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FREE ENHANCED ANAEROBIC BIOREMEDIATION (iSOC) WORKPLAN

FOR CHLORINATED SOLVENTS, PERCHLORATE, NITRATE AND SELECTED HEAVY METALS

TERMS AND CONDITIONS OF USE (The small print):  This is a free enhanced aenarobic bioremediation (iSOC) workplan for most chlorinated solvents, perchlorate, nitrate and selected heavy metals (chromium), which can be used to help with the preparation of your site-specific workplan.  Please put in your site-specific information below.  This generic workplan is for  anaerobic (propane, hydrogen, butane, etc.) or co-metabolic (propane and oxygen) processes would use similar equipment.  This information is supplied to simplify the preparation of this free workplan.  EBS is not providing site-specific recommendations.  Please follow all regulatory requirements and state, Federal and local notifications, permits or laws.  The information contained herein is believed to be accurate and reliable.  Please alert EBS immediately if there are questions or concerns of the information contained herein.  EBS makes no warranties, express or implied, of results to be obtained using iSOC or similar devices.  The user assumes all responsibility for loss or damage resulting from the use of this free workplan or the use of any product described herein.  

PURPOSE:  EBS has tried to make the preparation of the gas infusion workplan and procurement of the equipment as easy as possible.  
SITE HISTORY

SITE DESCRIPTION AND CHARACTERISTICS

REMEDIAL ALTERNATIVES

OVERVIEW

The use of terminal electron acceptors (TEAs) such as oxygen, nitrate, ferrous iron, sulfate have been used in the natural attenuation of a variety of compounds.  Anaerobic processes (those using non-oxygen TEAs) typically involve nitrate or sulfate reducing conditions.  In order to promote microbial degradation of the contaminants, such as chlorinated solvents, perchlorate, nitrate and some heavy metals (such as chromium), a carbon source is used.  

In-situ bioremediation technology, both aerobic and anaerobic, has been extensively studied since the mid 1990’s.  Significant documentation describes the details of microbial degradation processes of hydrocarbons, solvents and other substances.  (Beek, 2001), Freeze and Cherry (1979), Chapelle (1993), Levin and Gealt (1993), McCarty, P.L., and de la Torre (2000), Suthersan (2002), and Wiedemeier et al., (1999).
A variety of anaerobically degradable contaminants in ground water can be treated by mechanical technologies such as pump and treat systems or air sparging. These technologies are for the most part initially effective, but they can be both expensive and time consuming to operate until site closure is achieved.  Sparging or bubbling air into an aquifer will not create high dissolved gas concentrations.  In fact, sparging has been shown in some cases to enhance the volatilization and migration of the volatile contaminants from the saturated zone into the vadose zone.

Liquid carbon sources such as molasses, corn syrup, cheese whey, lactic acid, milk or other compounds are poured into wells or trenches or injected under pressure into the subsurface through lances or rods to provide a carbon source.  These types of carbon sources need to be replenished frequently with disruptive and costly injection events.  This work plan describes the use of a gas-phase diffusion technology to use low-cost, readily available gases such as propane, butane, methane as a carbon source.  Propane is a small, single, straight chain, non-polar hydrocarbon that rapidly biodegrades in the environment.  For the case of propane, the initial breakdown product is propionic acid, which ferments, liberating hydrogen.  The hydrogen substitutes for the chlorine atoms on the chlorinated compounds such as chlorinated solvents or perchlorate.  
Please note: the propane used must be mercaptin-free so as to be non-toxic to the bacteria.

Currently, a growing number of remediation contractors in the US, Europe, Australia, Canada and Brazil are utilizing a Canadian spargeless technology called iSOC that infuses any gas into groundwater through 2-inch diameter or larger groundwater monitor wells. The proprietary structured polymer used in the iSOC tool provides a large surface area for gas transfer into a 15 inch by 1.75-inch probe, which is placed down an existing 2- inch diameter or larger monitor well. The iSOC probe is connected to a regulated supply of industrial-grade compressed gas, such as propane. 

Dissolved propane levels of 70 to 100+ ppm can be achieved, depending on the height of the water column in the well. The gas is continuously infused into the aquifer over a period of several months to up to several years, as needed. During this time, the large and continuous supply of the gas is infused into the ground water system is able to provide significant enhanced degradation of the anaerobically degradable contaminants. The propane is infused from the iSOC into the monitoring well at a typical rate of 15 cc/minute. The effective radius of influence of super-saturated ground water leaving the monitoring wells with the iSOC’s is typically 10-15 feet, depending on the sediments.  

CRITERIA FOR REMEDIAL ACTION COMPLETION

Remedial activities will terminate when the _____________ concentrations: reach __________ levels set forth in _____________ or the concentrations of residual contamination reach _________, as established by a risk assessment or other acceptable procedure. After termination, monitor well sampling will continue quarterly for one more year followed by the submittal of a Site Closure Recommendation Report.

PURPOSE OF WORKPLAN

This workplan summarizes the scope of work to be performed at a petroleum-impacted site to remediate groundwater contaminated with ______________.


Treatment Strategies

Strategies for applying the technology at a site include the following: (1) locating the infusion wells within the heart of the plume so as to allow high dissolved anaerobic gas (carbon source) levels to disperse throughout the impacted area, (2) creating a dissolved anaerobic gas barrier by locating the infusion wells along a line downgradient of the heart of the plume and upgradient of the point of compliance; and (3) a combination of the above two strategies. What strategy is right for a particular site will depend on site-specific conditions and constraints.

SCOPE OF WORK
•
Installation of infusion probes in _________ newly installed infusion wells, and ____ existing wells (MW-____);

•
Trenching from the infusion wells to a secure canister storage cabinet that will be installed in a convenient location at the site; the shed will be large enough to house the compressed air cylinder (gas source), air flow meter, and miscellaneous supplies;

•
Connection of ¼-inch flexible polyurethane tubing from the diffusion tool at each infusion well location to the secure NFPA-certified canister storage cabinet. 

•
Connection of the flexible ¼-inch tubing from the infusion wells to 

         associated instrumentation (pressure regulator) and gas 

         cylinder(s) in the canister storage cabinet;

•
Following startup of the gas infusion system, groundwater oxidation-reduction potential (ORP) concentrations in the infusion wells will be monitored once every other day until relatively constant ORP are reached in the infusion wells, ORP monitoring will then be performed quarterly along with the groundwater sampling events.  Dissolved oxygen can also be measured to verify anaerobic conditions.

•
Sampling events will be conducted on a quarterly basis;

•
Each of the quarterly sampling events will consist of collecting 

         groundwater samples for analysis of _____________ using EPA 

         Method ___________; and

•
After concentrations decline to levels amenable to remediation by natural -

attenuation, if the feasibility of natural attenuation as a remedial alternative needs to be evaluated, in addition to the above target analytes, the baseline sampling and compliance monitoring events should also include sampling of geochemical indicator parameters such as nitrate, sulfate, ferrous iron, and oxidation-reduction potential. In that case, an addendum work plan will be developed proposing wells and parameters to be sampled and analyzed and outlining the approach to be used for data evaluation and estimation of cost to site closure.

PROPOSED REMEDIAL ACTION
Remediation of the hydrocarbon-impacted groundwater will be accomplished by using a gas infusion technology. The following is a summary of the technology being proposed:
ANAEROBIC GAS INFUSION

Anaerobic gas infusion is a technology that uses proprietary diffusion equipment to enrich the dissolved anaerobic gas content of groundwater without causing volatilization of organic compounds. The diffusion tools consist of a chamber containing micro-porous polymeric hollow fibers with micron size holes that create a large surface area for gas dispersion. The diffusion tools are suspended down-hole in standard two-inch or larger diameter wells.  The tools are connected to industrial grade gas cylinders located in the secured treatment compound.  Elevated levels of dissolved anaerobic gas can be achieved in the range of 70 to 100 milligrams per liter (mg/L) for propane, depending on the height of the water column in the well.  The numbers are based on Henry’s law of gas solubilities.   

High dissolved anaerobic gas levels have been related to increased rates of degradation. This technology uses the pressure in the gas tank to operate the system.  The remedial equipment consists only of a gas cylinder, 2-stage, low flow regulator, ¼” polyurethane tubing and the iSOC diffusion tools.  This system does not have any moving parts and does not require external power. For co-metabolic processes, oxygen and an anaerobic gas will be used in a special delivery system.

NOTE:  EBS (1-800-H2O-AIR1) sells the custom-made regulator, special tubing and the iSOC tool.  Gas cylinders are available from any local welding gas store.  Use industrial grade anaerobic gases.  All gases used for bioremediation must be purchased without mercaptin.

At 10 to 15 cc/minute, one 250 cubic foot gas cylinder can supply a well at 0.77 cubic feet per day for a period of almost one year.

	Gas Type
	5’
	10’
	15’
	20’
	50’

	Anaerobic gases:
	
	
	
	
	

	Propane
	66
	88
	99
	110
	175

	Hydrogen
	2
	2
	3
	3
	5

	Methane
	22
	30
	33
	37
	59

	Ethane
	57
	75
	85
	95
	150

	
	
	
	
	
	

	Aerobic gases:
	
	
	
	
	

	Oxygen
	42
	55
	62
	69
	11


Dissolved gas concentrations in a water column.

NOTE:  Illustrations or photos of equipment and a typical setup for gas cylinder storage are shown on the EBS web site (www.EBSinfo.com).

Gas infusion technology works in both high and low permeability sites.  Sites dominated by silts and clays may take considerably more time to see results due to the low groundwater flow velocities.  In addition, typically high carbon and organic content of silts and clays may provide large oxygen demand.  This technology works well in the presence of dissolved phase concentrations of total VOCs, nitrate, perchlorate and low concentrations of metals.  Bioremediation does not work well in the presence of non-aqueous phase liquids (NAPLs).

NOTE:  Some environmental regulatory agencies may require additional iSOC wells that are separate and distinct from the monitoring well network.

To apply the technology at this site, ___ wells containing the gas infusion tools will be used in the vicinity of impacted area. The following existing wells will be used for the infusion tools and ___ new wells will be installed in the area _______ using hollow stem augers.  The new wells will be designed to maximize the water column in the wells without piercing through any aquitards.  A typical well construction of a 20 foot well consists of 15 feet of schedule 40 PVC, 0.010 inch slotted screen and 5 feet of blank casing. Prior to well installation the boring locations will be hand augered or vacuum excavated to a depth of 5 to 8 feet, due to minimize the risk of hitting underground utilities in the area. Sites with sands and gravels have a 10-12 ft radius of influence (ROI) and silts and clay have a 12-15 ft (ROI).

The estimated zone of influence for the infusion wells is shown on Figure_________ (map view of radius of influence circles around each well).  Trenching will be installed to a minimum depth of 2 inches unlined, or 18-24 inches below ground surface if the gas delivery tubing is contained within PVC pipe.  The trenches will be installed from the wells to the cylinder storage unit that will house the system equipment.  The cylinder storage unit will meet all labeling requirements and NFPA guidelines. 

NOTE: EBS (1-800-H2O-AIR1) sells gas canister security cabinets that meet all labeling and NFPA guidelines.  Some environmental regulatory agencies may require a Hazardous Materials Business Plan or permit to store gases in cylinders.  

Sand will be laid at the bottom of the trenches to protect the tubing.  One-quarter inch outer-diameter flexible polyurethane  tubing will be installed in the trenches and used to connect the infusion tools to the cylinders in the secured compound. The tubing will be covered with sand and the trenches will be finished with mortar cement and smoothed out to match the existing surface.  The proposed trenching design for the gas infusion wells is shown in Figure __________.

Based on the manufacturer recommendations, the system should operate at an gas flow rate of 15 cc per minute or 0.77 cubic feet per day per well.  The miniaturized built-in iSOC regulators keep the diffusion gas pressure at about 2 to 5 per square inch (psi) above the maximum static water pressure. This pressure is required so the air chamber within the diffusion tool does not flood.  

Prior to system implementation, a baseline sampling event will be conducted on 2 wells (______)  within the plume, 1 well (____) downgradient and 1 well (____) upgradient or cross gradient.  Field tests for indirect geochemical indicators listed below. include pH, dissolved oxygen (DO), oxygen-reduction potential (ORP), temperature, conductivity.  In addition, total iron and ferrous iron (Fe+2) (reduced) will be measured using Hach colorimetric field kits.  Ferric iron (Fe+3) (oxidized) will be determined by subtracting the ferrous iron result from the total iron.  These indirect indicators will be measured every quarter during the quarterly monitoring events.  Dissolved anaerobic gases such as hydrogen and ethane can also be analyzed in the laboratory as an indirect indicator of subsurface conditions.

NOTE:  EBS (1-800-H2O-AIR1) sells downhole Point Four ORP and DO meters.  

INDIRECT INDICATOR STUDY

Enhanced anaerobic bioremediation samples include the contaminants, as well as indicators of microbial activity, terminal electron acceptors, geochemical indicators, REDOX conditions and other parameters to define subsurface conditions.  A summary of analytical is shown below:

Direct Indicator


Analyses

Contaminant



Various

Indirect Indicators


Analyses


Microbial Activity


Total Heterotrophic Plate Count

Specific Degraders

Genetic Test for D. ethenogenes (GC)

Macronutrients


Ammonia as nitrogen






Ortho-phosphate

Terminal Electron Acceptors

Oxygen, measured as dissolved oxygen (DO) in field






Nitrate (lab analysis)






Ferrous iron (Fe+2) and Total iron (field kits)






Sulfate (lab analysis)

Geochemical Indicators
Methane, ethane, acetylene, ethane

Organic acids (formaldehyde, lactic acid, propionic acid and butyrate

Phosphorous (PO4), H2S



Dissolved Mn, NH3



Molecular Hydrogen





Total Oxygen Demand

Solid or sediment oxygen demand (SOD, lab)






Water oxygen demand: 

Chemical Oxygen Demand (COD, lab)

Biological Oxygen Demand (BOD5, lab)

REDOX, Field Parameters

Oxidation-Reduction Potential (ORP) (downhole meter)






Temperature, pH, conductivity (field meter)






Dissolved Oxygen (DO) (downhole meter 


Other Analyses


Total dissolved solids (TDS, lab)







Chlorides (lab)

Recommended
Bench tests to verify that the contaminant will break down and to verify daughter products.  Chemist to review geochemistry.

NOTE:  EBS (1-800-H2O-AIR1) performs indirect indicator studies.  A detailed report with recommendations and charts is prepared, and clients receive free sampling containers.  For those performing the laboratory work themselves, EBS is available for consulting on an hourly basis.

Recommended Bottle Types Per Well for Enhanced Bioremediation Microbial Studies using Groundwater Samples:

ANALYSES




BOTTLE TYPE

BIOLOGICAL ANALYSES:
Heterotrophic Count 

Specific Degraders



1 Liter HDPE

CHEMICAL ANALYSES:

Methane, ethane, acetylene, ethane

(1) 40 ml VOA

Organic acids (formaldehyde, lactic 

(1) 40 ml VOA

acid, propionic acid and butyrate

Phosphorous (PO4), H2S


(1) 40 ml VOA 

Dissolved Mn, NH3



(1) 40 ml VOA

Genetic Test for D. ethenogenes (GC)
(1) 40 ml VOA

Molecular Hydrogen



(1) 40 ml VOA

pH, Speciated Alkalinity, o-Phosphate       
1 Liter HDPE 

Total Dissolved Solids (TDS)


1 Liter HDPE

Total Inorganic Carbon (TIC) 

1 Liter HDPE

Ammonia as nitrogen             


1 Liter Amber, H2SO4
Dissolved CO2                    


(1) 40 ml VOA 

Biological Oxygen Demand (BOD)             
1 Liter HDPE*

Chemical Oxygen Demand (COD)             
250 ml Amber, H2SO4 

Ferrous Iron (Fe2+) Reduced Form:

125 ML HDPE, HCl

HDPE
= high density polyethylene 

Field Tests:

Dissolved oxygen (DO), pH, temp,

Oxidation-Reduction Potential (ORP), 

Ferrous Iron (Fe2+) Reduced Form,

Total Iron, 

Temperature, pH, conductivity

Calculations: 

(Fe3+) Oxidized Form,

Dissolved carbon dioxide (CO2)

· Please provide a separate 1-liter container for BOD so there is sufficient volume to do all the additional tests with just one liter. Also, BOD needs to be measured from a container with minimal or no headspace.

SOIL SAMPLES:

For Soil Sample Bench Tests:  A minimum of 5 to 8 soil tubes (2-inch diameter by 6-inch long tubes) is required.  Bench tests typically require 3 to 4 gallons of soil with 3 to 4 gallons of groundwater.

Bench testing is highly recommended for anaerobic bioremediation projects.
DATA INTERPETATION


This data will be used to assess whether sufficient nutrients exist at the site to provide the necessary conditions for biodegradation and to monitor geochemical conditions as the anaerobic gas is added to the subsurface. If it is concluded that the levels do not exist, then the optimum nutrient mix will be determined and regulatory approval will be obtained prior to any addition of nutrients.   A summary of the scope of work, and necessary equipment is presented in ________. Based on the implementation of this technology at sites of similar lithology, the estimated time to reach the remedial objectives will be two to five years. 

Quarterly sampling of the designated wells (__________________) will be performed to evaluate remedial progress and to estimate the time needed to reach remedial target levels. The monitoring well samples will be analyzed according to _______________.
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GAS INFUSION CAPITAL COSTS

_________________________________________________________________________

        Vendor
         10%         Lump            Total   

        Cost
       Markup 
 Sum Cost        Cost

               _________________________________________________________________________

GROUNDWATER TREATMENT SYSTEM


Infusion Well Installation 





         

Gas Infusion Equipment


         

Miscellaneous (Baseline Sampling Event)


CONSTRUCTION ENGINEERING


Construction Labor & Equipment Rental






Engineering Oversight (Shall days x 1 person)





Utility Clearance & I Person Mobilization




Proposal Preparation




Construction Drawings & Specifications




Bid Package Solicitation & Evaluation’




RA Startup Report (Includes As-Builts)




Permitting & 1 Person Mobilization 

Professional Surveying



Oversight (2 days x 1 person)

NOTE:
Equipment prices include tax. All costs are rounded.

SUBTOTAL

CONTINGENCY (10%)

                                                   TOTAL CAPITAL COSTS 

GAS INFUSION OPERATING AND MAINTENANCE COSTS

             ________________________________________________________________________



                                               PRICE         YEAR  1      YEAR 2      YEAR 3       Monitoring and Maintenance


__________________________________________________________________________

ANALYUCAL GROUNDWATER

EPA Method Number:


4 Quarterly Wells


Indirect Indicators (2 X per year)


SUBTOTAL:


PROJECT MANAGEMENT

Project Preparation

Quarterly Monitoring Report

SUBTOTAL:


OPERATION & MAINTENANCE

System: 2 X first month; then monthly

Monthly O&M Report

Quarterly Sampling Visit

SUBTOTAL:


TOTAL O&M COSTS (LIFE OF PROJECT)
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