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Site in the Northern Bohemia, Czech Republic
Founded by Nazi in 1940, later operated by the

Czechoslovak Army, from 1968 till 1991 by the Soviet
Army

The most western army airport of Warsaw Treaty (so-
called Eastern Block) during the Cold War, intensively
operated in eighties during the Cold War escalation
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Clean-Up History I.

1986 - free oil phase started to
seep from the river bank to the
river, first sign of an
environmental damage

1987 — 2002 hydraulic barrier
operation in order to prevent
contamination spreading to
surface water

1991 - Soviet Army withdrawal
from CZ

1991 — 1996 — first more
detailed surveys of
contamination extent and
venting/bioventing testing



Clean-up History Il.

* 1996 —risk assessment, setting of clean-up
goals
* TPH (IR) 5 000 mg/kg soil
* TPH (IR) 5 mg/L GW, BTEX (GC) 1 mg/L GW,

e detectable free oil phase absent on GWT

e 1997 — 2012 —full-scale clean-up
— 1997 — 2008 — active operation of technology

— 2009 — 2012 - site closure - rebound monitoring,
evaluation of reaching of the goals, risk
assessment of residual contamination
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e 7 150 metric tons released to subsurface (mass
estimation based on soil sampling)

 Semi-volatile fraction, mainly jet fuel, admixture
of gasoline, diesel

e 28.3 ha of contaminated soil and groundwater

* LNAPL present at 80% of the area with thickness
up to 90 cm

 Contamination bounded to two different

geological environments — eastern plume formed

in loose Quaternary deposits, former river bed,

western plume formed in consolidated Cretaceous

sandstones



depth under and above GWL (m)
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Clean-up technology - combination of several
methods

|. Stage

— Soil vapor extraction + vacuum oil phase
extraction — removal of extractable
LNAPL

— 1 -2 yearsin the source zone
ll. Stage

— In situ aerobic biodegradation

— stimulation of indigenous aerobic
bacteria

— Oxygenation of soil and groundwater
(venting, air sparging)

— Naturally very low nutrient content
periodical application of nutrients (N,P,K)

— 2 —6 vyears, based on initial
contamination

The first clean-up stage
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The schematic layout of biodegradation
technology
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Clean-up Fields

28.3 ha put consequently under operation in 1997- 2005
Area divided into clean-up fields (0.5 — 2 ha)
1650 air sparging wells, 1350 venting wells

60 compressors, 25 blowers, about 100 km of various
piping




The Clean-up Efficiency

Monitoring of extracted air - O,, CO, volume

Monthly - quantification of TPH biodegraded,
based on stochiometry

CyoHys + 14,5 O, 10 CO, + 9 H,0

Background respiration (uncontaminated area 2.3
t/ha/year)

Point respiration testing of soil and groundwater
1 —2 times a year
Control soil sampling
2- 4 year period, quantification of TPH mass
Groundwater sampling, LNAPL monitoring
1 -2 times a year
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Obr. 9 Vyvoj plogného rozsahu podzemni vody
ve vybranych sanaénich plochéch
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Biodegradation Activity in the | Field (1,4 ha)
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Biodegradation Activity in the J Field (4,9 ha)
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Groundwater temperature in summer 2004 (in-situ monitoring)

L field (D

10°C
I Legend: ® monitoring point —

J field — southern part operated for 3 years, northern for four months in 2004
L field — whole field operated for four years in 2004



Correlation between AS input and biodegradation
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Correlation between TPH content and bioactivity
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I TPH concentration in soil in the year 2007

Influence of geological
structures

Very consolidated, discrete
layers (thickness to 1 m) in
fields B, F, K, north of J —
troubles with reaching of goals
/ rebounding ( Spring 2007,
after first winter shut-down

1

consolidated layers — residual
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/ 2 years after shutdown of technology

TPH in soil 2009
TS . operation
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Overall result of clean-up methods

TPH removal — metric tons per year
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Conclusions — Factors influencing
biodegradation rates

Main technological factor was amount of air
injected by AS

Main natural factor was fluctuation of
groundwater temperature

Intensive biodegradation heighted GW
temperature

Contamination content influenced
biodegradation rates after removal of 80% of
contamination

Less permeable geological structures
iInfluenced remedial result in the part of the site
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