocarbons fraction CZ25:BDLt 40,000 mg/kg
X Toluene: BDlt 57 mg/kg
x Ethylbenzene: BDL426 mg/kg
x Xylenes: BDI 1,240 mg/kg
The contaminants of concern detected in groundwater:
Total Petroleum Hydrocarbons fraction C6-C12: BBR90 mg/L
Total Petroleum Hydrocarbons fraction CZ35:BDLt 1,490 mg/L
Benzene: BDLE 0.5 mg/L
Toluene: BDIt 29 mg/L
Ethylbenzene: BDL76 mg/L
Xylenes: BDIt 200 mg/L

X
X
X
X
X
X
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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 wé¢
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 submittec
the Regional Environmental Agency, with the aim of remediatianhievement of soil
and groundwater standards. After few a years of remedial system operation (LNA
skimming enhanced with groundwater drawdown, and venting barrier on the outfl
the law in Poland has changed and the risk-based approach has been enpbein
Therefore, the application for remediation based on human health and environme
risk-assessment was submitted to the Regional Environmental Agency. The propt
remedial goal is to limit the migration of contaminated groundwater.
The SVE system is a part of venting barrier, consisting of air sparging (AS) sys|
soil vapour extraction (SVE) system. Due to close distance between barrier ang
building, the SVE system is operating to prevent potential vapour intrusion int
building.

3. Rlot-scale application in field

3.1 Extraction system

The main goal for the SVE system was to extract contaminants in the gas phase
area of air sparging system operation. Therefore, pilot tests were carried out o
injection wells screened in the aquifer. Since the geology of vadose and saturatet
is similar (fine sand along the whole profile), the radius of influence of extractios
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 t¢
of air sparging (AS) technology. The location of the test was based on future poten
venting barrier location. Distance between the injection well and monitoring points

between 1.6 and 2.5 m and it was adjusted due to the presence of underground ut
lines (i.e. power line, optic fiber, sewer system). The air was injected by a blower, t
depth of 1.7t 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 te
injection into one well and observations in 3 points). The observed parameters wer
groundwater level and pressure versus distance. A groundwater level increase of (
was considered as the boundary of the effect of AS well. Scheme of AS test is preg
below.
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3.4 Off gas Treatment

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

3.5 Control parameters

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

4. Rull-scale gpplication

4.1 Extraction system

The SVE system includes the following equipment: a metal container measuring 3
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 t
contaminated air.

The soil vapour extraction system consists of eleven 2-inch diameter horizontal we
screened at depth of app. 4.04.2 m bgs. The wells are combined with pipelines anc
work as two separate lines, set between two lines of air injectionswell

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

The air sparging system includes the following equipment: a metal container meas
3 m wide by 10 m long by 3 m high; 13 horizontal air injection wells; and one blowe
The AS system consists of thirteen 2-inch diameter horizontal wells screened at de
approx. 7.0t 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 interva
half an hour.

4.3 Radius of influence

Radius of influence (ROI) was calculated for the air sparging test (air injection into
well and observations in 3 points) at around 5 meters. The observed parameters w
groundwater level and pressure versus distance. A groundwater level increase of (
was considered as the boundary of the effect of AS well. Scheme of AS test is pres
below.
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4.4 Off gas Treatment

Activated Carbon Adsorption is used as treatment method for off gas. A vertical filt
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

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

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

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

x Contaminant concentrations and basic phgsichemical properties are measure
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 proceduresbefore the installation of full-scale system, the
hydrogeological data from 1-2 years of measurements (dependent on the loc
hydrogeology conditions) should be gathered and analyzed. It would help to
a situation of eventual groundwater level rise causing flow of the groundwate
into extraction wells (i.e. danger of equipment damage). And for the AS syste
would help to install injection wells to a reasonable and cost-effective depth.

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

3. regulatory aspectsit would be much easier to conduct pilot studies of propo
remedial technology before the submission of Remediation Action Plan (
Since after the entry into force of the new regulation, formally you should su
a RAP just after a contamination is acknowledged. Therefore, understang
most of the clients prefers to submit the RAP before field tests. Then, if fielg
results show a lack of effectiveness of the proposed technology, RAP sho
amended.
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7.3 Training need

Training would be recommended both for consultants (for better understanding of t
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 installatior

Workshops and presentations about case studies are an effective learning tool.

Gossary 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 Plant an official documen
submitted to the authority for approval

ROI Radius of Influence
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1. Gontact details - CASE STUDY: SYEn.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




2. Ste background

2.1 History of the site

The area in question is an active industrial production site that carries out engineel
activities and is located in Northern Italy.

The site was divided into three portions for different distribution and characteristics
the secondary sources and managed with different remediation approaches.
Unlike the other sites managed through reductive dehalogenation processes, the o
guestion provided for treatment through AS/SVE for the following reasons:

X in this portion there is no natural anaerobic degradation process of the
chlorinated organic compounds;

X the speed of the local water table is significantly higher than the other two so
areas (at least double) and would not allow an adequate residence time of th
injected substrate in the intervention area, effectively nullifying its effectivene

There are no specific protocols for the management of the site, but the control and
technical evaluation activities in support of the Municipality (proceeding administraf
appointed by the Region for the management of contaminated sites) are carried oy
ARPA. ARPA Lombardia is an environmental protection agency established in 199
deals with the prevention and protection of the environment, supporting regional ar
local institutions in multiple activities: from the fight against atmospheric and d@ous
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 le
as shown in the section below.

The hydraulic conductivity, in the portion of the site of interest is of the order of 384
m/s, resulting in a rather high water table speed, with flow direction from West to Ea
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,]
dichloropropane (DCP), cis 1,2-dichloroethene, 1,2-dichloroethane agdchiloride.
In detail, TCE, DCP and PCE are to be considered primary pollutants, as they wel
actually used in the production processes of the plant during the 1960s and 19805
while the other compounds are the products of the partial natural degradation of t|
previous ones.

The concentrations are very high, for some compounds in the order of mg/l. In
particular, at the time of the start of the treatment in question were recorded
maximum TCE values of 7.1 ug/l, DCP of 4 pg/l, PCE of 4100 pg/l and summatior,
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 ug/l, 0.15 pg/l, 1.1 pg/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. Rlot-scale application in field

3.1 Extraction system

The technique involved the combination of an air injection system at the bottom of
saturated area, Air Sparging (AS), and a system for extracting the vapours producs
Vapour Extraction - SVE).

In detail, the first is aimed at stripping volatile contaminants present in groundwate
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 SV
system in the atmosphere following appropriate treatment.

The pilot scale tests were carried out in the period between April 2008 and June 2(
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-
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 unsaturate
state, and in the groundwater taken from the wells in the saturated state.

At the end of the pilot plant, quantities greater than l.q. only for TCE anddxpiessed
in mg/l) were found in waters, while the other chlorinated compounds possibly pres
showed negligible concentrations.

From the data found in the extracted gases it emerged that:

{ the extraction of vapour phase contaminants from the SVE wells from the
unsaturated soil was efficient and allowed the achievement of concentrations
chlorinated compounds in the vapours of up to 1 §/m

{ the quantity of extracted contaminants is significantly greater in the deepest
unsaturated wells among those used, that is, in those cracked near the capill
fringe compared to that of the more superficial wells;

x - the contaminants present in the extracted vapours essentially come fron
stripping of groundwater and not from the presence of contaminants in
unsaturated zone; in fact, in the absence of compressed air injed
concentrations of contaminants were found to be considerably lower in
interstitial vapours than those detected with the AS system on.
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4. Full-scale gpplication

4.1 Extraction system

4 SVE wells were used and installed in the unsaturated domain, of which 1 was ex
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 imm
vicinity of the saturated domain.
The figure shows the plan of the AS/SVE system built on the site. In it are indicate
{ in blue the wells connected to the AS plant (the PAS1S-1D pair had been us
the small-scale intervention);
{ inred the wells connected to the SVE plant (SVEFT3S was used for the pilot
{ in green the piezometers that are planned to be used as water monitoring po

In detail, the SVE system consisted of the following components:
{ 1 centrifugal aspirator with 2.5 - 3 kW power, with a flow rate of 150/Nrmt a
depression of 120 mbar;
{ 4 steam extraction pipes from as many SVE wells;
{ 4 wellhead connections, designed for the measurement of air flows, depressi
and the taking of steam samples;
{ 4 butterfly valves to control the flow rates of each suction well;
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4 vacuum gauges;
4 valves for fine adjustment of the extracted flow rates;
1 manifold for collecting the suction pipes arriving from the wells;
1 dust collector filter for atmospheric air;
1 condensate separator, with relative booster pump;
1 activated carbon filter for condensate treatment;
2 activated carbon filters for air, connected in series and intended for the
treatment of vapours;
{ connection pipes, valves, various fittings, measurement and regulation sectig
pneumatic quick couplings;
{ command and control instrumentation (electrical panel in common with the Al
system) which allowed manual or automatic operation;
{ 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
In the event of operating anomalies, a GSM telephone dialer was arranged who co
send the error reports to specialized personnel able to restore the functionality of tf
system.
All quick-connect points have been prepared for taking steam samples and for inse
the following portable field instruments online:
{ digital or analogical vacuum gauges for measuring depression;
{ PID probes for indirect detection of VOC concentration;
{ anemometers for measuring the extracted airflow.

(ot Wt Wt W s W e W e N e

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 existin
n. 3 were newly installed, each capable of guaranteeing the injection for 5-10 minu
approximately 30 Nith of air at an injection pressure of at least 3 bar.
Approximately, for each sidey-side, a well has a depth of 25 m from b.gnd 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:

{ 1 rotary compressor (able to guarantee air flows of at least 70-100H\mh a

pressure of 4 bar, imposing a maximum pressure of 10 bar);
{ 1 storage tank for compressed air (volume 270 |), equipped with a 0-16 bar
pressure gauge and safety valve for venting overpressures;

{ 1 airtight compressed air delivery pipe to the distribution system, equipped w
pressure regulator (0-10 bar);
8 independent insufflations pipes;
8 wellhead connections;
8 analogical flow meters and 8 pressure gauges;
8 timed solenoid valves for air distribution in AS wells;
8 manual ball valves for regulating the airflow on the individual wells;
connection pipes, valves and various fittings, measurement sections by meai
float flow meters and flow regulation;
{ command and control instrumentation (electrical panel in common with the S

system);

{ 1 container housing the plant (shared with the SVE system).

[t Nt Wate Wasn Wasn Wad

Downstream of the storage tank, the compressed air passed through a de-oiler filte
equipped with a timed vent valve, which allowed the elimination of any oily conden
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 N#th of air into a pair of wells for a duration of B
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 subject
purification treatment with the following characteristics:

{ number of filters 2;

{ total filter volume 800 I;

{ quantity of GAC (granular activated carbon) 360 kg total;

{ filter section 800 mm

{ filtration speed 0.11 m/s

{ total contact time 14.4.
These characteristics, established on the basis of what was verified with the pilot s
test, ensured compliance with the limits set by Legislative Decree 152/06 for each
site-specific gaseous compounds.
The protocol provided for the replacement of spent activated carbon and its subse
dispatch for disposal/regeneration in authorized external plants to be carried out b
the reduction in the efficiency of the vapour treatment system would not a
compliance with the emission thresholds.
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4.5 Control parameters

The monitoring plan included:

{ monitoring of the vapours extracted from the SVE wells and entering/leaving
vapour treatment plant;

{ periodic inspection, maintenance, and adjustment of the AS/SVE system;

{ the collection and analysis of water samples, measurement of chemical-phys
parameters of the water (dissolved oxygen, redox potential, pH, temperature]
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
start-up of the AS system, a sample of vapours was taken from each of the suction
analyzed for chlorinated solvents, which constituted the "blank" as not yet influence
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 th
following figure.
The monitoring during the execution of the intervention took place on a quarterly bs
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5. Fhhancements to SYE

5.1 Pneumatic and/or hydraulic fracturing

Discontinuous operating periods of the plant have been implemented, as describec
6.1, in order to intervene on rebound phenomena and periodically evaluate the pla
cost/benefit effectiveness.
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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 t
greatest extraction of contaminants takes place are SVEFT7 and alternatively SVE
From the start of the intervention in July 2017, considering the total flow rate detec
on the delivery section of the blower and the concentrations detected, it was possil
estimate the mass of contaminants extracted during the execution of the AS/SVE
intervention equal to approximately 645 kg of organochlorinated solvents, consistir
mostly of PCE.

On the occasion of the monitoring in July 2017 it emerged that:

{ 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 909
the initial values, and in particular of PCE and TCE, emerged,;

{ even in the waters taken from the piezometers of the surface portion ef th
aquifer, a decrease in concentrations was found even up to over 90% of the
values;

{ in the waters of the G16 piezometer, located downstream from the interventig
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 limiteg
impregnation of the contaminants thus allowing their release over time. It way
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 th
concentrations detected in this piezometer, hydraulic containment was active
downstream to it;

{ overall, the concentration of contaminants in the extracted vapour stream
decreased significantly over time, but detectable concentrations were still pre
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 tO emerged over time and the asymptote condi
seemed to be reached in the intervention area.

In May 2018 and up to December 2018, the AS/SVE systems were therefore shut ¢
and new monitoring was carried out starting from the end of the following month. T
was thus an increase in concentrations in the groundwater of the intervention area
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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 s
months in order to allow further massive extraction of the contaminants present, ur
July 2019. The monitoring carried out following the reactivation of the plant certifies
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 folloy
the reactivation of the system, still significant concentrations of chlorinates in the P
and PZ2S piezometers.

The AS/SVE intervention was deactivated in July 2019 and a new monitoring took
6 months after the shutdown.

Overall, the removal of approximately 660 kg of PCE has been estimated during th
operating period (2013-2020), with a decreasing trend over time.

In 2020, the authorities accepted the request to shut down the system because fro
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 fac
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 contrc
piezometers provided for the area is completed, and then for another 2 years every
months.
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7. Additional information

7.1 Lesson learnt

The remediation intervention allowed the removal of part of the contaminants, but ¢
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 hydrogeologid
characteristics of the site have reduced the effectiveness of the scheme, in particu
the fine lithology of the area (peat, silt and clayey sand) and for the scarce subside
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 subseque
removal.

It could have been appropriate to undertake an evaluation of the behaviour of the j
both for the purposes of designing it and predicting its behaviour, also to optimi:
management, by means of a two-phase numerical modelling simulation, v
considered the behaviour of air and water in the aquifer, evaluating the phase pa
of pollutants over time and as a function of air injection/gas extraction, suc
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) ¢
legal boundary of the site derived from the application of groundwater transport mg
used for the Risk Analysis. In detail, the reclamation limit concentrations were calc
using the Ogata Banks model, both for the deep aquifer and for the superficial aqu
applying the appropriate values of the hydrogeological parameters for each, obtain
through dedicated calibration.

The following table summarizes the concentrations (ug/l) admissible at the end of t
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 identificg
of the achievement of the asymptote (verified by evaluating the analytical results oi
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.
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7.3 Training need

There is a need for specific training for more in-depth design assessments, such aj
use of two-phase numerical models to design and manage an AS/SVE system ade
and in a site-specific manner.

7.4 Additional remarks

Here are some indications on costs:

Gossary of Terms

A glossary will help a you to maintain the level of precision necessary for keng &@nd maintain
}veleS v C E}ee SZ 8§ ASX t (}uv }HUS SZ S e}u SJu * & EAUFZ S <}uv
VvV "%} 00 u38used inGhe same way as synonyms in some country, while in other they different

meanings (due to legislation or for other reasons). So fill in this glossary for yowldmgnts 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

VOC Volatile organic compound
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1. Qontact details - CASE STUDY: SYEn.16

1.1 Name and Surname Confalonieri Massimiliano

1.2 Country/Jurisdiction Italy

1.3 Organisation Pvi] ZP]}vo % E o WE}S I
(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




2. Ste background

2.1 History of the site

The area in question coincides with a discontinued fuel point of sale (classified as i
unhealthy 2nd class industry pursuant to the Municipal Hygiene Regulations), locat
along Via Lorenteggio in Milan in a city context with mixed tertiary, commercial ang
residential use.

The site is identified by map 18 of Sheet 505 of the NCT of the Municipality of Mila

The site does not fall within the perimeter of a SIN and is not affected by any proto
stipulated with the PA.

The plant was located in an area owned by a third party, used with a lease agreem
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 (n
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 se
fuels requested by the managing oil company (with a note dated 03/24/2011) appr¢
by the Municipality of Milan (with note prot. 266874/2011 of the Ufficio Carburanti ¢
Settore Attuazione Mobilita e Trasporti), ceased all activities in 2011.

The site was therefore subject to cleaning and inerting the tank fleet, with intervent
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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 A
The results of this preliminary environmental check have shown that the reference
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 mair]
sandy matrix. In detail, the lithological sequence found can be summarized assfollo
{ mixed material - Mixed material, essentially consisting of medium sand with t
presence of gravel and pebbles that extends from O m from ground level abo
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 ¢
aquifer with high permeability, contained within the alluvial deposit with gravels. Th
measurements of the piezometric levels performed during the characterization pha
indicate an average groundwater depth of about 8.00 m from the p.c., i.e. a water {
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
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 w
table, which shows a prevailing flow direction towards ESE and an average hydrau
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%fsec.

The contamination detected was in the deep soil (SP), starting from the level of the
basement level of the underground tanks (about 4 - 5 m from the local p.c.); the loc
water table was also contaminated.
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2.3 Contaminants of concern

The preliminary environmental investigation phase (IA), carried out at the same til
the removal of the tank park, concerned: walls and bottom of the excavation resul
in the removal of existing tanks on site, bottom of the resulting excavation after th
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|
Pb and MTBE.

The results of the analytical assessments were compared with the acceptability lif
(CSC) set by current legislation (in particular table 1, column A of annex 5 to title
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 mathx
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 Pal
of Legislative Decree 152/06, the communication of which was made in advance |
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 apprg
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 exceed:s
A of Tab. 1 of annex 5 to Title V of part IV of Legislative Decree 152/06) for paran
C <12, C> 12, BTEXS (benzene, toluene, xylenes, ethylbenzene) in the unsaturat
matrix and for the parameters (Tab. 2 of Annex 5 to Title V of Part IV of Legislativ
Decree 152/06) total hydrocarbons n-hexane, benzene, xylenes in addition to MtE
and EtBE (with reference to the values indicated by ISS, used at the time, not beil
regulated at that date) for the local groundwater matrix.

Pending the continuation of the procedure, an intervention by MISE was activatec
implemented through a system for the extraction of water from the local groundwe
(the discharged water was initially collected and disposed of as liquid waste, awai
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 t
Services Conference and then authorized by the Municipality of Milan.

2.4 Regulatory framework

latn N et Wt Wt Wt )

[t Wt Wate Weasn Watn W )

A>Tv 'u]l N &  §}] /v s- Brdbaddy, MilAW Aprd004;
Law 9 December 1998, n. 426;
Legislative Decree 11 February 1998, n. 32;
Legislative Decree 3 April 2006, n. 152 "Norme in materia ambientale";
> P]eo 3]A & i0:vp EC Ti16U vX 0 "hos E]}
integrative del decreto legislativo 3 aprile 2006, n. 152 *;
Law 28 January 2009, n. 2;
Legislative Decree 3 December 2010, n."205
Law 9 August 2013 n. 98;
DM 31/2015
D.G.R. Lombardy 10 February 2010 n. 8/11348;
ISPRA (formerly APAT), October 2010 "Protocollo ISPRA-INFKRESk) per la
A ops 1]}v o E]e Z]} e} ] 8} oo[]Jvoli]llv ] A
aperti e confinati nei siti di bonificaRev.0";
ISPRA (formerly APAT), June 2009 "Appendice%6 % 0] 1]}v oo V
Rischio ai Punti Vendita Carburant] @&]S &] u S} }o}P] ] % &
oo[ v o]e] ee}jous ] E&J]e Z]} ] *]S] }vsS u]v S]—

ISS/ISPESL database (update 2018);
ASTM E208%-4 ~7iideU "8 v E 'p] - (JEELF-IS]A S]
ASTM International
APAT, June 2008 "Documento di riferimento per la determinazione e la
validazione dei parametrisite% ](] ] ns]o]il 8] v 00[ %o %00]
rischio ai sensi del D.Lgs. 152/06";

W dU D E Z 7116 — E]S E] u S} }o}P] ] % E o[di%
rischio ai siti contaminati rev. 2".
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3. Rlot-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 hydrogeologica
upstream groundwater) and a joint intervention of air sparging (AS) and soil vapou
extraction (SVE) on unsaturated soil.

In order to assess the applicability) of the AS (Air Sparging) technologies for the ag
and SVE (Soil Vapour Extraction) for the unsaturated soil to the site under examing
pilot tests of AS and SVE were performed.

These results showed that neither the introduction of air into the groundwater nor t
extraction of air from the subsoil have significant effects on groundwater levels at t
design flow rates of the plant.

On the scale of the pilot test, n. 4 points for the execution of the Soil Vapour Extrag
test were prepared by core destruction perforation and pushed to a depth of 6 m frg
the local p.c., thenep] % % A]S3Z T WS %o]% ]vP X

In order to assess the applicability of the SVE technology to the site in question an
determine the range of action induced in the ground by the suction of air, a step tes
was conducted by placing a point in suction and using other wells as monitoring pc
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3.2 Injection system

In the pilot scale application, specially drilled wells were used (boreholes pughteds
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).
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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
interstitial vapours extracted from the subsoil, activated carbon cartridges for air we
used.

The extraction of unsaturated air at point SVO1 induced, at the maximum flow rate
(80 ni/h), a depression of the order of 15 mbar at the suction point and a maximur|
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 SVO1, with maximum values of t
order of 300 ppm.

Considering, in accordance with the industry guidelines, the value of 0.25 mbar as
minimum significant depression to have an influence on the suction side, it is @ossi
establish a range of action of the SVE, at the maximum tested flow rate, between 2
3m.

In order to verify the applicability of the AS technology to the site under examinatio
determine its range of action and verify the combined effect AS + SVE, a step test
carried out to blow air inside point ASO1, using points SV02, SV03, SV04, AS02, P
PZ01 to monitor the test parameters. In the combined test point SV01 was placed
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suction, with a constant flow rate and set by determining the flow rate steps of the
introduced in point ASO1.

A second test carried out on AS and SVE kept the flow of air extracted from point §
constant, while in connection with point ASO1, flow rate steps of injected air were s

At the end of the SVE tests, exploiting the oxygenation of the soil induced by the re
of air, a BV test was performed by monitoring the indicator parameters of any poss
bacterial activity capable of decomposing the hydrocarbon components.

The parameters used for the dimensioning of the SVE system were chosen accord
the results of the pilot test, which can be summarized as follows:

{ Calculated radius of influence, ROI: 2.7 m from the vapour extraction point;

{ Depression applied to each point SVE, PEa: from -10 to -20 mbatr;

{ Extraction rate for each SVE point, QEa: about 7&/INm

From the results of the pilot tests and from the definition of the Conceptual Model ¢
the site, the parameters for calculating the duration of the remediation were define(
{ Extraction rate for each SVE point, QEa: about 7&/fNm
{ Airinlet pressure at each point AS: Qla: about 300 mbai/tNm
{ VOC concentration entering the remediation system, Ci: 430 mg/Nm
{ Estimated volume of the source of contamination, V: 800 m
{ Concentration of contaminants in the source of contamination, Cc: 8802 mg/l

The overall duration of the reclamation of the subsoil was estimated in the project i
order of 3 years.

3.4 Off gas Treatment

For the pilot plant, a capture system was used consisting of activated carbon cartri
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 variation
VOCs (volatile organic compounds) using a portable PID photo ionizer and estimat
triggering of bacterial activity in the soil by evaluating the variations,@mn® CH.
To assess full-scale applicability, the following were measured, as the operating flc
rates vary:
{ extraction flow, depression and VOC concentration on the air extraction line.
{ depression and VOC concentration on monitoring points
In the AS and combined AS and SVE test the following were monitored:
{ inlet flow rate and pressure on the air inlet line
{ extraction flow, depression and VOC concentration on the air extraction line.
{ VOC concentration, temperature, dissolved oxygen and groundwater level at
monitoring points during the first test
{ depression and VOC concentration on the monitoring points during the secof
test

First test results
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Second test results
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4. Rull-scale gpplication

4.1 Extraction system

The number, spatial location, and construction characteristics of the vapour extracti
points were defined in consideration of the ROI determined through the pilot tests, tl
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 accordil
the results obtained from the pilot test; in particular, the following project parameters
were assumed:

{ Calculated radius of influence, ROI: 2.7 m from the vapour extraction point;

{ Depression applied to each SVE point, PEa: from -10 to -20mbatr;

{ Extraction rate for each SVE point, QEa: about 7&/fNm

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 R&Cnith a
diameter of 2", installed at a maximum depth of 9 m from the ground level (inqodeti,
some SVE wells were built up to 9 m deep and with a filter section between 7 and 9
from the local ground level; some SVE wells pushed up to 7 m deep and wih a fil
section between 5 and 7 m from the local ground level; some SVE wells pushed nmp
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
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 phase
u ve }( A} JEIA S E » % E S}E* ~*}v ve § SE %o _

The condensation water accumulated inside the separators, if necessary, can be su
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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SVE system operation diagram
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Remediation systems layout
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4.2 Injection system

In the full-scale application, atmospheric air was used as a carrier gas and the syst
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 correspondenc
with the vapour extraction wells created/positioned in order to treat specific portion
unsaturated subsoil, favouring the desorption of the contaminants from the solid ph
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:

{ BLOWER 1 - afferent to 8 steam extraction points, capable of reaching a
depression between200/-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 abg
70 Nm/h;

{ BLOWER 2 - afferent to 7 steam extraction points, able to reach a depressio
between 200/-250 mbar, for a total flow rate of about 500 Nim, so as to
guarantee an equal air flow for each extraction point at approximately 7&/tNm

The blowers, each connected to a group of suction points, work individually alterna
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 tf
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 remoy
from the separators by means of special booster pumps and sent to a water treatm
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 sen
the air handling unit.

To reduce the pollutants present in the extracted interstitial gases, a pair of filters ii
series with granular activated carbon was installed.

The treatment unit has also been provided with arrangements that allow the filters
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 g
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
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, ches
were carried out during the start-up phase of the plants and subsequently with peri
checks.
The reclamation plant and the state of the sites were periodically subject to visits a
at:
{ verify the correct functioning of the systems;
{ perform routine maintenance of the system;
{ schedule any extraordinary maintenance interventions;
{ monitor the operating parameters of the plant and possibly remodel the
adjustments;
{ check the quality of the flows entering and leaving the water and air treatmer
system.
Before starting the plant, or aty,Ja 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 o
operating parameters (extracted/injected flows, pressures/depressions, etc.) and th
simultaneous monitoring of the subsoil response (concentration of VQECEQ 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
days:

{ relief of depressions in the vapour extraction points and on the manifold;

{ survey of the VOC concentrations and the volumetric percentages anddCQ

in the vapour extraction points;

{ survey of the concentrations of VOCs entering and leaving the air treatment
system;
measurement of extracted flow and injection rates;
pressure relief at the injection points;
piezometric survey in correspondence with all wells/piezometers installed on
measurement of chemical-physical parameters with particular reference to
dissolved oxygen (OD).

[t Nate Wate WadeY
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The set-up took about 10 days and ended with the testing of the air treatment syst¢
by sampling and laboratory analysis of the vapours entering and leaving the syster

The above analytical results allowed to validate the use of the portable photo ioniz¢
(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 systg
(extraction/injection flow rates, pressures/depressions, VOg--C0) 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 cleat
etc.) and, if necessary, extraordinary maintenance (replacement of activated carbo
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 ventilat
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
hydrocarbons.

For this purpose, periodic respirometric test campaigns (every six months) were ca
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 o
eC+3 ue[ A v3]o 8]}vU Jv }JE &E 3} A op 3 E} ] 314
In practice, once the system is turned off, the oxygen present in the interstitial gase
tend to be consumed more rapidly the greater the aerobic biological activity presen
the contrary, the concentrations of carbon dioxide will tend to increase more rapidly
more intense the aerobic biodegradative activity is in place.
On the basis of the data collected, it is possible to estimate average biodegradatiot
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
before the issuance of the Ministerial Decree 31/2015 and the National Guidelines
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 whe
concentrations of pollutant compounds adsorbed to the deep soil and dissolved in
groundwater reach the relative CSR values set out in the following tables:
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The project envisaged that the remediation testing would be required when, for thre
subsequent monitoring, compliance with the remediation objectives for groundwate
determined by the Site-Specific Risk Analysis and Compliance (CSC) was foerRb&l
and at the same time the SVE plant had extracted zero VOC concentrations for a |
of at least 3 months.
Upon verification of the above conditions, 3 monthly on/off cycles of the groundwat
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 dde
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
shut down, the SVE plant extracted an average flow rate of interstitial gases from t
subsoil equal to about 12,000%day.

In the same period, the AS plant, by means of a side-channel compressor, had blo
atmospheric air into the saturated subsoil with an operating pressure of about 0.3 |
and an average flow rate of 240°fn.

From August to October 2018, the SVE and AS plants operated intermittently to all
the implementation of the reclamation test plan.

The duration of the reclamation of the subsoil was estimated at about 3 years, with
start-up of the plants on 27 July 2015. The operation of the reclamation plants emd
July 2018.

In the subsequent period up to January 2019, the testing activities of the environmq
matrices of the subsoil were carried out. These showed compliance with the
remediation objectives for groundwater and unsaturated soils in the seath-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 ve
over time through the monitoring of the groundwater).

The outcome of the testing on unsaturated soil, implemented as per the approved {
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 contrac
show the failure to achieve the remediation objectives for the hydrocarbon parame
C> 12 in a sample taken in the depth range between 5 and 6 m from the locéhp
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 objective
the hydrocarbon parameter C> 12 only in two samples taken both in the same vert
survey verified by ARPA, one between 3 and 4 m deep from the local p.c. (with 88(
mg/kg, compared to the CSR of 117.7 mg/kg) and one between 5 and 6 m of deptk
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 i
unsaturated soil. The south-east sector of the former PV shows the achievement o
concentrations lower than the reclamation objectives, while in the center of the site
residual concentrations were determined in Heavy hydrocarbons C> 12 exceeding
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 fr(
unsaturated subsoil with the SVE plant and the weak biodegradative activity deterr
with the respirometric test showed that the remediation systems, consisting of an S
AS and P&T plant, have exhausted their effectiveness in cleaning up contaminatio
Faced with this evidence, it was proposed to launch a soil gas monitoring campaig
the site to measure the real flow of volatile substances present in the subsoil in ord
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
use some of the existing SVE wells for the soil gas monitoring network. In view of t
observations made by ARPA (which assessed the dimensions and depths of the fil
sections of the proposed SVE wells as non-compliant with the specifications of the
SNPA), the installation of 3 soil gas probes of the "nesty probe" was therefore prop
The monitoring activities of the soil gas matrix, which will be carried out for an annt
duration with seasonal campaigns (quarterly sampling), will be used to obtain direc
data to be used for a review of the risk analysis.
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Dirigente RUO BARAE
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1.6 Email address

m.confalonieri@arpalombardia.it
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+39 335 531 8045




2. Ste background

2.1 History of the site

The site covered by this questionnaire is known as EX BRENNTAG DEPOSITO ar
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 ot
Accident subject to Legislative Decree no. 105/2015 called "Seveso Ill Decree".
The deposit initially covered only a limited part of the current surface and consisted
10 vertical 30 mabove ground tanks, located along the southern border, and 11 (pl
installed after a few years) buried tanks of 3®each. (some of which divided into twg
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 store
were the following:

{ Underground tanks: dichloroethane, MEK, Acetone, Ethyl alcohol, Methyl alc
Isobutyl acetate, Ethyl acetate, IPA, Heptane, Octane, Toluene, Hexane,
Cyclohexane, Trieline, Tetrachloroethane, Sulphuric ether, Solvent naphtha f
petroleum, THF, MIBK

{ Above Ground Tanks: Ethyl glyd®tyl glycol, Ethylene Glycol, Propylene Glyc
Propylene Glycol USP, Methyl glyddéthyl glycol Acetate, Cyclohexanone and
Cyclohexanol

The deposit has undergone various modifications over the years; was expanded in

214



(10 tanks of 50 rhabove ground), in 1974 (25 tanks of 5&umderground) and in 1985
(7 tanks of 50 rhabove ground, 6 horizontal tanks of 58 above ground (subsequent
demolished) and 1 tank of 100°morizontal above ground) when it has reached the
maximum storage capacity.

Over time, phthalates, n-paraffins, dichloropropane and various types of esters hay
been added to the products mentioned. In the mid-1990s, however, chlorinated
products were eliminated, with the exception of dichloropropane, which wasimgdited
at a later time.

It should be noted that in the mid-1990s some above ground tanks located along tf
border of the site with the Guisa stream were removed and in 1998 the undergrour
tanks arranged along via San Gottardo, to the left of the entrance to the industrial
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 i
characterized by a sub-flat morphology, with topographic altitudes degrading towarg
South, linked to fluvioglacial and fluvial deposition of the Quaternary age. The
morphological structure of the territory consists of extensive fluvioglacial plains. To t
south of the industrial site, the Guisa stream flows eastwards. The site insists on
Postglacial Unity (Upper Pleistocene - Holocene), consisting of fluvial deposits with
alteration profile and poorly developed soil, less than one meter thick. From a lithalg
point of view, the deposits are generally made up of slightly silty sands, with intersp¢
gravels with a clastic support or a sandy matrix, generally loose.

In the area under examination, the hydrogeological units follow one another, from th
most superficial to the deepest, according to the following scheme:

Aquifer Group A consisting of deposits in high-energy braided fluvial facies. Litholog
it is mainly composed of coarse gravelly-sandy sediments with a medium-coarse sa
matrix with subordinate sandy intervals from medium to very coarse, with high poros
and permeability; locally there are decimetric levels of clay and silty clays andrisoriz(
consisting of cemented and conglomerate gravels. The thickness varies frormaumini
of 26-30 m up to a maximum of 40-45 m and its lower limit is placed in correspande
with the first truly continuous clayey levels;

Aquifer Group Bconsisting of deposits in braided fluvial facies. Lithologically it is ma
composed of coarse sediments represented by medium-coarse sands, pebbly sand
gravels with a sandy matrix with high porosity and permeability; downwards the
granulometry of the sediments decreases and the cemented horizons (sandstones &
conglomerates) and the levels of fine clayey-silty sediments become more frequent.
overall thickness is around 45 m on average with minimum values around 35 m and
maximum values of 55 m.

Aquifer Group Cconsisting 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 thicknes
unknown as the lower limit was not reached by the drilling of the deepest welh&in
area. In the permeable levels there are intermediate and deep aquifers, of the confir
type, whose vulnerability is mitigated by the presence of continuous clayey layers ol
roof, but connections and feeding by the highly vulnerable upper free aquifer cannot
excluded.
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The aquifer groups A and B described above are the seat of the main free-type or Ic
semi-confined aquifer, characterized by subsidence around 20-30 m from the groun
level, traditionally captured by the collection wells for drinking water purposes of old
construction and from private wells (information taken from the document "Componé
geologica, idrogeologica e sismica del Piano di Governo del Territorio" of the Mutyic
}( }oo 3 U E Av p% ]Jv 1iii C 8Z ~28u ]}/ E}P }3 v]

Specifically, in the area in question, it is possible to identify 2 distinct layers, separat
from each other by a clay lens placed at a depth of 20 m; the static level of the surfa
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aquifer is around 8 m deep.

The image above shows the isopiezometric map drawn up in 2014 (the static levels
measured on 28/02/2014) for the additions to the site characterization plan; we dedl
that the direction of the water table is NNE2tU A]§8Z P& ] vs }( 1}ps
figure shows the 7 piezometers that make up the monitoring network and which wer
grounded in 1994.

The characteristics of the monitoring points are summarized below:

ID | Diameter - inches | Depth - m | volumetric flow (19/03/2014) - I/s
S1 o_ 20

S2 0_ 15 0.5

S3 0_ 20 0.2

S4 0_ 185

S5 o_ 18 0.4

S6A T_ 20

S6B [ 38

The S2, S3 and S5 piezometers are equipped with submersible pumps for the con
pumping of water; these piezometers are part of the Pump and Treat (P&T) system
has been active since 21/09/1994. The plant consists of:
{ a 30 nf tank for the collection and homogenization of the water extracted from
reclamation wells;
{ a stripping tower for water purification;
{ two activated carbon filters, with 80 kg carbon load, positioned in series, fo
treatment of gases coming from the stripping tower;
{ two activated carbon filters (4,000 kg + 1,000 kg approx.) for the treatme
wastewater leaving the stripping tower;
{ a sand filter (approx. 1,000 |) to protect the activated carbon filter for w
treatment.
The plant is also designed for the collection and purification of rainwater.
The treated water is discharged into the Guisa stream, which flows immed
downstream of the area.
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2.3 Contaminants of concern

The site is characterized by contamination by chlorinated solvents, affecting both
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 (i
blue). During the characterization activities, two additional piezometers, 2" each,
respectively about 20 m deep (identification code S7A) and 40 m (identification cq
S7B) were installed with the aim of creating a monitoring point of the surface wate
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table ( S7A, to be compared with S6A) and a monitoring point of the deeper aquifi
(S7B, to be compared with S6B). Each bore reached a depth of about 6 m from g
level and for each of them 3 soil samples were taken, one of superficial soil (betw
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 corresponde
the C8 survey, both for the superficial and deep:so
K surface soil (sample taken between 0.2 and 1 m from bw): Hydrocarbons ¢
Benzene and Tetrachlorethylene
K deep soil (sample taken between 2.3 and 2.7 m from b.c.): Trichloromethan
Trichlorethylene.

The maximum concentrations measured (taken from the Operational Remed
Plan, presented in December 2015) are shown in the following table.

Contaminants Maximum concentrations (mg/kg)
Hydrocarbons C <12 2,120

Benzene 411
Tetrachlorethylene 50.7
Trichloromethane 10,536
Trichlorethylene 26,076

It has been estimated that the contamination affects an area of about 2)0ocated
at a depth of 5 m, for a volume of about 1008.m

As regards groundwater, both the most superficial and the deepest aquifers prese
contamination by chlorinated solvents, but with significant differences in the
concentrations of PCE (main contaminant) which are lower in the deeper aquifer \
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 152/0f
1, Col. B (intended industrial use).
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3. Rlot-scale application in field

3.1 Extraction system

In the area reclamation project and related additions, the construction of an SVE (§
Vapor Extraction) treatment plant was proposed, in the area around survey C8,
characterized by the presence of soils contaminated mainly by chlorinated solvents
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 :
points of extraction of the groundwater, which are then sent to a treatment plant. T
system will remain in operation also during the SVE/AS treatment.

Between 9 and 10 November 2016, the drillings were carried out for the preparatio
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) shov
problems and, consequently, on 2/12/2016 a second SVE point was made to repla
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 fi
are summarized in the following table:

Point well Diameter Depth (m) | Screen (m)
SVE and SVE old | 40X40 T_ 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) t
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
Sparging test (AS) and the MAS points, used as groundwater monitoring during the
tests.
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The following table shows the stratigraphy of the SVE point.

Depth (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
300400 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 belo
aspiration system equipped with an activated carbon filter consisting of a rotary blg

regulation valves and vacuum-tight pipes.
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The pilot test was performed by sucking air from the SVE point and monitoring
field instruments, the following parameters:
{ VOC (volatile organic compounds) of interstitial gases with the use
Portable Photoionizer (PID);
{ concentrations of oxygen, carbon dioxide, Lel (Lower Explosive Lim
interstitial gases with a portable IR instrument;
{ depressions induced by the rotary blower with a digital pressure g
(thermo anemometer).
The parameters were measured at the monitoring points arranged around the su
point at distances varying between about 2 m and 8 m from the central point
following table shows the name of the monitored points and the distance from the
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 ord
identify the flow rate to be used in the constant flow test. The constant flow test
then carried out and lasted for 5 hours, in order to verify the trend of the paramate
the subsail, following the activation of an SVE system. The rotary pump was sei
average flow rate of 47 mh/

The parameters measured at the extraction point and at the monitoring points
summarized in the following tables.
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The missing data are due to the presence of condensation in the pipes that did not
the use of the instrumentation.
Data analysis:

{ the Pid highlights the increase in values at the SVE point and the simulta
decrease in the monitoring points, in accordance with the recal
contaminants at the suction point;
the Lel decreases in all points;
oxygen stabilizes at 20.9%;
carbon dioxide shows a tendency to decrease over time;
the depressions show a greater response to pumping in SGS2 than in
closer to the SVE point, probably due to the conformation of the subsoil i
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
at the beginning) to approximately 70 mc/h. With this capacity, considering wHh
highlighted by the data, the effects of the vacuum induced by pumping can be obs
in the control points SVEold, SGS1 and SGS2 while the point SGS3 does n
variations. The range of influence, therefore, is between 4 and 8 m.

(ot Wt Wt Wt

3.3 Radius of influence

During the pilot test, performed by sucking air from the central point called SVE, th
induced depressions in the monitoring points, called SVEold, SGS1, SGS2 and SC
measured and arranged as illustrated in par. 3.1. The effects of the vacuum induce
pumping are observable in the control points SVEold, SGS1 and SGS2 while the p
SGS3 shows no variation. The range of influence, therefore, is between 4 and 8 m

225



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 v
field instruments:
{ VOC (volatile organic compounds) of interstitial gases with the use of a Portg
Photo ionizer (PID);
{ concentrations of oxygen, carbon dioxid&L{l ower Explosive Limit) of
interstitial gases with a portable IR instrument;
{ depressions induced by the rotary blower with a digital pressure gauge (therr
anemometer).
The recorded data made it possible to identify the air permeability of the soil and th
range of influence of the suction system sized for a suction point.
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4. Rull-scale application

4.1 Extraction system

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
equal to 4 m for the SVE point; consequently it was decided to equip two points for tl
extraction of vapours, namely the point called SVE and the point called SVEold. Dur
work, specific calibration tests will be conducted in order to set the optimal configura
for the system.
The SVE and SVEold extraction wells made have the following characteristics:

{ drilling up to 4 m deep;

{ Jved 00 3]}V }( %] I}Ju 8 E ~ ] usd8 Ei U % &aAndt L

4 m from the ground floor;
{ cementation from p.c. at -1 m;
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{ installation of calibrated siliceous gravel froth m to t4 m from p.c.
The wellhead of the vertical intake is connected to the manifold, mounted at the plan
box, which is connected to the separator and subsequently to the aspirator and filter
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 contr
points (SVEold, SGS1, SGS2 and SGS3) the influence range is between 4 and 8 n
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 i
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
system and sampling of interstitial gases has been prepared.

With regard to the monitoring of the plant, a fortnightly frequency of checks has be
established during the first 2 months of activity, monthly up to 6 months, and quartg
up to 12 months of plant activity. During the checks, measurements of the main flo
parameters of the system are carried out with field instruments capable of determir
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. Or
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
the project.
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5. Fhhancements to SYE

5.1 Pneumatic and/or hydraulic fracturing

As mentioned above, an AS (Air Sparging) plant was associated with the SVE for t
treatment of groundwater underlying the site. The plant consists of a piezometer, f(
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
9 m from the first one for the introduction of air, as monitoring points. The latter we
carried out at the points provided for the monitoring of soil gases (SGS), within the
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 plz
and 4 samplings during the remediation.

For the sampling of soil gases, activated carbon vials are used for the determinatio
<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 &m pl
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
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.

Gossary of Terms

Term alphabetical order) Definition
SIN Contaminated site of national priority list
PA public administration
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1. Gontact details - CASE STUDY: SYEn.18

1.1 Name and Surname

Massimiliano Confalonieft Valter Meda

1.2 Country/Jurisdiction

Italy

1.3 Organisation

Pvi] ZP]}vo % E o WE}S I]
(ARPA) della Lombardia

1.4 Position

Dirigente RUO BARAH ecnico UO BAE MIB

1.5 Duties

1.6 Email address

m.confalonieri@arpalombardia.it
v.meda@arpalombardia.it

1.7 Phone number

+39 335 531 8045




2. Ste background

2.1 History of the site

The area in question is located in the territory of the Municipality of Villasanta (Mon
and Brianza province), north of the Milan urban area and is geographically located
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 anchtedli
to the production of air conditioning equipment. Industrial production has ceased b
the site retains its industrial use and the area is occupied by commercial and/or log
activities.

The main production cycles concerned:

{ mechanical processing of metals;

{ oven painting with organic solvent paints;

{ electrophoresis painting.

Both painting processes, discontinued in 1994, were supported by a waste water
treatment plant. The main structures present were made up of:

{ a purification plant (decommissioned in 1994) with two masonry tanks, a sett
and a sludge drying tank;

{ athermal power plant, currently fuelled by methane;

{ 5 underground 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 repl
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 |
construction of the thermal power plant;

{ 2 electrical transformer cabins, one located in the thermal power plant and of
inside body C. The one in the thermal power plant has a single transformer a
currently not in use, with a concrete containment tank in good condition. The
inside body C is in use. Transformers with PCB-containing oils were reclaime
replaced in 1989

The site was affected by a remediation procedure according to the regional regulat
in force at the time that began before the entry into force of the Ministerial Decree ¢
25 October 1999, n. 471. Later, the process has been developed according to the

ordinary operational and administrative procedures laid down by Legislative Decre
April 2006, n. 152.

Since the area is not included in the case of SIN or SIR in implementation of the re
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delegations, the competent authority in charge of the administrative acts is the
municipal administration.

Lombardyt Monza Brianza Province Villasantat site location

Villasantat site location (Technical Regional map 1:10:000)
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2.2 Geological setting

NS hydrogeological section of the central area and the Lambro basin (from: Provir

Stratigraphic detail of the intervention area

Milano, 1995)

The western border of the municipal area coincides with the path of the Lambro riv
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Geologically, the subsoil of Villasanta can be included within the Fundamental Lev
the Plain (LFP), traditionally characterized by deposits of late Pleistocene fluvial-gl
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 asso(
with the depositional activity of the watercourse itself. From a petrographic and
lithological point of view, the origin of the Lambro deposits is strictly attributablé&é¢o
portion of the pre-Alpine chain which, within the reference hydrographic basinscroy
out in correspondence with the Larian triangle between Como and Lecco. This can
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 depos
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 super
portion by the presence of mainly gravelly-sandy lithology horizons, with high
permeability and thickness values. Proceeding in depth, the progressive lithologica
variations due to the prevalence of fine-textured lithologies (clays, silts and fine sali
determine a reduction in permeability. Under these conditions, the aquifer horizons
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:

{ first aquifer: consisting of prevailing gravels and sands, with subordinate frac
of silts and gravelly-sandy horizons locally cemented. These sediments can |
traced back to the recent and ancient alluvial and fluvioglacial deposits from
Wirm (upper Pleistocene) which constitute the Fundamental Level of the Pla
(LFP). This unit contains the upper part of the traditional aquifer, characterize
relatively high hydraulic conductivity values betweer? #hid 10* m/s. The
characteristics of the aquifer are those typical of a free, unconfined water tab

{ second aquifer: consisting of gravels and silty sands and conglomeratic horiz
These lithotypes are traditionally attributed to the ancient fluvioglacial deposi
Mindel and Riss (lower Pleistocene) which on the surface give rise to the

Z E S E]+s] "( & @ tisstpothils@ndEhills«of Brianza. The
permeability of the aquifer which has hydraulic conductivity values of an orde
magnitude lower than those of the first aquifer and equal to abouf-10° m/s.
This aquifer can contain a free aquifer or, in the presence of horizons that are
very permeable to the roof, locally semi-confined, generally in connection wit
the one above. Where the piezometric load differences between the two aqu
are more significant, water exchanges between the aquifers may occur due t
phenomenon of drainage;
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{ third aquifer: characterized by predominantly fine-textured soils, such as silts
clays with fine sand levels. These deposits are attributed in literature to the s
called Villafranchian clays. Due to the clear prevalence of fine-grained lithoty
the hydraulic conductivity values in sandy lenses are approximat&hl@®m/s.
The sandy lenses themselves are home to confined and protected aquifers.

{ Inthe area of Monza and Villasanta the hydrogeological characteristics of thq
subsoil are particularly different compared to the adjacent areas, in particular
to the presence of a high structure (Monza ridge) which causes the Villafranc
substrate to rise with a consequent reduction in the thickness of the aquifers.
hydrogeological situation makes it possible, in the sector east of the Lambro
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 wi
can give rise to differences in the piezometric level, although, in general, comparec
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 subsaoil

The characterization investigations on the entire site have shown overall compliar
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
survey, the presence of tetrachlorethylene was ascertained in the entire horizon
thickness unsaturated underlying the building in which the main painting cycles ar
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.

Groundwater

Contamination of the groundwater in the area is essentially and almost exclusivel
to tetrachlorethylene (PCE), with associated low concentrations of trichloroethyler
(TCE) and chloroform (TCM). The presence of this substance in concentrations u
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400 times the CSC is well above the background value that is generally found in 1
the area north of Monza and which roughly corresponds to the values found "at th
entrance" to site, in the hydrogeologically upstream piezometer, between 6.5 and

48 Ry/l.

High concentrations were detected in 2002throughout the south-eastern portion o
the plant, in correspondence with some wells, with values up to BYB The origin of
the contamination has been traced back to the washing and degreasing of pieces
PCE, a solvent stored in underground tanks present in the building subject to the

renovation.

CodiceSIF

0152390026

0152390043

0152390054

0152390065

0152390066

denonint

Well 3

Well 5

Pz1
(upgradient)

Pz 2
(downgradient)

Pz 3
(upgradient)

data
11-mar04
14-set04
07-apr05
23-mar-06
22-mag9o7
25-lug08
11-mar04
14-set04
O7-apr05
23-mar-06
22-mago7
25-lug08
11-mar04
14-set04
O7-apr05
23-mar-06
22-mago7
25-lug08
11-mar04
14-set04
07-apr05
23-mar-06
22-mag9o7
25-lug08
11-mar04
14-set04
07-apr05

PCE
180
198
61.14
28.7
286
340
28
168
27.6
22.2
22
7.5
48
39
217
8.6
6.5
6.7
11
19.37
399
5.8
4.2
4.2
4.6
3.2
3.04
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The map shows the points of the monitoring network in the configuration active in
2010
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2.4 Regulatory framework

The remediation process of the area had been started before the national legislati
on the remediation of contaminated sites came into force (Legislative Decree 22/¢
and Ministerial Decree 417/99), applying the reference standards already existing
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 por
of the plant, the presence of PCE was detected in the interstitial gases ankgsexc
concentrations to the regulatory limits even in groundwater.

In light of this, the company has sent its notice pursuant to dell * art. 242, paragraj
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; wit
results obtained, relative to the PCE concentrations, it was possible to redefine th
spread of contamination in the subsoil, the starting point for the elaboration of the
Analysis.

The site-specific Health and Environmental Risk Analysis document was favourakl
assessed with prescriptions by the Authorities during the Service Conference in
October 2012.

Therefore, in 2012 an additional document with acceptance of Conference of Sery
prescriptions that defines the CSR for soil gas and groundwater as remediation ta
was prepared.

Following approval of the remediation objectives, equal to 71 mg/m 3 of PCE in s
for the unsaturated portion of land, a remediation project of the total subsoil |
drawn, which also included the portion of the aquifer assessed in the Conferer
Services in March 2013 with related observations and additions by the Authorities
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3. Rlot-scale application in field

3.1 Extraction system

The technology applied for the remediation of the area consisted of the combination
extraction plant (SVE) for unsaturated soil, associated with an Air-Sparging (AS) pla
the remediation of groundwater (saturated).
In consideration of the geological-stratigraphic structure of the soil, characterized by
alternation of horizons with coarse and medium fine textures, the design of the SME
was carried out on the basis of data already available on site, having been active in
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 cl
lenses in the area to be reclaimed, the overall system of SVE and AS was created w
following characteristics:

{ n. 18 suction wells of which:

0 VX i —eZ}ESe— ~WsiU WDITU WsoU stigkction stii
between pc and the roof of the first clay lens, used for the remediation of
unsaturated soil, possibly still polluted.

0 n. 7 "intermediate” wells (VW1st6e W A]53Z (Jo§ E]JvP « §]
first and second clay lens, necessary to concentrate the recall of pollutin
vapours in this area, where the effect of AS will be greater and where the
vapours will concentrate;

o0 n.6"long" wells (VW8stiie W A]3Z (]Jo§ E]JvP ¢ 3§]}v-158
m deep, or in any case one meter above the height of the phreatic surfag
will instead have the function of area limiting the diffusion of the AS effec
and treat the vapours deriving from the groundwater.

{ n. 6 insufflations wells (AS1 - AS6) located inside the former Battery Departme
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 aspirg
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. 1 AS system consisting of a blower in correspondence with each AS well, c:
of blowing air at the established flow rates and pressures.

{ n. 3 monitoring wells, necessary especially in the initial start-up phase, to chec
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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 via
the other hand, gave a more precise indication of the presence of PCE in interstitial
Over time, the outermost wells were closed, particularly in the westernmost area wh
the PCE values were zero, in order to concentrate the area of influence of the SVE i
most critical areas.

Position of the AS and SVE wells
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3.2 Injection system

The AS plant was divided into 6 insufflations wells (AS1 - AS6) located in the areg
maximum PCE concentration in interstitial gases.

In the pilot scale application, a well for insufflation of groundwater (AS/G14) a6
monitoring wells were constructed positioned around the AS.

The carrier gas used was air, injected through diffusers to maximize the flov
increase the area exposed to the treatment. Thanks to the diffusion of high air
distribution was homogeneous in the contaminated area and the stripping effect @
volatile contaminants (PCE) from groundwater which are then extracted by SV
amplified.

AS pilot module
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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
derived from the implementation of the previous reclamation project, from
stratigraphic observations carried out during the investigations and from the pilot
carried out and described in the previous chapter, it was possible to hypothesize a
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 resg
rays of influence are sufficiently coalescing and there are no unaffected areas with
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 s
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 {
reclamation interventions), the gaseous effluent treatment system corresponds to t
envisaged by the operational reclamation interventions when fully operational.

In this regard, see the answer to question 4.4
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4. Rull-scale application

4.2 Injection system
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4.4 Off gas Treatment

Based on the characteristics and functions of the wells, these were connected to ty
separate suction systems integrated with attached activated carbon filters.
The vapours deriving only from the "short" suction wells with an indicative flow rate
250 m3/h were collected in plant 1.
The vapours E]JA]JvP (E}u 8Z ~]vd GEu ] 8 v "0o}vP_ |
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 carb
filter.

The following are the characteristics of the activated carbon filter:
Estimated gas flow: 650 ¥h;

Filtering surface: 3.0 fn

Filter material volume: 7.0 ¥th;

Contact time: 38.77 s;

Filtration speed: 0.06 m/s;

Active carbon quantity: 4,000 kg;

Filter layer height: 2,800 mm;

Inlet/outlet pipe diameter: 100 DN

Lt e W e W e W e N e W e Wt
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4.5 Control parameters

Describe the monitoring plan designed to evaluate the effectiveness of SVE in the
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 mfrom %o U <u] %0 % A]3Z
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 samp
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:

{ Air speed (m/s) by means of hot wire anemometer;

{ Air temperature (° C) by means of a thermo hygrometer,

{ Air humidity (%) by means of a thermo hygrometer;

{ Depressions realized in the suction wells (mbar) by means of a digital manon

{ SOV concentrations present in the air stream (ppm) by PID;

{ PCE concentrations (ppm) through the use of colorimetric vials of suitable G

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 succt
steps. From 4 December 2013, the plants operated at full capacity until 2 October
During the entire period of operation of the reclamation plants, the functionality che
of the plants themselves and the monitoring of interstitial gases were regularly carr
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 tif
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 m
critical areas.

As described in the last Technical Report drawn up in August 2017 before the shut
of the plants, from the results of the monthly monitoring, it was found that:

{ in alarge area of that subjected to remediation, including the west, north-cen
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
of 10.47 ppm of PCE and close to zero.

{ the only point where the PCE was found in concentrations in soil gases close
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
vials and laboratory analyzes. The analytical data confirmed compliance with
limits set downstream of the risk analysis.

Given the trends in PCE concentrations in the monitored SVE wells, in October 2C
plants were shut down and the first phase of soil testing was started, by carrying ol
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/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 201§
SVE plants were restarted until April 2019 for a total period of about 5 months and
the absence of rebound phenomena was verified through ignition/shutdown cycles
The second phase of testing of unsaturated soil was therefore launched, carried ou
the two six-monthly samplings respectively in July 2019 and January 2020. The reg
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 multinatior
which, in line with its corporate policy, paid particular attention in terms of fonn
resources in the choice of the best performing remediation technology for the type
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 fi
sampling had already been carried out before 2010, in the absence of guidelines a
regulatory guidelines).

It is therefore a reference case study for the development of the pore gas measure
methodology that has been progressively implemented.

The SVE technology, associated with an AS plant and a Pump & Treat system, ha
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 {
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 4
laboratory analysis) did not show that the table limits were exceeded, underestimal
the actual state of contamination of the site.
The use of data from the measurement of interstitial gases in the second phg
characterization, however, made it possible to ascertain an effective contaminati
the unsaturated soil, identifying at the same time the secondary source responsil
the contamination in the groundwater.
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Gossary 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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