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POST-REMEDIAL DESIGN

Å 425 soil samples analysed free of charge ςSept 2017

Å In-situ remediation completed in May - June 2018

Å Pre-drilling followed by Direct Push injections (11 m of dry sands to go through)

Å Site closed in Q2 2021

High Resolution RemedialDesign
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PRE Remedial Design
Areal extent: ~ 200 sqm
ContaminationDepth: 8 m bgl to 9 m bgl
EstimatedSoilContaminantVolume:~ 1,700 m3
SoilDisposalCostsΥ омлΣллл ϵ

POST RemedialDesign
Areal extent: ~ 120 sqm
ContaminationDepth: 7 m bgl to 9 m bgl
EstimatedSoilContaminantVolume:~ 950 m3
SoilDisposalCostsΥ мтрΣллл ϵ

RemedialDesign
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Soil Criteria Class Sample ID Prøvedybde Dry Matter C6H6-C10 C10-C15 C15-C20 C20-C35 Sum (C10-C20) Sum (C6H6-C35)

m bgl % mg/kg ts. mg/kg ts. mg/kg ts. mg/kg ts. mg/kg ts. mg/kg ts.

Klasse 4 MIP 07 SC 3,75 85 210 4900 5600 3300 10000 14000

Klasse 4 MIP 07 SC 4,0 85 280 4000 4400 2200 8400 11000

Klasse 4 MIP 07 SC 4,25 92 120 2400 2600 1400 5000 6500

Klasse 4 MIP 07 SC 4,5 92 160 3200 3500 2100 6700 9000

Klasse 4 MIP 07 SC 4,75 92 130 2600 2900 1500 5400 7000

Klasse 4 MIP 07 SC 5,0 92 200 3200 4600 2000 7800 10000

Klasse 4 MIP 07 SC 5,25 96 650 7300 8000 4200 15000 20000

Klasse 4 MIP 07 SC 5,5 96 110 1400 1400 610 2800 3500

Klasse 4 MIP 07 SC 5,75 96 9,4 480 260 110 740 860

Klasse 4 MIP 07 SC 6,0 96 14 500 140 57 630 700

Klasse 4 MIP 07 SC 6,25 95 590 11000 1100 370 12000 13000

Klasse 4 MIP 07 SC 6,5 95 290 4700 240 100 4900 5300

Klasse 3 MIP 07 SC 6,75 95 < 2 79 7,0 < 20 86 86

Klasse 4 MIP 07 SC 7,0 95 510 8200 1300 580 9500 11000

Klasse 4 MIP 07 SC 7,25 94 62 1400 250 110 1700 1800

Klasse 0 MIP 07 SC 7,5 94 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 07 SC 7,75 94 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 07 SC 8 94 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 07 SC 8,25 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 07 SC 8,5 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 07 SC 8,75 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 07 SC 9,0 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 07 SC 9,25 98 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 07 SC 9,5 98 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 07 SC 9,75 98 < 2 < 5 < 5 < 20 # #

Klasse 4 MIP 09 SC 5,0 92 12 1100 2500 1600 3600 5200

Klasse 3 MIP 09 SC 5,25 95 < 2 6,5 18 < 20 24 24

Klasse 3 MIP 09 SC 5,5 95 < 2 7,3 16 < 20 23 23

Klasse 4 MIP 09 SC 5,75 97 61 3700 5700 3700 9400 13000

Klasse 4 MIP 09 SC 6,0 97 65 3500 5100 3300 8600 12000

Klasse 3 MIP 09 SC 6,25 96 < 2 46 41 < 20 88 88

Klasse 4 MIP 09 SC 6,5 96 100 2500 2000 860 4500 5400

Klasse 4 MIP 09 SC 6,75 95 260 4800 5100 3000 9900 13000

Klasse 4 MIP 09 SC 7,0 97 8,5 420 440 190 860 1100

Klasse 0 MIP 09 SC 7,25 95 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 09 SC 7,5 95 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 09 SC 7,75 95 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 09 SC 8,0 95 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 09 SC 8,25 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 09 SC 8,5 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 09 SC 8,75 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 09 SC 9,0 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 09 SC 9,25 91 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 09 SC 9,5 91 < 2 < 5 < 5 < 20 # #

Ejlskov A/S , 16064, Kvistgård CRT

Soil Criteria Class Sample ID Prøvedybde Dry Matter C6H6-C10 C10-C15 C15-C20 C20-C35 Sum (C10-C20) Sum (C6H6-C35)

m bgl % mg/kg ts. mg/kg ts. mg/kg ts. mg/kg ts. mg/kg ts. mg/kg ts.

Klasse 0 MIP 10 SC 2,5 89 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 3,5 96 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 4,5 98 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 5,0 96 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 5,5 96 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 6,0 98 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 6,25 98 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 6,5 98 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 6,75 98 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 7,0 93 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 7,25 93 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 7,5 93 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 7,75 93 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 8,0 96 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 8,25 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 8,5 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 8,75 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 9,0 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 9,25 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 9,5 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 9,75 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 10,0 91 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 10,25 91 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 10,5 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 10,75 90 < 2 < 5 < 5 < 20 # #

Klasse 0 MIP 10 SC 11,0 90 < 2 < 5 < 5 < 20 # #

Klasse 0 SC-01 4,0 74 < 2 < 5 < 5 < 20 # #

Klasse 4 SC-01 4,5 74 < 2 9,0 5,2 140 14 150

Klasse 4 SC-01 6,0 87 29 760 880 410 1600 2100

Klasse 2 SC-01 6,5 87 < 2 28 45 23 73 96

Klasse 4 SC-01 7,0 94 3,6 140 170 82 310 400

Klasse 4 SC-01 7,5 92 430 8200 8600 4000 17000 21000

Klasse 4 SC-01 7,75 92 340 5200 5500 2400 11000 13000

Klasse 4 SC-01 8,0 90 390 8500 9300 4500 18000 23000

Klasse 4 SC-01 8,25 90 360 8700 11000 5000 20000 25000

Klasse 4 SC-01 8,5 90 61 1600 2300 1000 3900 5000

Klasse 4 SC-01 8,75 88 92 5700 7800 3600 13000 17000

Klasse 4 SC-01 9,0 88 < 2 8,5 14 < 20 22 22

Klasse 3 SC-01 9,25 88 < 2 7,2 11 < 20 19 19

Klasse 0 SC-01 9,5 91 < 2 < 5 < 5 < 20 # #

Klasse 0 SC-01 9,75 91 < 2 < 5 < 5 < 20 # #

Klasse 0 SC-02 4,0 64 < 4 < 10 < 10 49 # 49

Klasse 4 SC-02 4,5 83 < 2 170 740 650 910 1600

Klasse 4 SC-02 5,5 83 70 1200 750 700 2000 2700

Klasse 4 SC-02 6,5 91 130 3200 770 660 4000 4800

Klasse 4 SC-02 7,5 96 7,8 270 34 30 310 350

Klasse 0 SC-02 7,75 96 < 2 < 5 < 5 < 20 # #

Klasse 4 SC-02 8,0 96 89 1300 110 39 1400 1500

Klasse 4 SC-02 8,25 97 230 3900 1800 730 5700 6600

Klasse 0 SC-02 8,5 97 < 2 36 16 < 20 52 52

Klasse 0 SC-02 8,75 97 < 2 < 5 < 5 < 20 # #

Klasse 0 SC-02 9,0 97 < 2 < 5 < 5 < 20 # #

Klasse 0 SC-02 9,25 97 < 2 < 5 < 5 < 20 # #

Klasse 0 SC-02 9,5 94 < 2 < 5 < 5 < 20 # #

Klasse 0 SC-02 9,75 94 < 2 < 5 < 5 < 20 # #

Ejlskov A/S , 16064, Kvistgård CRT

Importanceof High Resolution Data



Site History and 
Preparatory Works
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Site History

Å Former gas station, demolished and abandoned late 1990s

ÅWater protection area with extraction well possibly at risk
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Summary of Soil and Groundwater Conditions Pre-Remediation 
Design

Å Soil contamination was delineated across 2 portions of the site

Å Contamination depth varying from 0.5 m bgl to ~7 m bgl

Å Type of contamination: TPH C10-C21 (mostly) ςTPH C5-C10 (detected in the top soilportion)

Soil

Groundwater

Å Groundwater wells on site and immediately outside the property show NO sign of impact

Å One montoringwell (300 m downstream of the site) showed high levels of MTBE (no direct link to site 
contamination)
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Remediation Area Outline Post Remediation Design

Å Description of the geological and contamination conditions:

Soil consists of dry fine sands

Soil contamination found in patches and limited layers within the formation

Estimated contaminated volume: ~400-450 m3 (initial estimate 900 m3)

Estimated soil contaminant mass: ~590 kg (TPH C10-C40) (initial estimate 620 kg) During the remediation design phasea 
total of 187 soil samples were collected 
across 15 high resolution soil cores.

44 duplicate soil samples were collected 
for local analyses.

The mass estimate calculations were 
based on a total of approx. 235-240 soil 
samples



In-Situ Remediation and 
Results
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Design and Implementation/Application

ÅLǘ ƛǎ bh¢ άƻƴƭȅέ ŀōƻǳǘ ǘƘŜ ǇǊƻŘǳŎǘ ςsynergy vs. conflict (grain size, treatment mechanisms, 
longevity)

ÅDesign phase is critical to understand site conditions (contaminant mass, geology, achievable 
production, etc.)

ÅApplication method: Injections vs. soil mixing (low vs. high energy) ςslurries vs. liquids vs. 
reagents ςknow your limitations and design criteria

ÅEquipment needed ςwatch out for false myths ςgravity feeding, low flow / low pressure, grid 
ǎǇŀŎƛƴƎΣ άŎƻƴǘŀŎǘ ǎǇƻǊǘέ ςthere is a right tool for each project setting
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BOS 200® / BOS200+ Trap & Treat® - Biodegradation of Hydrocarbons

The injected slurry consists of:
ωPowder Activated Carbon (PAC) mixed 

with:

ωCalcium Sulfate
ωNitrate
ωBacteria concentrate (mixed within slurry)
ωBOS200+ incl. electron donors for more 

efficient Diesel LNAPL treatment

Å Contaminants dissolved in 
groundwater are absorbed to the 
carbon based on carbon maximum 
absorption capacity (LNAPL does not 
represent an issue)

Å As gypsum present in the slurry slowly 
releases terminal electron acceptors 
(TEAs) in groundwater (nitrate and 
sulfate), these become available as 
energy source to the bacteria present 
within the PAC structure

Å Biological degradation can now take 
place

Å End products from the biological 
degradation observed via lab 
analyses generally consists of carbon 
dioxide and other compounds like 
isobutylene, butane, etc. (free GW 
samples analyses available through 
RPI Inc. Lab)

Å As contamination is degraded the 
PAC is now ready to absorb more 
dissolved phase contamination

Å Speed of degradation process is 
balance of soil contamination 
desorbing from soil vs. groundwater 
flux and amount of PAC present
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Summary of Remediation Works

Å Based on the available soil 
contamination data, western area 
was soil mixed to 5 m bgl

Å Based on the available soil 
contamination data, central area was 
soil mixed to 1.5-2.0 m bgl

Å Based on the available soil 
contamination data, eastern area 
was soil mixed to 6-7 m bgl. 
Alongside the tree line (road) the 
final depth may have been slightly 
less due to stability concerns (e.g.
falling trees) ςsoil mixing has been 
performed to the maximum extent 
possible avoiding possible 

Soil Mixing
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Soil Mixing Photo Summary


