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ZVI and Electron Donor 
Injections for CVOCs

Case Study #1: 
Confidential California Site
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CA Site – 
Data Gap Investigation
• Groundwater grab samples
• MIP investigation
• Treatment area defined by

• PCE in groundwater
• MIP response
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CA Site – 
Fracturing Methods
• Sand-filled fracture-enhanced 

wells for SVE
• High velocity water jetting and 

liquids injection into cased hole 
wells

Ground Surface

SVE Well 
Connected to 
Fractures

Sand-Filled Fractures 
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CA Site – FRx Injections
Fracture-Enhanced SVE
• 9 Locations
• 10 to 25 ft bgs
• 3 sand-filled fractures per location
• Wells constructed with engineered 

connection to fractures
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CA Site – FRx Injections
Enhanced Bio/ISCR
• 11 Locations
• 25 to 80 ft bgs
• High velocity water jetting 

combined with hydraulic fracturing
• Total amendment loading:
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CA Site – 
Follow-up DPT Injections
• Injections focused on area 

upgradient of one unresponsive 
well.

• 18 Locations
• ~30 to 60 ft bgs
• Same bio and ZVI amendments 

injected at total volumes of 30%.
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CA Site – 
SVE Mass Removal
• Initial SVE pilot testing 

was unsuccessful
• Fracture-enhanced wells 

allowed full-scale SVE 
implementation

• ~46 lbs of PCE was 
ultimately removed by 
the SVE system and 
asymptotic conditions 
were realized
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CA Site – 
GW Monitoring Program
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Electron Donor Injections for CVOCs

Case Study #2: Lake City 
Army Ammunition Plant



Area 17B:  Oil & Solvent Waste Pits

Silty Clay (5E-05 cm/s)

Weathered Shale (2E-04 cm/s)

40 ft



2007: Conventional Wells (19) 
Spanning 340 feet
Targeting 28 to 45 ft bgs
Gravity Injections 2008 to 2018
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LCAAP – Fracturing Methods
• Sand-filled fracture-enhanced 

wells for liquid injections
Ground Surface

Injection Well 
Connected to 
Fractures

Sand-Filled Fractures 



2015: Fracture Wells (10) 
Spanning 260 feet
Targeting 25 to 40 ft bgs
3 to 4 Fractures/Location
37 Fractures Total
Injections 2016 to 2021
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Conventional Wells - 
1.0 to 7.7 GPD per well

Normalized Flow into Injection Wells – After Fracturing
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>99% Treatment

>99% Treatment

60% Treatment*

43% Treatment*

97% Treatment

92% Treatment

Baseline Concentrations 
Indicative of NAPL

NAPL Observed 
until 2021

Total Chloroethenes in Groundwater
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Conclusions
• High velocity water jetting (applying kinetic energy to the formation in 

combination with liquids injection using positive displacement pumps 
provided excellent distribution of liquid amendments and addressed issues 
at all but one well. (case study #1)

• Sand-filled fracture-enhanced SVE wells (case study #1) and liquid injection 
wells (case study #2) facilitated higher flow rates (>10X) and larger ROI.

• These wells vastly improved performance over the traditional wells tested 
during earlier phases of both projects while also reducing operating costs.

• Site closure is imminent for both case studies.
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