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BP Amerika – In-situ Chemische Oxidation in 

der Altlastensanierung (Grundwasser+Boden) 

US Portfolio 

Total sites 

with ISCO 

approach 

pilot and full scale ISCO 
(activated persulfate, persulfate, 

modified Fenton's Reagent, H2O2, 

ozone, H2O2+ozone) 

Mg/Ca Peroxide* 

California 23 
21x ozone, 1x activated 

persulfate, 1x H2O2 
- 

New York 10 
9x Fenton's Reagent, 1x 

ozone 
- 

Ohio 6 5x persulfate 1 

New Jersey 5 
2x persulfate, 2x 

H2O2+ozone 
1 

Pennsylvania 2 2x persulfate - 

Michigan 2 2x Fenton's Reagent - 

New Mexico 1 1x H2O2 - 

Florida 1 1 - 

Illinois 1 1 - 

* Pure substance or some licenced product such as Ixper, or EHC®O or ORC®   
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PERF Projekt: Grundwasser- und Bodensanierung 

durch In-situ Chemische Oxidation 

Petroleum Environmental Research Forum (PERF) Projekt – Erfassung und 

Empirische Auswertung von ca. 40 ISCO Sanierungsprojekten (2000 – 2010) 

(Aromco, BP, Chevron, Exxon Mobile, Shell) (Tankstellen) 

Angewandte ISCO Technologien: 

 

 Wasserstoffperoxid (H2O2) 

mit und ohne Ozone 

 katalytisches H2O2 

 Luft/Ozone Gas Injektionen 

(“sparging”) 

 aktiviertes Persulfate  

 Perkarbonate 

 Peroxygens. 

Table 1: 

Applications by 

Technology Type 
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H2O2 14 12 0 2 0 2 12 0 6 5 1 3 2

Catalyzed H2O2 9 7 0 2 0 0 9 0 2 6 0 1 1

H2O2 + Ozone 8 2 4 1 1 0 8 1 1 3 0 1 2

Ozone 4 2 0 1 1 0 4 0 0 3 0 0 1

Activated Persulfate 6 3 2 1 0 2 4 0 3 2 0 0 1

Percarbonate 1 1 0 0 0 1 0 0 0 1 0 0 0

OH• + Percarbonate 1 1 0 0 0 0 1 0 0 1 0 0 0

Peroxygen suspension 1 1 0 0 0 0 1 0 1 0 0 0 0

Total 44 29 6 7 2 5 39 1 13 21 1 5 7
1
 36 sites; some sites used more than one ISCO technology, resulting in 44 ISCO implementations.

2
 Remediation objective (design capability). Some sites treated both source and plume.

3
 Scenario descriptors (target treatment zone). Four treatment zones encompassed two geologic scenarios.

A. Relatively homogeneous & permeable unconsolidated sediments 

B. Largely impermeable sediments with interbedded lenses of higher permeability material

C. Largely permeable sediments with inter-bedded lenses of low permeability material

D. Competent, but fractured bedrock E. Weathered bedrock (sandstone, siltstone, etc.)

Remediation 

Objective 
2

Scale

Geology is most like this 

conceptual scenario 
3
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PERF Projekt: Empirische Auswertung 

 

Technology
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H2O2 7 3 2 2 4 5 5

Catalyzed H2O2 5 0 0 4 5 4 0

H2O2 + Ozone 5 0 0 3 5 2 1

Ozone 1 1 0 2 3 0 1

Activated Persulfate 3 0 0 3 4 2 0

Percarbonate 0 0 0 1 1 0 0

OH• + Percarbonate 1 0 0 0 1 0 0

Peroxygen suspension 1 0 0 0 0 0 1

Total 22 4 2 16 23 13 8
1 

Overall magnitude reduction based on consideration of all wells in Target Treatment Zone

# of ISCO 

implementations with 

overall magnitude 

reduction in this range
 1

# of ISCO 

implementations 

with post-

treatment 

monitoring in this 

range (y)

Table 5b: Basic 

Performance 

Summary 
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H2O2 5 7 0 2 9 1 0 4

Catalyzed H2O2 1 1 5 2 0 2 4 3

H2O2 + Ozone 5 2 0 1 5 # 1 1 1

Ozone 0 0 0 4 * 4 0 0 0

Activated Persulfate 2 3 1 0 1 4 1 0

Percarbonate 0 1 0 0 0 1 0 0

OH• + Percarbonate 0 0 0 1 0 0 0 1

Peroxygen suspension 0 0 0 1 1 0 0 0

Total 13 14 6 11 20 9 6 9

* ozone volume not measured 

# ozone mass not given for 4 implementations

# of ISCO implementations 

with total oxidant mass 

injected in this range (lb)

# of ISCO implementations 

with total volume injected 

in this range (gal)

Table 5a: Basic 

Performance 

Summary 
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BP Huntington Beach – Bodensanierung mit 

NaOH (>pH10) aktiviertem Na-Persulfate 

• 10,000 gal; 20 wt% solution 

• ca. 16,400 lbs Na2S2O8 

• Injection intervals: 23-27 ft and 19-23 ft depth 

• 10 injection points; spacing 15 feet 

• 15 to 45 psi (max. 75 psi); flow rate 4 gal/min 
5 



Bodenbeschaffenheit 

• Fluvial heterogeneous Silts +  Clays 

• Low permeability with, Kh: 10-9 to 10-10 m/sec 

• Porosity, ntotal: up to 53% 

• TOC: 0.8 to 4.1 g/kg 

• SOD: 5.4 g Na2S2O8/  kg soil (7 days) 
6 



Temperaturmessungen 

• iBotton depth 
• MW-19d - at 15, 20, 25, 30, 35, 40 feet 

• MW-20d - at 20, 22, 26, 30 feet 

• MW-22 – at 14, 16, 24, 26, 28 feet 

• MW-24 – at 12, 14, 16, 24, 26 feet 

• MW-25 – at 12, 14, 16, 24, 26, 28 feet 

• B36 - at 12, 14, 16, 18, 20, 22 feet 

• B44 – 12, 14, 16, 24, 26, 28 feet 

• B45 – 12, 14, 16, 26, 28 feet 

• B47 – 12, 14, 16, 24, 26, 28 feet 

B-36 Temperatures

Date/Time

1
1
/1

8
/1

0
  

1
1
/1

9
/1

0
  

1
1
/2

0
/1

0
  

1
1
/2

1
/1

0
  

1
1
/2

2
/1

0
  

1
1
/2

3
/1

0
  

1
1
/2

4
/1

0
  

1
1
/2

5
/1

0
  

1
1
/2

6
/1

0
  

1
1
/2

7
/1

0
  

1
1
/2

8
/1

0
  

1
1
/2

9
/1

0
  

1
1
/3

0
/1

0
  

T
e
m

p
e
ra

tu
re

, 
C

22

24

26

28

30

32

34

Injection Times

20 ft depth

22 ft depth

B-36 Temperatures

Date/Time

  
6
:0

0

  
1
2
:0

0

  
1
8
:0

0

  
6
:0

0

  
1
2
:0

0

  
1
8
:0

0

  
6
:0

0

  
1
2
:0

0

  
1
8
:0

0

  
6
:0

0

  
1
2
:0

0

  
1
8
:0

0

1
1
/1

8
/1

0
  

1
1
/1

9
/1

0
  

1
1
/2

0
/1

0
  

1
1
/2

1
/1

0
  

1
1
/2

2
/1

0
  

T
e
m

p
e
ra

tu
re

, 
C

24

26

28

30

32

34

Injection Times

20 ft depth

22 ft depth

7 



Verifizierung der Bodensanierung 

Sample I.D. 
Depth 

(feet) 

Date 

Sampled 

EPA 8015/8015M 

  EPA Method 8020/8021/8260B 

TPHg/ 

GRO 

  
Benzene 

  
Toluene 

  
Ethylbenzene 

  
Xylenes 

  

          

(mg/kg) 

Percent 

reduction (mg/kg) 

Percent 

reduction (mg/kg) 

Percent 

reduction (mg/kg) 

Percent 

reduction (mg/kg) 

Percent 

reduction 

Baseline/Confirmation Pairs 

MW-23 19.9 10/27/10 260   0.52   0.099   1.9   6.3   

MW-23 23.9 10/27/10 270   2.4   3.9   3.2   14   

MW-23 27.9 10/27/10 1,400   13   27   30   130   

B-49 20 05/08/12 0.34 99.87% 0.0017 99.67% 0.0017 98.28% 0.0017 99.91% 0.0033 99.95% 

B-49 25 05/08/12 0.70 99.74% 0.0018 99.93% 0.0018 99.95% 0.0018 99.94% 0.0036 99.97% 

B-49 30 05/08/12 250 82.14% 0.74 94.31% 0.31 98.85% 6.7 77.67% 28 78.46% 

B-47 14.5 01/26/10 0.39   0.002   0.002   0.002   0.0041   

B-47 20.9 10/26/10 73   0.096   0.096   0.46   0.24   

B-47 27.5 10/26/10 850   16   53   42   200   

B-52 15 05/08/12 0.32 17.95% 0.0017 15.00% 0.0017 15.00% 0.0017 15.00% 0.0034 17.07% 

B-52 20 05/08/12 0.32 99.56% 0.0018 98.13% 0.0018 98.13% 0.0018 99.61% 0.0035 98.54% 

B-52 29 05/08/12 3.1 99.64% 0.098 99.39% 0.079 99.85% 0.86 97.95% 0.16 99.92% 
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BP Europa – ISCO Anwendungen im Überblick 

(letzte 3 Jahre) 

 

Portfolio Total sites with 

active approach 

Nitrate 

addition 

Mg/Ca 

Peroxide* 

Germany 10 - 2 

Austria 8 - - 

Spain 7 - 3 

Netherlands & Belgium 5 1 1 

Turkey 2 1 1 

* Pure substance or some licenced product such as Ixper, or EHC®O or ORC®   
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Hydraulische Bodenspülung mit Bioversal im 

Rahmen von EX SITU– und IN SITU-Maßnahmen 

Heizölschaden ehem. BHB-Tanklager 1230 Wien  

(INTERGEO Umwelttechnologie Wien) 
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Projekt BHB-Zusammenfassung 
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Errichtung der Horizontal-Infiltrationsstrecken zur Bodenspülung im Schadenszentrum 

(Bereich Bürogebäude)  
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In-Situ-Sanierung eines MKW-Schadens, BP Tankstelle 

Bundesstraße 20, A - 6611 Heiterwang 
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Einleitung 

 2006: Auffinden von oberflächennahen 

Kontaminationen mit KW (bis ca. 

2500mg/kg) -> vollständige Entfernung 

aus baustatischen Gründen nicht möglich 

 Um biologischen Abbau der 

Restkontamination zu beschleunigen 

wurde reacre© in den Boden eingebracht. 

Begleitendes Grundwassermonitoring. 

 Okt/Nov 2007, April 2008 

Kontrollbohrungen, um Sanierungserfolg 

zu belegen. 

 2008  Abbau erfolgreich und deutliches 

Unterschreiten der Sanierungszielwerte - 

Projektende! 
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Sanierungsmethode 

reacre®  
 

Mikroorganismen, keramische Teilchen mit 

funktionalen Oberflächen, Biopolymere 

(Schutz der Mikroorganismen) und 

Mikronährstoffe  

 

 

beschleunigter biologischer Abbau von 

Schadstoffen ohne Mobilisierung der 

organischen Schadstoffe im Grundwasser 

 
 
 
 

 

 

Produkt Einbringung über mehrere 

eng gesetzte Künetten   
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Zusammenfassung 

 

Schaden MKW  

Vergaserkraftstoffe 

Zustand Tankstelle Laufender Betrieb 

Sanierungsdauer 2 Jahre 

Status Abgeschlossen: < 100 mg/kg TS 

Schadensausmaß Schaden der unges. Bodenzone 

(ca. 500 m³) 

Analytik Boden ca. 2.500 mg/kg TS 

Einbringung Während der Erneuerung der 

Betankungsfläche: kontrollierte 

Eingabe über Grabensystem 

(0,5 m) 19 
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