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Region of intervention of Municipality of Evosmos
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Location points of the industrial units and of disposed waste
and garbage within the investigation area
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Future uses of the ground uses of the area of intervention
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Places of investigation boreholes and monitoring wells that
have been executed in the field of research

n
(7]
o
0 50 100 -%
Area J s
. Aread - = ' S
) B >
0 .. .. =] [} @
Position of monitoring o ” O
well T @ § °
o > —
@ Position of sampling 2 E e

656548

Ring road






() Jdpawerq Sulq

SIeWY

[9AJ] I9)BMPUNOIL)

[/su
ul Hd L SISA[eue J9)e A\

cu/Su
ul SISA[euy sex) [10§

3y/3m
ul Hd L SisA[euy [0S

Jjdweg 193w A\

Jjdwreg seq) Q10§

srdureg 10§

anojo)

() ssouyoIy

A3ojoypry

(w) ydaq Suraq

uondrrsa( [ednsojoyry

Drill-log
Borehole Nr7

32

smell of
product
smell of
product

255

Aliph.
Arom.

5283
5150
4250
3200
850
889

0,2
1,4

light
3,0]brown
4,0

0

0,0
5,00
6,00
,0
8,00
9,00

7
10,00

concrete
clay
sand
gravel
sand
gravel
clay
sand
gravel
clay




Cross section in the research area according the boreholes
data and the information from the relative bibliography
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Distribution of the concentration of total hydrocarbons in
the soil in the area of research in three different levels
bellow the surface of the ground
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Relation of the concentration of total hydrocarbons (TPH)
with the sampling depth in the investigation borehole 19 in

the research area in Evosmos
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Distribution of the concentration of total hydrocarbons
(TPH) in the groundwater in the area of research of

Evosmos
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Soil vapor extraction system
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Remediation system of the unsaturated zone with the
bioventing system
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Aftected ray of the recovery wells that were achieved during

the pilot test
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Schematic representation of the pollution of the
contaminated ground with the “on site” method
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Suggestion of remediation for the contammated soil with

7~ hydrocarbons with “In situ” and “On tE” metlﬁdﬁ\
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Total quantity of recovered hydrocarbonsin Kg

Progress of the course of the soil remediation in unit 3 (in situ processing)

in Evosmos, Thessaloniki. Duration : 1/11/98 - 13/7/99
Technique: BIOVENTING
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On site Soil Venting
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In situ Soil Vapor Extraction




CASE STUDY DESCRIPTION
SITE FEATURES (1)

. Location : Island in Aegean Sea with limited water resources
. Site Operation : Depot terminal of power plant

. Source : Leakage of underground oil product conveyance
pipeline

. Amount of released product : 1,5 m3 Diesel

. Geology : Till 15-20 m unconsolidated permeable sediments
(sand, gravel, silty sand)

. Bedrock : granodiorit
. Piezometric groundwater level : ~3 m b.s.l



CASE STUDY DESCRIPTION
SITE FEATURES (2)

8. Hydr. Conductivity of aquifer : 3-8 X 10-5 m/s
(permeable)

9. Condition of the aquifer : Unconfined
10. Mean hydraulic gradient : 1-3 %

11. Drinking water : Water wells located in 120 m distance
(supply for 2000 people)

12. Environmental Risk : Very high
13. Amount of released product : 1,5 m3 Diesel

14.Groundwater impact in the drinking wells : 2,1 mg/l TPH
concentration after 15 days of the incident
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Lase siu Cly Groundwater flow conditions

Groundwater table and movement direction of the groundwater under static and dynamic conditions
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Case stud )/ Groundwater flow dynamic conditions 3D
Grondwater table under dynamic conditions on 3-4/11/98
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fuch )/ Geological cross-section along the
groundwater flow direction

Geological cross-section along the groundwater tflow direction
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Lase siu Cly Site investigation

Figure 3 : Distribution of TPH concentreation inthe sofl in three different levels - Contaminated site - Power plant close to
drinking water extractions wells
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Case siu Cly TPH in the groundwater

Distribution of TPH concentration in the groundwater (date 16/12/98)
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Case stuch (1)) Remediation Action Plan

Synoptic presentation of the remediation action plan

SVE system Oil-separator

Air compressor Final discharge of
separated water

SVE system Bioventing unit

—  Skimmer

; : : —— Submersible
Pressurized air ; ; ; AT _ | gw pump




Case stud )/ Location of the remediation systems

Locations of the remediation systems at the contaminated Power plant site
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tud \/ 0, content in the groundwater before remediation

Distribution of O2 content in the groundwater. date 14/2/99
before the start of groundwater remediation measures
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Case stud )/ 0, content in groundwater shortly after the start

Distribution of O2 content in the groundwater. date 06/04/99
shortly after the start of groundwater remediation measures
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Case stud )/ 0, content in groundwater after completion

Distribution of O2 content in the groundwater. date 14/2/01
afier completion of the remediation mensures
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Case s Idy Soil Vapor Extraction Progress
’19%);/Bioventing Borehole BB o m ;- %‘ 600
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TPH in mg/I
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REMEDIATION RESULTS

*The so1l remediation (source) was completed after
20 months implementation of the airsparging
technology

*The groundwater TPH concentration was radically
reduced below the drinking water standards after 16
months of system operation



Location of investigation drillings and groundwater
monitoring wells at the depot terminal
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Drill-log from borehole BH9 in the depot terminal

(w) Jpowrer( Surriq A
d +— Q ﬂ =
Gl £ 5 £3% 3 52
= 7] o ©wn
SRy =15 on O 5 E Z e ©
o S m = —_ ﬂ — m o
¥ B 55 & &%
[9A9] Jd)BMPpPUNO.IL) >
o S E
O v =]
[/Sw ul HJ L SISA[RUR 19)B AL & 2% %2
o m.y O
= % g M
cul/3W Ul SISA[eUyY SBO) [I0S S o3
< <
=) —
3y/8uwt ul H{ L sisA[euy [10§ 2 2
\O \O
Jydwreg 1338 A\
Jdwreg sen) [0S
Jdureg 10§
)
anojo) 2
O
N S
SSOUYIIY [ S —
A3ojoyny O
S S S
(w) pdaq Sunquiq = = =
© =
2l - =
uoydisa(q [enSofomry 585 9 - g
- w2 95] o
l




Simplified geological cross section at the depot
terminal
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Distribution of TPH concentration in the soil of the
vadose and of the saturated zone




Distribution of volatile hydrocarbon concentration in
the soil-gas at the depot terminal
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Depth to the groundwater at the site of the depot
terminal
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Estimated extent of floating free product on groundwater at the
depot terminal (May 98-Nov *98)
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Distribution of TPH concentration in groundwater & estimated
extent of floating free product on groundwater table
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Initial concept of the proposed decontamination technique for the

Soil vapor Extraction
Unit 21

Soil vapor Extraction

Unit 1

subsurface in the installation

Oil separator

for the recovered
oil product To underground disposal

Rwl of the pumped
_ groundwater

7

Groundwater
table

Contaminated soil-zone

Floating free phase
of oil product

SVE1 : Soi Vapor Recovery
well

Rwl :

Groundwater Abstraction
well + QOil Product recovery well
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Bioslurping technique for the subsurface in the installation

for soil-gas treatment  yjj senarator

Air liquid separator for the recovered
oil product
Rw

Slurp tube

— To Oil product holding tank

To disposal or further treatment
(if necessary) of the pumped water

Extracted soil-gas -Floating free phase
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Applied soil and groundwater
Decontamination measures at Depot terminal
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Decontamination measures in the Depot Terminal

For the unsaturated soil:

Implementation of the in situ method of
“Bioventing” in 4 areas within the installation

For the groundwater:

1) Installation of SKimming system for free
product recovery |[at least four (4) recovery
wells]

2) Implementation of Bioslurping technique in 5
monitoring wells



Hydrocarbon concentration in mg/m3
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Hydrocarbon concentration in mg/m3
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Hydrocarbon concentration in mg/m3

Progress of soil decontamination procedure
Operation time of SVE unit 3: 25/7/1999-4/3/2001
at the Depot terminal
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Hydrocarbon concentration in mg/m3

Progress of soil decontamination procedure

Operation time of SVE unit 4: 25/7/1999-4/3/2001
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Thickmess of the floating Oil product inm
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Thickness of the oil product floating on the groundwater -
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