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1.0 INTRODUCTION 

1.1 Overview 

The Landfarm Management Plan provides information on how contaminated soil and snow 
will be handled in a safe and environmentally sound manner at the Miramar Hope Bay Ltd. 
(MHBL) Doris North Project (Doris North) in Nunavut.  
 
Landfarming is a form of bioremediation that uses naturally occurring micro-organisms 
contained in the soil (yeast, fungi or bacteria) to metabolize or break down petroleum 
hydrocarbons. Natural processes include volatilization, aeration, biodegradation and 
photolysis. End products are micro-organism protein, carbon dioxide and water. Stimulation 
of microbial growth and activity for hydrocarbon removal is accomplished primarily through 
the addition of air and nutrients (metabolism of hydrocarbons is mediated predominantly 
through aerobic microbes). 
 
1.2 Purpose and Scope of the Landfarm Management Plan 

The purpose of this document is to provide a consolidated summary of information on the 
operation of the landfarm treatment area to be used at the Doris North Project both during 
the operational and reclamation phases to treat hydrocarbon contaminated soil and snow 
generated by MHBL’s operations. These procedures are an integral component of the 
overall Environmental Protection Plan (EPP) for the proposed Doris North Project and will 
be periodically reviewed and updated as the Doris North mine moves through construction, 
operations, and final closure and reclamation.      
 
This Management Plan is a component of the Doris North Environmental Management 
System and will be updated after the water license has been issued to incorporate any new 
commitments made by MHBL during the license process and to incorporate any conditions 
contained within the water license relating to the handling and treatment of hydrocarbon 
contaminated snow and soil materials. This Management Plan is to be reviewed annually 
during the first quarter of each calendar year by the mine’s environmental staff and updated 
as needed to reflect changes in operating procedures. The revised Landfarm Management 
Plan will be made available to the appropriate mine operating staff with appropriate 
refresher training and sent to the Nunavut Water Board for inclusion in the public registry. 
 
The Landfarm Management Plan is intended to provide the mine’s operating staff with a 
summary of the handling and management procedures for the treatment of hydrocarbon 
contaminated snow and soil materials developed through the environmental assessment 
and project design process. It similarly provides a summary of the same to the regulatory 
agencies and to the land owner who have regulatory interest over the mine facilities. 
 
This Plan is not intended to be a design document for the landfarm treatment facility. The 
reader is referred to the following sources for design information: 
 

• Design of the Surface Infrastructure Components Doris North Project, Hope Bay, 
Nunavut, Canada, prepared for MHBL by SRK Consulting Engineers and 
Scientists, dated March 2007. (Supporting Document S2 to the Revised Water 
License Application Support Document, April 2007) 

o Sections 4.17 and 5.11 Landfarm. 
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• Engineering Drawings for Tailings Containment Area and Surface Infrastructure 

Components, Doris North Project, Nunavut, Canada, prepared for MHBL by SRK 
Consulting Engineers and Scientists, dated March 2007. (Supporting Document S4 
to the Revised Water License Application Support Document, April 2007) 

o Drawing G-02 General Arrangement; 
o Drawings S-13 and S-14 Landfill and Landfarm Typical Plan, Sections and 

Details. 
 
• Technical Specifications for Tailings Containment Area and Surface Infrastructure 

Components, Doris North Project, Hope Bay, Nunavut, Canada, prepared for MHBL 
by SRK Consulting Engineers and Scientists, dated March 2007. (Supporting 
Document S3 to the Revised Water License Application Support Document, April 
2007) 

o Section 10.2.23 Landfarm; 
o General material specifications for fill materials is contained in Section 7; 
o General specifications for geosynthetics is contained in Section 8; and 
o General specifications for fill placement is contained in Section 9. 

 
1.3 Responsibility 

• Mine General Manager – The Mine General Manager has overall responsibility for 
this management plan and will be the party to provide the mine site resources to 
develop and manage the landfarm facility. 

• Surface Superintendent – The mine’s Surface Superintendent will have mine site 
responsibility for the implementation of this management plan and will provide the 
on-site resources to operate and manage the landfarm facility in accordance with 
the plan; conduct regular inspections of the landfarm; and provide input to the mine 
management team on modifications in design and operational procedures to 
improve operational performance of this facility. The Site Surface Superintendent, 
through his foremen, will provide daily supervision to site operational personnel on 
the operation of the landfarm facility including but not limited to: turning of soil within 
the landfarm, treatment and removal of water and snow accumulations within the 
landfarm as needed, and the removal of treated soil into the natural environment 
once cleared by the site’s Environmental Coordinator. 

• Environmental Coordinator – The site Environmental Coordinator has responsibility 
to: keep this management plan updated; provide technical expertise to the site 
operational personnel on the operation and maintenance of the landfarm; sampling 
of the contaminated soil and assessment of whether remediation has met applicable 
regulatory standards; provide operational personnel with direction as to when and 
where remediated soil should be moved; conduct annual audit of the facility; and 
provide an audit report to the Surface Superintendent and Mine General Manager. 
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2.0 APPLICABLE LEGISLATION 

Both federal and territorial legislation regulates the management of hazardous materials in 
Nunavut. Copies of relevant legal documents will be kept on file at the mine site. 
Management and safety personnel will provide an overview of the applicable regulations to 
all employees as part of their orientation training and through ongoing training.  
 
The Environmental Protection Service of the Nunavut Department of Sustainable 
Development has published an “Environmental Guideline for Soil Remediation” that 
provides guidance as to acceptable levels for the remediation of hydrocarbon contaminated 
soils in Nunavut.  These guidelines are derived from the CCME 1991 Interim Criteria and 
the CCME 1997 Recommended Soil Quality Guidelines. MHBL will use the industrial 
remediation guideline as set out in Table 2.1 to determine when soil has been remediated 
to a level acceptable for removal from the landfarm facility for use in site remediation.  

Table 2.1:  Nunavut Environmental Guidelines for Soil Remediation 

 

 
 

Other acts, regulations, and guidelines pertinent to the landfarm treatment of contaminated 
soil materials and general handling of hazardous materials at the Doris North Project are as 
follows: 

Federal 

• Canadian Council of Ministers for the Environment (CCME) 2003 Guidelines for 
Contaminated Soils – Industrial Sites (attached in Appendix A). 
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Nunavut 

• Consolidation of Environmental Protection Act (RSNWT 1988c E.7) 
• Consolidation of the Environmental Rights Act RSNWT 1988 c83 2nd Supp) 
• Fire Prevention Act and Regulations  
• Environmental Guideline for General Management of Hazardous Waste 
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3.0 LOCATION AND CONSTRUCTION OF FACILITIES 

The landfarm treatment area will be located within the footprint of Quarry 2 (within the 
footprint of the non-hazardous landfill site). Figure 3-1 shows the location of the Quarry at 
Doris North and Figure 3-2 is a site arrangement; Figure 3-3 shows a cross section of the 
facility. 
 
The proposed landfarm will be an area of approximately 50 m by 25 m (1,250 m2) located 
within the north end of Quarry 2. A nominal levelling layer of fine crushed quarry rock 
(surfacing material) (0.1 m thick) will be laid down to provide a base for the landfarm liner. 
Additional crushed rock will be used to create the bermed area for the landfarm. The low 
permeability HDPE geomembrane liner, sandwiched between geotextile, will be placed on 
the floor of the landfarm and continued up into a berm completely surrounding the area. A 
ramp will be constructed of crushed rock to allow vehicles to enter and exit the landfarm 
without damaging the containment berm. A thin bedding layer of fine crushed rock 
(surfacing material) (0.3 m) will be placed on top of the liner to protect it from damage from 
vehicles delivering contaminated soils to the landfarm. The useable volume within the 
facility is 1,000 m3 (25 m by 50 m by 0.8 m). The landfarm facility will be constructed with 
QA/QC conducted by a geotechnical engineer present during construction. The 
geotechnical engineer will inspect the placement of the geotextiles and HDPE liner and 
ensure the integrity of the liner before the bedding layer is placed. No vehicle with a tire 
pressure greater than 200 kPa will be allowed into the landfarm area once the liner is 
placed.   
 
The landfarm facility will not be fenced as it is located within the footprint of Quarry 2 and is 
thus isolated from the surrounding tundra. The landfill floor will be graded to the southeast 
corner of the Quarry where a pollution control sump will be installed1. Typically the landfarm 
facility will be a closed drainage system with any collected water reporting to the sump 
within the landfarm which in turn will be treated through an oil water adsorption system 
before being land applied onto the tundra to the east of Quarry 2. Any spillage or release 
from the bermed landfarm should drain to the separate landfill sump where it can be 
intercepted if needed.   

 
1 For additional information on the landfill pollution control sump operation see Landfill Management Plan, Supporting 
Document S10g to the Revised Water License Application Support Document, April 2007. 
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Figure 3.1:  Site Map 
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Figure 3.2:  Landfarm Site Arrangement 
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Figure 3.3:  Landfarm Cross Section 
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4.0 LANDFARM OPERATION 

4.1 What Materials Will Be Treated at the Landfarm Facility 

The Doris North landfarm facility will only receive hydrocarbon contaminated snow and soil 
materials generated through MHBL’s ongoing mining and exploration activity on the Hope 
Bay Belt. No material from other sites will be accepted at this facility without the approval of 
the Kitikmeot Inuit Association (KIA) and the Nunavut Water Board (NWB). 
 
At the Doris North Project and in its regional exploration activity, MHBL’s use of 
hydrocarbons is limited by need to the following products: 
 

• Diesel fuel for generators and for diesel fuelled mobile equipment (vehicles); 
• Aviation fuel for helicopters and small aircraft (Jet B); 
• Hydraulic oils; and 
• Gasoline. 

 
In the event of all spills, MHBL’s on-site Environmental Coordinator will be contacted and 
consulted by the operations personnel and their contractors on clean up and remediation 
protocols. The Environmental Coordinator will, based on their investigation and 
understanding of the spill, make a decision on how each spill is to be cleaned up and the 
affected area remediated. In the event where soil or snow is contaminated by spilled 
hydrocarbons, the Environmental Coordinator will give direction to the clean up personnel 
on whether this contaminated soil and/or snow is to be taken to the Doris North landfarm 
facility and where within the facility it is to be placed. The Environmental Coordinator will 
ensure that only hydrocarbon contaminated soil and/or snow is taken to the landfarm and 
that other contaminants such as heavy metals, glycol or heavy oils that are not bio-remedial 
using the landfarm procedures are not mixed with soils/snow taken to the landfarm. This 
action is to preserve the remedial performance of the landfarm and prevent generation of 
large volumes of contaminated soil that cannot be successfully bio-remediated. Alternative 
methods will be used to address these types of contaminants, up to and including off-site 
disposal through appropriate remediation/disposal facilities or by placing them underground 
in stopes to be subsequently backfilled where they will be isolated from surface water by 
permafrost.  
 
Organic garbage from the camp kitchen and dormitory areas will be burned in a purpose 
built incinerator to limit the potential for food wastes to attract wildlife. This ash is typically 
low in metal contaminants due to its source but high in nutrients that can improve the 
suitability of soil to sustain vegetation. Consequently MHBL intends to take this ash from 
the kitchen incinerator, place it into drums and then move it to the landfarm where each 
summer season it will be mixed using a hand rake and/or roto-tiller to blend this material 
into the soil undergoing remediation. It is estimated that approximately 5 m3 per year of 
incinerator ash will be blended with the hydrocarbon contaminated soil undergoing 
remediation each year.  
 
4.2 Estimated Volumes of Material to be Treated at the Landfarm Facility 

MHBL does not plan on having any hydrocarbon spills at the Doris North site, however past 
experience within the industry suggests that some spills will occur. For planning purposes, 
MHBL has estimated that the following volumes of hydrocarbon contaminated materials will 
be generated by its activities at the Doris North site: 
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• Hydrocarbon Contaminated Soil  - estimated volume of 25 m3 per year (an 

aggregate area of 5 m by 5 m by 1 m deep); and 
• Hydrocarbon Contaminated Snow – estimated volume of 50 m3 per year (an 

aggregate area of 5 m by 10 m by 1 m deep). It has been estimated that this 50 m3 
of contaminated snow will melt to create approximately 3,000 litres of water (using a 
snow water equivalency of 59.2 litres per m3)2. This equivalency represents the high 
end of measured values rather than an average, specifically 25 cm of snow on the 
ground being equal to 14.8 mm of snow water equivalent. The higher end value was 
selected to ensure a conservative assumption on water volume to be collected 
within the landfarm once the contaminated snow has melted. 

 
The proposed landfarm has a volume of approximately 1,000 m3 within the bermed area 
(based on a storage berm height of 0.8 m – from top of fill on top of the HDPE liner to the 
top of the liner on the berm). Assuming a freeboard allowance of 0.25 m, then this volume 
decreases to approximately 688 m3. Consequently the landfarm could contain 
approximately 364 m3 of contaminated soil (deducting 324 m3 for annual precipitation and 
allowing for a freeboard of 0.25 m). Each cubic metre of contaminated snow is equivalent to 
approximately 0.06 m3 of water storage volume. 
 
While remediation rates are very site specific, MHBL has assumed for design purposes that 
it will require 3 full operating seasons to remediate soils contaminated with light 
hydrocarbons such as diesel fuel and 6 operating seasons to remediate soils contaminated 
with heavier hydrocarbon fractions such as motor oil. The designed facility has been 
constructed in excess of the theoretical volume requirements for a 6 year cycle (6 times 25 
m3) to ensure that capacity is available if and when it should be needed.  
 
In the event of a very large spill the contaminated soils would have to be temporarily stored 
while a new landfarm cell is constructed. In such an event this contaminated soil could be 
placed underground while an adaptive management plan was developed such as 
construction of a second landfarm cell somewhere on site. Such a facility has not been 
considered by MHBL at this time.  
 
4.3 Water Balance for the Landfarm Facility 

A precipitation and temperature profile for the area is taken from the baseline meteorology 
data compiled for the Doris North Project3.  The average monthly air temperature is 
typically above 0°C between June and September with the peak in July, and below freezing 
between October and May with the coldest temperatures usually occurring in February. The 
mean annual precipitation adjusted for under-catch is approximately 207 mm with 41% 
occurring as rain between May and October and 59% as snow through the remainder of the 
year. 
 

 
2 This equivalency rate was taken from the Concurrent Seasonal Snow Data, 1996 to 2006 reported for Cambridge Bay and 
Kugluktuk as reported in Table 3.7, Doris North Project Hydroclimatic Parameter Re-Evaluation 2006, Supporting Document 
S5 to the Doris North Water License Application Support Document, December 2006). 
3 AMEC, 2003.  Meteorology And Hydrology Baseline, Doris North Project, Nunavut, Canada, prepared for Miramar Hope Bay 
Ltd.  November 2003, p.D-iii. 
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The landfarm treatment facility has a footprint of approximately 1,566 m2 (including the 
berm footprint) providing a total precipitation collection area of 1,566 m2 from which water 
must be collected and treated. Mean precipitation ranges from 94 mm to 207 mm, with only 
about 41% falling as rain. Annual lake evaporation (typically occurring between June and 
September) is about 220 mm. Consequently the mean annual volume of precipitation runoff 
expected to be collected within the landfarm is as follows: 
 
Landfarm (1,566 m2) 147 m3 to 324 m3 (1,566 m2 x (mean precipitation in mm/1,000)) 
 
While it is understood that a lot of this runoff will be lost through wind movement of snow, 
sublimation and evaporation, for the purposes of estimating the maximum potential volume 
of water to be treated through the oil adsorption system, these losses have not been 
considered. Offsetting sublimation and evaporation losses from within the liner of the tank 
farm and landfarm treatment facilities will be contaminated snow brought to the landfarm 
treatment facility for remediation (estimated at approximately 3 m3 per year). Consequently 
the total estimated volume of water to be treated through the landfarm oil-water adsorption 
system is between 150 m3 to 327 m3 (150,000 to 327,000 liters per year).  
 
All precipitation runoff and snowmelt collected within the landfarm sump will be collected 
and treated through an F1 “Flow and Plug” Oil Adsorption System (Model F11-C-180-TM-
Cx2 as supplied by Terry Ruddy Sales of Edmonton Alberta). A photo and a copy of the 
operations/maintenance manual for this system are attached as Appendix B). This system 
consists of a self priming electric pump, a particulate filter, a drum containing TM-100 oil 
adsorbing media and two activated carbon media containers connected in series. The unit 
operates at 5 to 7 gpm (19 to 26 lpm). Consequently the maximum discharge time required 
to treat and release all of the expected water collected within the landfarm will be  
~290 operating hours (12 operating days). This system will be operated (i.e. the frequency 
of pumping) to keep the sump level down so that the soil undergoing remediation does not 
become saturated with the precipitation and snowmelt water collected within the landfarm 
(remediation is not effective when the soil is saturated as aeration is prevented).  
 
4.4 How Will Contaminated Soil Be Tested 

Early in each summer the soils placed within the landfarm facility will be sampled and 
analyzed for Benzene, Toluene, Ethylbenzene, Xylene (BTEX), Total Petroleum 
Hydrocarbons (TPH), polychlorinated biphenyl (PCB), and an ICP-MS 30 element trace 
metal scan to determine the nature and amount of contamination to be addressed. 
 
Soils with light hydrocarbon fraction products (diesel fuel and Jet B) are expected to be 
most easily landfarmed and will thus be kept in a separate pile within the landfarm for 
remediation. Soils contaminated with heavy fraction hydrocarbons, such as motor or 
hydraulic oils, will be more difficult to remediate and thus these materials will be segregated 
and treated within a separate pile within the same landfarm facility. Hydrocarbon 
contaminated snow will be placed within one designated area of the landfarm facility in a 
location where the snowmelt can be collected in the early summer at the low point within 
the berm and the resultant contaminated water pumped to an oil water treatment system 
(an F1 “Flow and Plug” Oil Adsorption System (Model F11-C-180-TM-Cx2 as supplied by 
Terry Ruddy Sales of Edmonton Alberta). 
 

 Page 11 



Miramar Hope Bay Ltd. 
Landfarm Management Plan 
Doris North Project, Nunavut 
April 2007 
 
Additional information on environmental performance sampling (sampling procedures, 
analytical parameters, frequency and target performance criteria) around this landfarm 
facility is provided in Section 4.7  

4.5 Landfarm Operational Procedures 

A record will be kept by MHBL’s on-site Environmental Coordinator of the amount of 
contaminated soil and snow placed in the landfarm and the location of each batch of 
contaminated soil within the landfarm by contaminant type and length of remediation. The 
landfarm will be monitored weekly during summer months by the Environmental 
Coordinator to ensure proper operating conditions of soil moisture and aeration, i.e., 
moisture content between 15 and 30%, uncompacted soil.  
 
A mixture of ammonium nitrate and corn cobs will be used as a bacterial medium and 
mixed with the contaminated soil in the first warm weather summer months after the 
contaminated soil is placed within the landfarm. These corncobs are a commercial 
packaged product purchased from a supplier in Edmonton. They are dried and ground 
pellets made from corncobs packaged in 25 kg bags which are then shipped to site for use. 
An adequate supply will be kept at the Doris North site for use in bio-remediation of 
hydrocarbon contaminated soils. These corncob pellets add a natural organic nutrient 
source to enhance the performance of the natural bio-remediation bacteria. Similarly 
ammonium nitrate fertilizer purchased from a supplier in Edmonton adds a nutrient source 
to enhance the performance of the natural bio-remediation bacteria that are present in the 
soil. Based on past experience the following initial rates of bioremediation medium will be 
added: 
 

• 1 kg of corncob pellets per cubic meter of soil; and 

• 0.25 kg of ammonium nitrate fertilizer per cubic meter of soil.  

 
These addition rates are monitored by the on-site Environmental Coordinator and adjusted 
as needed based on remediation performance over the summer operating season. The 
medium is hand spread onto the surface of the soil undergoing remediation and mixed in 
using a hand rake and by a roto-tiller to mix the soil down to a depth of approximately 15 to 
20 cm. No medium is added during winter months when bio-remediation is essentially 
dormant. 
 
The landfarm design incorporates a separate area of approximately 12.5 m2 for the 
temporary storage of hydrocarbon contaminated snow over the winter months. In the spring 
the snow will melt and drain through the internal berm to report to the landfarm sump. This 
internal berm will not be lined and sufficiently porous to allow the snowmelt water to drain to 
the landfarm pollution sump.  
 
Soil containing petroleum products will be spread uniformly over the surface of the prepared 
area.  The new contaminated soil will be incorporated into the top 15 to 20 cm of the 
existing soil base in the landfarm, generally using a manual rake or with roto-tiller, provided 
that precaution is taken to protect the underlying HDPE liner from the tiller blades. Soils will 
be tilled monthly over the summer period (June to September) to ensure adequate aeration. 
Soils will be remediated in separate batches or mixed with soil already undergoing 
remediation based on the assessment of the on-site Environmental Coordinator. This 
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assessment will consider the nature and degree of contamination of the new soil and the 
remediation status of soils already in the landfarm. In some circumstances it may be 
preferable to mix a small volume of lightly contaminated soil in with soil that is nearing 
completion of remediation to accelerate the overall remediation process by blending the 
new soil with remediated soil.  
 
Soils will be kept moist with a target soil moisture content of 15% to 30%; water will be 
applied where necessary and soil moisture content monitored to help ensure it stays within 
the acceptable range. Bio-remediation performance drops off when soil moisture increases 
to the saturation point where aeration no longer can take place. The soil also must be dry 
enough to allow the roto-tiller to mix the soil exposing new material to the air. Soil will be 
also be watered as required to prevent dust generation; saturation will be avoided. The 
source of this water will be from the sump located within the landfarm facility and applied 
using a pump and hose with a spray nozzle or spray bar. Moisture determinations will be 
made on site using the procedure outlined in ASTM D2216-05 standard test method for 
determination of water content in soil and rock. 
 
All water collected in the landfarm sump will be pumped to a portable head tank and then 
treated through an F1 “Flow and Plug” Oil Adsorption System (Model F11-C-180-TM-Cx2 
as supplied by Terry Ruddy Sales of Edmonton Alberta). This is a portable unit set up on 
standard pallets so that they can be moved to the landfarm facility as and when needed. 
The system consists of a self priming electric positive displacement pump, a particulate 
filter, a drum containing TM-100 oil adsorbing media and two activated carbon media 
containers connected in series. The unit operates at 5 to 7 gpm. The unit is designed so 
that the TM-100 oil adsorbing media will blind off when it reaches its absorbent capacity. 
The unit will be moved into location soon after the spring snowmelt so that the landfarm can 
be drained of standing water to prevent saturation of the contained soil undergoing 
remediation. The unit will then be moved back into the landfarm whenever the sump fills to 
keep the soils unsaturated. 
 
No allowance has been made to remove uncontaminated snow from the landfarm. It has 
been designed on the assumption that all snow collected in the landfarm will melt and have 
to be treated through the oil-water adsorption system. In reality, MHBL will attempt to 
remove uncontaminated snow from this facility, specifically in areas of drift in the late winter 
ahead of the spring thaw. A combination of hand shovelling and a small bobcat front end 
loader will be used to clear this snow where practical. This activity will be directed by the 
on-site Environmental Coordinator.   
 
All precipitation runoff collected within the landfarm facility is pumped from the internal 
landfarm sump to the portable head (feed) tank and then pumped through the Oil 
Adsorption System with the treated water then directed onto the nearby tundra to be land 
applied in a method that prevents erosion at the point of application. The discharge from the 
Oil Adsorption System is sampled and analyzed on a once per day basis whenever the 
system is in operation (see Section 4.7).  
 
Equipment used in the landfarming operation for aeration, etc. will be cleaned off within the 
landfarm area prior to exiting to ensure that contaminated soil is not transferred away from 
the landfarm on the wheels and other parts of this equipment.   
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4.6 Soil Sampling, Applicable Remediation Guidelines, Inspections and Repairs 

The Environmental Protection Service of the Nunavut Department of Sustainable 
Development has a published an “Environmental Guideline for Soil Remediation” that 
provides guidance as to acceptable levels for the remediation of hydrocarbon contaminated 
soils in Nunavut. These guidelines are derived from the CCME 1991 Interim Criteria and the 
CCME 1997 Recommended Soil Quality Guidelines. 
 
MHBL will use the industrial remediation guideline as set out in Table 2.1 (above) to 
determine when soil has been remediated to a level acceptable for removal from the 
landfarm facility for use in site remediation.  
 
A record will be kept by MHBL’s on-site Environmental Coordinator of the amount of 
contaminated soil and snow placed in the landfarm and the location of each batch of 
contaminated soil within the landfarm by contaminant type and length of remediation. The 
landfarm will be monitored weekly during summer months by the Environmental 
Coordinator to ensure proper operating conditions of soil moisture and aeration, i.e., 
moisture content between 15 and 30%, uncompacted soil.  
 
Soil samples will be collected at least once per year by MHBL and tested for Benzene, 
Toluene, Ethylbenzene, Xylene (BTEX), Total Petroleum Hydrocarbons (TPH), 
polychlorinated biphenyl (PCB) and total metals using a 36 element ICP-MS scan. Soil 
hydrocarbon concentrations will be monitored to ascertain the point where soils are no 
longer considered contaminated. There are no CCME guidelines for density of soil sampling 
in landfarms, consequently MHBL proposes that each separate pile within the landfarm be 
divided into quadrants, and sampled with a target density of one composite of ten samples 
per 25 m3 to adequately characterize the soil’s hydrocarbon levels. The soil sampling 
records will be kept by the Environmental Coordinator and reported to the KIA and the NWB 
as required (at a minimum as part of the annual reporting). More frequent sampling may be 
conducted by the Environmental Coordinator especially when soil is nearing the successful 
remediation levels to verify when soil can be moved out of the landfarm and used in site 
reclamation.  
 
Remediated soils will be used for reclamation purposes specifically on areas where the 
existing vegetative cover has been disturbed. The area where the remediated soil is to be 
used will be opportunistic in that the soil will be used in areas available for progressive 
reclamation when these soils meet the GN Remediation criteria.  
 
Any required repairs to the landfarm facility will be noted during the weekly inspections 
conducted by the Environmental Coordinator and arrangements will be made to have the 
repairs effected promptly. The nature of the repairs required and when repairs were 
completed will be recorded in the landfarm log. Any unauthorized use of the facility noted 
on inspections will be reported to the Mine General Manager for corrective action and 
discussed at Health and Safety Committee meetings. 

 Page 14 



Miramar Hope Bay Ltd. 
Landfarm Management Plan 
Doris North Project, Nunavut 
April 2007 
 
 
4.7 Performance and Environmental Monitoring Program 

MHBL will implement a monitoring program around the landfarm facility. The objective is to 
measure both soil and water to verify that remediated soil removed from the landfarm and 
treated water from the landfarm meets the appropriate remediation criteria. The monitoring 
program proposed by MHBL is broken down as follows: 
 

1. Contaminated soil within the landfarm will be sampled at the beginning of each 
summer treatment season to verify the nature and extent of contamination within the 
soils to be remediated. The soil samples will be collected by MHBL and tested for 
Extractable Hydrocarbons F1 and F2, Benzene, Toluene, Ethylbenzene, Xylene 
(BTEX), Total Petroleum Hydrocarbons (TPH), polychlorinated biphenyl (PCB) and 
total metals using a 36 element ICP-MS scan. MHBL proposes that each separate 
pile within the landfarm be divided into quadrants, and sampled with a target density 
of one composite of ten samples per 25 m3 to adequately characterize the soil’s 
hydrocarbon levels. The soil sampling records will be kept by the Environmental 
Coordinator and reported to the KIA and the NWB as required (at a minimum as part 
of the annual reporting). 

 
2. A similar sampling program will be conducted by MHBL prior to any soil being 

removed from the landfarm for use in reclamation to demonstrate that the soil has 
been remediated to the GN remediation standards (Industrial) as set out in Table 
2.1. The soil samples will be collected by MHBL and tested for Extractable 
Hydrocarbons F1 and F2, Benzene, Toluene, Ethylbenzene, Xylene (BTEX), Total 
Petroleum Hydrocarbons (TPH), polychlorinated biphenyl (PCB) and total metals 
using a 36 element ICP-MS scan. MHBL proposes that each pile of remediated soil 
be divided into quadrants, and sampled with a target density of one composite of ten 
samples per 25 m3 to adequately characterize the soil’s hydrocarbon levels. The soil 
sampling records will be kept by the Environmental Coordinator and reported to the 
KIA and the NWB as required (at a minimum as part of the annual reporting). 
Similarly records will be kept and reported as above as to each location where 
remediated soil is placed along with an estimate of the volume placed in each 
location. 

 
3. Samples of the precipitation runoff and snowmelt water collected within the landfarm 

facility liner will be conducted early each summer following the spring melt to 
determine water quality prior to the start up of the oil adsorption treatment system. 
The samples will be analyzed for pH, Total Suspended Solids, Total Oil and Grease, 
Benzene, Toluene, Ethyl benzene and Total Ammonia.  

 
The discharge from the Oil Adsorption system will be sampled and analyzed on a once per 
day basis whenever the system is in operation. The sample will be taken from the discharge 
of the Oil Adsorption System prior to this water being land applied onto the tundra. The 
samples will be analyzed for:  pH, Total Suspended Solids, Total Oil and Grease and Total 
Ammonia. MHBL recommends that the standard that must be achieved for discharge be set 
as set out in Table 4.1:  
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Table 4.1:  Proposed Discharge Standard for Water Discharged from the lined Fuel 
Transfer Station, Fuel Tank Farm and Landfarm Facilities 

Parameter Being 
Monitored 

Proposed Discharge 
Standard (mg/L)1

pH 5.0 to 9.0 

TSS 15.0 

Total Oil and Grease 5.0 

Total Ammonia 2.0 
1 Based on a review of discharge limits used at other mine sites in the NWT for 

small volume discharges into freshwater 

 
MHBL looked at discharge limits established in other water licenses for relatively new mine 
sites in the North to determine what discharge standards were being used to protect the 
freshwater aquatic environment for small volume discharges from surface runoff ponds and 
fuel containment facilities4. Only limited information could be found. At Doris North the 
treated water released from the fuel transfer station, the fuel tank farm and landfarm will be 
land applied onto the tundra. The tundra will play a significant role in attenuating 
contaminants contained in this release. The large dilution available in Doris Lake and 
Roberts Bay will further attenuate these contaminants. The proposed discharge limits for 
the release of treated water from these facilities (Table 4.1) were drawn from the data in 
Table 6.2 in the Water Management Plan. These levels have been selected by the 
regulatory agencies managing water in the N.W.T. as being protective of water quality in 
the receiving environment in similar settings. 
 
MHBL will apply the following QA/QC procedures during sampling:  

• Use of field blanks: Field blanks are samples of pure water that are 
subjected to exactly the same procedures as routine samples, following 
which they are analyzed for the same parameters as the field samples. Any 
measurement of the parameter of interest, above method detection limits, 
will indicate any analytical error, impurities in the laboratory distilled water 
supply, contaminated sample preservatives, or contamination of the sample 
during the handling process. Combined with the results of other quality 
control procedures, analysis of field blanks can help identification of sources 
of contamination. A set of field blanks will be made up once each month and 
taken into the field when the active SNP stations are sampled. New sample 
bottles will be used and prepared using distilled water from the normal 
laboratory water supply. This set will represent all of the parameters routinely 
analyzed. They will be preserved in the field and submitted to the laboratory 
identified as field blanks. 

                                                 
4 The results of the MHBL review are presented in Table 6.2, Water Management Plan, Supporting Document S10j to the 
Revised Water License Application Support Document, April 2007.  
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• Duplicate sampling – Replicate sampling (or sometimes referred to as 
duplicate sampling) is the collection of more than one sample for a given 
analysis at a given location. The replicate samples are collected, handled, 
and analyzed using the standard procedures applied to routine samples. 
Replicate sampling, combined with the results of other quality control 
procedures, can help indicate sources of error and are particularly useful in 
identifying problems with accuracy and sampling methods. Once per 
operating season, for each active Water License Surveillance Network 
Program stations (sampling stations prescribed in the Water License), a set 
of duplicate samples will be taken, representing as many of the routine 
analyses as possible. Where possible, this should be carried out in 
conjunction with audit sampling conducted by the designated inspector. 
Replicate sampling should alternate between the prescribed Water License 
Surveillance Network Program stations. 

These results will be included in the reports provided to the NWB and KIA. 

Samples will be delivered to the analytical laboratory as soon as possible after 
collection. All samples will be stored and transported at a temperature <10 degrees 
Celsius. Coolers and ice packs are provided for field transportation and samples will 
be refrigerated as soon as possible following arrival at the laboratory. 

A chain of custody form will be completed for each sampling site respectively. The 
original will be sent to the external laboratory while a copy will be filed accordingly 
on-site. A follow-up call will be made to the external environmental laboratory 
ensuring that samples are received5. 

 
5 Sampling program is also included in the Monitoring and Follow-Up Plan, Supporting Document S10m to the Revised Water 
License Application Support Document, April 2007. 
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5.0 LANDFARM MANAGEMENT 

5.1 General 

The focus of management of the landfarm will be safety and environmental responsibility. 
Employees working in the landfarm will be trained prior to commencement of work so that 
they are aware of the health and safety risks associated with the landfarm. 

5.2 Health and Safety 

There are four primary exposure pathways to chemicals within the landfarm: 

1. Inhalation; 
2. Ingestion; 
3. Skin contact; and 
4. Eye contact. 
 

Since the facility is outside and concentrations of contaminants will be generally relatively 
low, inhalation exposure is not likely to be problematic. In special circumstances where 
contamination is heavy, respirators can be worn to scrub the air of volatile organics. 
Ingestion, under normal circumstances is very unlikely.   

Skin contact will be prevented by issuing suitable personal protective equipment to 
employees working in the landfarm. Personal protective equipment suitable for petroleum 
hydrocarbons is listed in the Material Safety Data Sheets for petroleum products that may 
be transferred to the landfarm in contaminated soil or snow and summarized in Table 5-1.  

Eye contact is unlikely under normal circumstances. Where hand work is to be carried out 
in the landfarm with the risk of eye contact, protective goggles will be required. 

Table 5.1:  Guidelines for Safe Handling of Contaminated Soil and Snow 
Personal Protection 
Ventilation Use adequate ventilation (normally assured at the landfarm due to being 

outdoors). 
Respiratory 
protection 

Not generally required unless needed to prevent respiratory irritation. Use 
organic cartridge respirator per MSDS recommendations. 

Eye protection For splash protection, use chemical goggles and face shield 
Skin protection Use gloves resistant to the material being used, i.e., neoprene or nitrile 

rubber.  Use protective garments to prevent excessive skin contact. 
Health Hazard Data 

Eye: May cause mild irritation, with stinging and redness of eyes. 
Skin: May cause severe irritation. Repeated or prolonged contact may cause 
defatting of the skin, resulting in dermatitis. Dermal LD50 for diesel fuel is >5 
mg/kg (rabbit). 

Acute effects of 
overexposure 

Inhalation: May cause irritation to nose, throat or lungs. Headache, nausea, 
dizziness, unconsciousness may occur. 
Ingestion: Swallowing small amounts is not likely to produce harmful effects. 
Ingestion of larger amounts may produce abdominal pail, nausea and 
vomiting. Aspiration into lungs can produce severe lung damage and is a 
medical emergency. 
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First Aid and Emergency Procedures 
Eye Flush eyes with running water for at least 15 minutes. If irritation or adverse 

symptoms develop, seek medical attention. 
Skin Immediately wash skin with soap and water for at least fifteen minutes. If 

irritation or adverse symptoms develop, seek medical attention. 
Inhalation Remove from exposure. If breathing is difficult, give oxygen. If breathing 

ceases, administer artificial respiration followed by oxygen. Seek immediate 
medical attention. 

Ingestion Do not induce vomiting. Seek immediate medical attention. 
Fire 
Fire extinguishing 
media 

Dry chemical, foam, or carbon dioxide. 

 

5.3 Landfarm Closure 

The landfarm will be decommissioned when the mine is closed, or some time period after 
closure, depending on requirements for its use during the reclamation period. Remediated 
soils that test clean (based on the Nunavut Environmental Guideline for Site Remediation – 
Industrial Standard) will be used for reclamation. Soils that remain contaminated and the 
underlying fine crushed rock from the landfarm will be placed underground at the time of 
landfarm decommissioning and be encapsulated by permafrost. The HDPE geomembrane 
will be cleaned, cut up and disposed of in the non-hazardous landfill. Bedding rockfill (below 
the geomembrane) will be tested for presence of petroleum hydrocarbons, and if clean, 
used for reclamation of the adjacent landfill but, if not, placed underground as well. A 
representative sampling grid will be used to characterize this underlying rockfill material 
using grid lines set at 10 m intervals with sampling of the rockfill at 50% of the grid 
intersection nodes.  

The site will then be levelled consistent with other reclamation activities at the mine6. 

 

                                                 
6 Further details in Section 6.1.5.10, Mine Closure and Reclamation Plan, Supporting Document S10l to the Revised Water 
License Application Support Document, April 2007. 
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subject to some exceptions [subsection 5(3)].  When a discharge occurs and it is 
inconsistent with the guidelines, the discharge is considered an unacceptable risk.  The 
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A guideline allows for some leniency in applying the law.  A court would probably be inclined 
to consider the application of a guideline favorably because the public is aware of the 
standards they are expected to meet. 
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GUIDELINE FOR CONTAMINATED SITE REMEDIATION 
 
1 Introduction 
 
The purpose of this guideline is to help you solve a contamination problem on your property by 
setting standards for site remediation.  This guideline will focus on hydrocarbons because they are 
the most common type of contaminant in Nunavut.  However, the principles outlined here can be 
applied to other types of site contamination.  Section 2.2 of the Environmental Protection Act gives 
the Minister of Sustainable Development the authority to develop, co-ordinate and administer these 
guidelines (see Appendix). 
 
1.1 Definitions 
 
 
CCME 

 
Canadian Council of Ministers of the Environment (CCME) is the major 
intergovernmental forum in Canada for discussion and joint action on 
environmental issues of national, international and global concern. The 13 
member governments work as partners in developing nationally consistent 
environmental standards, practices and legislation. 
 

 
Commissioner’s 
Lands 

 
Lands in Nunavut that have been transferred by Order-in-Council to the 
Government of Nunavut.  This includes highways, block land transfers and 
most lands within municipalities. 
 

 
Contaminant 

 
Any noise, heat, vibration or substance and includes such other substances 
as the Minister may prescribe that, where discharged into the environment,
(a) endangers the health, safety or welfare of persons, 
(b) interferes or is likely to interfere with normal enjoyment of life or 
property, 
(c) endangers the health of animal life, or 
(d) causes or is likely to cause damage to plant life or to property. 
 

 
Contaminated 
Site 
 
 
 
 
 
Remediation 

 
Areas of land, water, ground water, or sediments that have levels of 
contaminants exceeding the remediation criteria.  Contaminant sources can 
include on-site burial of wastes, non-point chemical releases (small, frequent 
drips and spills), stockpiling and storage of materials, major spills, and 
releases during fires.  Contamination may also be due to illegal dumping of 
contaminated soil.  Contaminated sites may have short or long-term 
consequences to people or the environment. 
 
The management of the contaminant at a site so as to prevent, minimize, or 
mitigate damage to human health, property, or the environment.  
Remediation is a broader term then clean-up in that remediation options can 
include physical actions such as removal, destruction, and containment, as 
well as the use of institutional control such as zoning designations or orders.
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T.P.H. 

 
Total petroleum hydrocarbons, (includes total purgable and total extractable 
hydrocarbons). 

 
1.2 Roles and Responsibilities 
 
The Department of Sustainable Development, Environmental Protection Service (EPS), is the main 
contact concerning remediation of contaminated sites on Commissioner’s Land, EPS determines the 
required level of remediation using the remediation criteria cited in these guidelines.  EPS also 
reviews your remediation plan and monitors the progress of the project.  It is your responsibility to 
remediate the site to acceptable levels.  As there may be health or safety concerns to consider, we 
recommend you also contact the Department of Health, the Office of the Fire Marshal, the 
municipality and the landowner. 
 

EPS will provide advice on remediation measures, but it is the sole responsibility of the 
polluter and land owner to provide adequate site remediation. 
(See Environmental Protection Act in Appendix) 

 
2 Defining The Problem 
 
If you think you have contamination on your property, the first step is to do a thorough site 
investigation.  A thorough investigation may avert unnecessary remediation costs.  Depending on 
the degree and complexity of the contamination, you may require the assistance of a qualified 
environmental consultant or engineer. 
 
Ask yourself the following questions: 
 
2.1 What is the History of the Site? 
 
Thorough historical research will aid in identifying and locating the contaminant(s). It may also aid in 
assessing responsibility for the contamination.  Consider the following: 

 
�� Is the site near an existing tank farm, fuel storage area or other contaminant storage 

site? 
�� Is it near where a tank farm or fuel storage site previously existed? 
��Has there ever been a spill on or near the property? 

 
2.2 What is the Contaminant? 
 
It is essential to identify the contaminant, in order to determine suitable remediation options. 
 

��Common contaminants in Nunavut are diesel fuel, turbo, fuel, gasoline and used oil. 
��You should take representative samples with the assistance of an accredited laboratory. 
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2.3 What is the Degree of Contamination? 
 
Consider the following: 

��What is the length, width and depth of the contaminated area? 
��What is the soil type? 
��Where is the surface and ground water? 
��What is the type of permafrost, if any?  Is it saturated, unsaturated, continuous or 

discontinuous permafrost? 
 
2.4 What are the Possible Impacts? 
 
Remember that this contaminated site may affect many people and other living organisms.  
Determine both the pathway of contamination and all possible receptors of contamination. 
 
Consider the following: 
 

��How did the contamination enter the site? 
��Did it enter the ground water? 
��Will it affect people through either toxic vapors or soil contamination? 
��Could there be any effects on vegetation, wildlife or domestic animals? 
��How will the contamination affect adjacent sites? 
��What will the site be used for in the future? 
��Are there any special factors relating to public use of the area? 
�� Is it commercial, agricultural or residential land? (Section 2.4.1) 

 
2.4.1 Land Use 
 
Identifying the type of land use will help you assess the extent of human and ecological exposure to 
contaminants in the soil, and is essential for planning practical remediation programs.  The specified 
land uses considered in this guideline are: agricultural, residential/parkland and 
commercial/industrial.  

Agricultural 
 
All uses of land where the activity is primarily related to the productive 
capability of the land or facility (e.g. greenhouse) and is agricultural in 
nature, or is related to the feeding and housing of animals such as livestock.

 
Residential/ 
Parkland 

 
Residential:  all uses of land in which dwelling on a permanent, temporary or 
seasonal basis is the primary activity.  Institutions, hospitals, schools, 
daycare and playgrounds are also indicated under this land use.  
Residential/Parkland is often readily accessible to the public. 

 
 Parkland:  all land uses in which the primary activity is recreational in nature 

and requires the natural or human designed capability of the land to sustain 
that activity. 

 
Commercial 
 

 
All uses of land in which the primary activity is related to the buying, selling 
or trading of merchandise or services. 

 
Industrial 

 
All land uses in which the primary activity is related to the production, 
manufacture or storage of materials.  The public does not usually have 
uncontrolled access to this type of land.  This does not include institutions 



- 6 - 
 

(e.g. schools, hospitals, playgrounds). 
Always confirm the required level of remediation with EPS.  The type of land found adjacent to the 
contaminated site may affect the remediation criteria levels that you have to follow. 
 
3 Remediation 
 
Once the problem has been defined (section 2), you can decide on the appropriate remediation 
options.  If you have hired a qualified contractor, they may recommend remediation options to you.  
General remediation categories include: 
 
 
On-site/Off-site 

 
Will your remediation be on or off-site?  Techniques will vary accordingly. 

 
On-site treatment 

 
The soil must meet the remediation criteria (section 4). 

 
Off-site treatment 

 
Merely moving the spill to a landfill facility is not acceptable.  After moving 
the soil to an acceptable location, you must contain the contaminants, 
and then treat the soil or water to reduce the contamination to an 
acceptable level (section 4). 

 
Groundwater 

 
Contaminated groundwater may require treatment.  A qualified contractor 
can advise you on the available options. 
 

3.1 Remediation Guidelines 
 
Remediation in Nunavut is guideline based.  The required degree of remediation is determined by 
CCME 1991 Interim Criteria, CCME 1997 Recommended Canadian Soil Quality Guidelines and the 
Environmental Protection Service. 

 
 

Remediation Guidelines for Soil 
 
 
 

 
Agricultural 

 
Residential/ 

Parkland 

 
Commercial 

 
Industrial 

 
Benzene 

 
0.05 

 
0.5 

 
5 

 
5 

 
Toluene 

 
0.1 

 
0.8 

 
0.8 

 
0.8 

 
Ethylbenzene 

 
0.1 

 
1.2 

 
20 

 
20 

 
Xylene 

 
0.1 

 
1 

 
17 

 
20 

 
Total Petroleum 
Hydrocarbons (TPH)* 

 
- 

 
500** 

 
2500** 

 
2500** 

 
Lead 

 
70 

 
140 

 
260 

 
400 

 
Polychlorinated biphenyl 

 
0.5*** 

 
5*** 

 
50*** 

 
50*** 

 
Note: All values are in µg/g or parts per million (ppm). These are the more commonly required parameters.  The type 
of contamination at the site may require analysis for additional CCME parameters. 
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* Total petroleum hydrocarbons (includes total purgeable and total extractable hydrocarbons). 
** The TPH guidelines were developed by the Government of the Northwest Territories (GNWT) 
*** CCME 1991 Interim Criteria (note: 1998 PCB Soil Quality Guidelines are currently under development). 
 
The chart below may help you to visualize the amount of contaminant it would take to create a level 
of 1000 PPM.  Remember that 1000 PPM is a much greater level than many of the acceptable 
remediation criteria levels listed above. 
 
 

Amount of Soil and Gasoline Creating a Level of 1000 PPM 
 

Volume of Soil 
 

Volume of Gasoline 
 

5g (typical amount used for chemical 
analysis)/1 tsp. 

 

 
.005 ml/ 1/1000 tsp. 

 
4.5 litres/1 gallon bucket 

 
7.5 ml /1.5 tsp. 

 
 

205 litres/45 gallon drum 
 

400 ml /1 3/4 cups 
 

 
18,5976 kg/410,000lb (or 140 yd3, enough to 
fill a living room that is 10 x 19 x 19 ft.) 

 

 
205 litres/45 gallon drum 

 
 

 
 
  
3.2 Decision Considerations 
 
The following should be considered when making your final decision: 
 
Guidelines (section 3.1). 

 
Permission You must obtain permission from the local municipality or landlord before 

using any of their facilities, such as the landfill site or the sewage lagoon. 
 

Time required How long will the remediation take? 
 

Cost Is your remediation plan cost effective? 
Aesthetics Does your plan restore the area to an acceptable level of aesthetic 

quality? 
 

Technology How effective is the technology being considered? 
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Figure 1: Steps Used in Site Remediation 

Impacts 
On People and the Environment 

Remediation Guidelines 
Compare Contaminant 

Levels to CCME Guidelines 

Degree of Contamination 
Compare Contaminant 

Levels to Background Levels 

Remediation Considerations 
Site Assessment & Development of 

Preliminary Remediation Plan 

 
Evaluation of Information 

Consultation with EPS  
Selection of Guidelines 

Consultation with Health, Fire Marshall, 
INAC 

Consultation with Municipality & 
Landowner 

 
Remediation  

 
Post Remediation Evaluation  

Interrelated Information to Gather prior 
to Development of Remediation Plan 
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4 Conclusion 
 
This is a brief introduction to the process of contaminated site remediation. 
 
For more information: 
 

1) Read CCME 1997 Recommended Canadian Soil Quality Guidelines report (see 
References). 
 

2) Contact the Environmental Protection Service 
Department of Sustainable Development 
P.O. Box 1000, Station 1195 
Iqaluit, Nunavut, X0A 0H0 

 Phone: (867) 975-5900; Fax: (867) 975-5990
 

Remember that this document is intended to inform you about some of the basic issues 
involved in contaminated site remediation.  Once you have read this document and verified 
that you have a contaminated site, you must contact the Environmental Protection Service.  
You should work with EPS before proceeding through the site remediation process. 
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APPENDIX 
Environmental Protection Act 
 
The following is a subset of the Environmental Protection Act.  The complete act can be obtained 
from any office of the Department of Sustainable Development. 
 
1. In this Act, 
 
“Contaminant” means any noise, heat, vibration or substance and includes such other substances 
as the Minister may prescribe that, where discharged into the environment, 

(a) endangers the health, safety or welfare of persons, 
(b) interferes or is likely to interfere with normal enjoyment of life or property, 
(c) endangers the health of animal life, or 
(d) causes or is likely to cause damage to plant life or to property. 

 
“Discharge” includes, but not so as to limit the meaning, any pumping, pouring, throwing, dumping, 
emitting, burning, spraying, spreading, leaking, spilling, or escaping. 
 
“Environment“ means the components of the Earth and includes: 
 

(a) air, land and water, 
(b) all layers of the atmosphere, 
(c) all organic and inorganic matter and living organisms, and 
(d) the interacting natural systems that include components referred to in paragraphs (a) 

to (c). 
 
2.2 The Minister may 
 

(a) establish, operate and maintain stations to monitor the quality of the environment in 
the Territories; 

(b) conduct research studies, conferences and training programs relating to 
contaminants and to the preservation, protection or enhancement of the environment; 

(c) develop, co-ordinate and administer policies, standards, guidelines and codes of 
practice relating to the preservation, protection or enhancement of the environment. 

 
5. (1) Subject to subsection (3), no person shall discharge or permit the discharge of a 

contaminant into the environment. 
 

(2) REPEALED, R.S.N.W.T. 1988, c. 117 (Supp.), s. 8 
 

(3) Subsection (1) does not apply where the person who discharged the contaminant or 
permitted the discharge of the contaminant establishes that: 
(a) the discharge is authorized by this Act or the regulations or by an order issued 

under this Act or the regulations; 
(b) the contaminant has been used solely for domestic purposes and was 

discharged from within a dwelling-house; 
(c) the contaminant was discharged from the exhaust system of a vehicle; 
(d) the discharge of the contaminant resulted from the burning leaves, foliage, 

wood, crops or stubble for domestic or agricultural purposes; 
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(e) the discharge of the contaminant resulted from burring for land clearing or land 
grading; 

(f) the discharge of the contaminant resulted from a fire set by a public official for 
habitat management of silviculture purposes; 

(g) the contaminant was discharged for the purposes of combating a forest fire; 
(h) the contaminant is a soil particle or grit discharged in the course of agriculture 

or horticulture; or 
(i) the contaminant is a pesticide classified and labeled as domestic under the 

Pest Control Products Regulations (Canada). 
 

(4) The exceptions set out in subsection (3) do not apply where a person discharges a 
contaminant that the inspector has reasonable grounds to believe is not usually 
associated with a discharge from the excepted activity.  R.S.N.W.T. 1988, c. 75 
(Supp.) S. 5; c. 117 (Supp.), s. 8. 

 
5.1 Where a discharge of a contaminant into the environment in contravention of this Act or the 

regulations or the provisions of a permit or license issued under the Act or the regulations 
occurs or a reasonable likelihood of such a discharge exists, every person causing or 
contributing to the discharge or increasing the likelihood of such a discharge, and the owner 
or the person in charge, management or control of the contaminant before its discharge or 
likely discharge, shall immediately: 

 
(a) subject to any regulations, report the discharge or likely discharge to the person or 

office designated by the regulations; 
(b) take all reasonable measures consistent with public safety to stop the discharge, 

repair any damage caused by the discharge and prevent or eliminate any danger to 
life, health, property or the environment that results or may be reasonably expected to 
result from the discharge or likely discharge; and 

(c) make a reasonable effort to notify every member of the public who may be adversely 
affected by the discharge or likely discharge.  R.S.N.W.T. 1988, c. 75 (Supp.), s. 5; c. 
117 (Supp.), s. 9. 

 
6. (1) Where an inspector believes on reasonable grounds that a discharge of a 

contaminant in contravention of this Act or the regulations or a provision of a permit 
or license issued under this Act or the regulations has occured or is occurring, the 
inspector may issue an order requiring any person causing or contributing to the 
discharge or the owner or the person in charge, management or control of the 
contaminant to stop the discharge by the date named in the order. 

 
7. (1) Notwithstanding section 6, where a person discharges or permits the discharge of a 

contaminant into the environment, an inspector may order that person to repair or 
remedy an injury or damage to the environment that results from the discharge. 

 
(2) Where a person fails or neglects to repair or remedy any injury or damage to the 

environment in accordance with an order made under subsection (1) or where 
immediate remedial measures are required to protect the environment, the Chief 
Environmental Protection Officer may cause to be carried out the measures that he 
or she considers necessary to repair or remedy an injury or damage to the 
environment that results from any discharge. 
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If you would like to be placed on a mailing list to receive guideline amendments or for public 
consultation on Environmental Protection Service legislation please fill this out and mail or fax 
to: 
 

Environmental Protection Service 
Department of Sustainable Development 

P.O. Box 1000, Station 1195 
Iqaluit, Nunavut, X0A 0H0 

Fax: (867) 979-5990
 

Users of this guide are encouraged to report any errors, misspellings, etc. contained within, to 
EPS at the above address 
 

Mailing List for Environmental Protection Service Information 
 
   Name:          
 
    Title:           
 
   Address :          
 
            
 
   Phone / Fax Number:        
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A division of 667762 Alberta Ltd.
932962Avenue
Edmonton, Alberta T6E OE1
Phone: 780-435-0324, Fax: 780-413-0090

Toll Free: 1-877-435-9690

E-mail: teer@telusplanet.net
Web Page: www.terryruddysales.com

February 02, 2007

Miramar Mining Corporation
300 - 889 Harbourside Drive
North Vancouver, BC
V7p.3S1

Attn. Mr. Larry Connell

Larry,

Enclosed is a photo and a operations/maintenancemanual on a oily waste water process
system. This system is currently being used at the Boston Camp in Nunaviut Territories.

The system operates at 5 to 7 gpm. without supervision. In the first drum, a product known
as technical minerals is used. This media will blind off when it reaches its absorbent
capacity. The two drums following contain a water based carbon used for polishing.
The discharge should read "non-detectable traces" on testing.

If you have questions, feel free to call out toll free number

Terry Ruddy f
Regards





OPERATING &
MAINTENANCE

MANUAL NO. C5121

FOR

Miramar Hope Bay Ltd.
Boston Camp

"FLOW & PLUG"
(Oil Absorption Equipment)

Model No: FII-C-180-TM-Cx2
Maximum Pressure: 10 PSI

Product: Oil Absorption Equipment

Sold & Serviced by:

Terry Ruddy Sales
9329- 62 Avenue

Edmonton, AB T6E OE1
Telephone -780-435-0324

Fax -780-413-0090
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Miramar Hope Bay Ltd. ...BostonCamp

Flow and Plug System
(Oil Absorption Equipment)

General Description

The F-I "Flow and Plug" Oil Absorption System is the simplest, most efficient and
versatile method of removing oil and grease in waste water streams to a level below 15
PPM as regulated by the Ministry of the Environment. (Not recommended for chemical Oil
Emulsions).

The F-l system consists of 4 basic units:
1) a Monyo self-priming electric pump,
2) a particulate filter,
3) the oil absorbing media,
4) two activated carbon media containers connected in series.

Figure 1 - Overview
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Miramar Hope Bay Ltd. -Boston Camp

Overview

1) The Monyo self priming pump, * see separate pages covering installation, operation,
trouble shooting and parts breakdown beginning on page

The Particulate Filter is a pre-filter to effectively remove any dirt and dust particles,
which would prematurely plug the oil absorbing media. It is a bag filter system
consisting of the pressure vessel, the micron rated disposable filter bag and restrainer
basket (to support the bag filter).

2)

The disposable filter bag is a triple layered bag having a filter rating of approximately
1 micron. It will hold 1-2pounds of dry solids before becoming plugged.

3)

Rapid access to the filter bag ensures a quick and easy clean-up of the vessel, since
filtered out contaminants are trapped within the bag. "Spaghetti" (strips of oil
absorbing polyproplyene) is added into the clean filter bag to enhance the dirt holding
capacity by up to 5 times.

The TM-I00 Oil Absorbing Media is contained in a removable disposable drum. The
drum is specifically coated with epoxy to make it both chemical and abrasive
resistant. The TM Media absorbs oils and grease through a partitioning phenomena.
A unique characteristic of the media causes a slight swelling of the bed as it removes
the hydrocarbons &omthe contaminated liquid. At a maximum pressure of 8 PSI,
stoppage of the pumping action through the system is required as the media is
saturated and needs to be replaced thus eliminating the flow of unfiltered liquid into
the environment.

4) Activated Carbon. GC 12 X 40, is a virgin activated carbon derived &ombituminous
coal. Granular in form, it is ideal for many liquid phase applications including the
removal of organics &omwater streams. Its superior absorptive capacity and the
surface area make it particularly attractive for use in waste water while its size makes
it appealing where low pressure drop is needed.

The net result is oil/grease readings, in the output water, will be well below 15 PPM.
Enabling the water to be sewerable.

The second Activated Carbon drum, similar to item 4, is added for further polishing
the water

Operating & Maintenance Manual No. C5121 Page 2



Miramar Hope Bay Ltd. - BostonCamp

WARNING

THIS FILTRATIONSYSTEM IS DESIGNED WITH DISPOSABLE F-l FILTER
PRODUCTS OF THE TYPE AND MODEL SPECIFIEDIN THE OPERATION
INSTRUCTIONS MANUAL AND DRAWINGS. SAFE OPERATION AND
PERFORMANCE IS GUARANTEED USING THE SPECIFICFILTERS. WE WILL
NOT GUARANTEE THE PERFORMANCE AND FUNCTION OF THE SYSTEM WITH
OTHER MAKES, MODELS OR TYPES. ANY ACCIDENTS OR DAMAGES CAUSED
BY USING INCORRECT,NON-SPECIFIEDFILTERS AND MEDIA ARE THE FULL
RESPONSffiILITY OT THE OWNER OR USER.

Operating & Maintenance Manual No. C5121 Page 3



Miramar Hope Bay Ltd. -Boston Camp

Installation
Remove the unit ftom the shipping crate, being careful not to damage any of the projecting
connections.

Caution
Do not attach slings to any nozzles welded to the unit. Be sure not to place slings on
the frame of the unit.

~
Be sure to correctly identify the inlet and outlet connections of the unit to avoid piping
the unit backwards. The ftlter will not perform if the connections are reversed.

Proceed with the required piping. Tighten all bolts evenly and securely. Check to make
sure that the filter bag has been installed in the filter vessel before tightening the top cover
bolts.

Drain piping should be led away ftom the unit. The water drain lines can be connected into
any common drain system.

After all connections have been made and all bolts tightened securely, the unit is ready to
be placed into operation.

~ote - Leveling
The F-l "Flow and Plug" system should be level to 118inch per foot to be conducive to
proper operation.
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Miramar Hope Bay Ltd. -Boston Camp

Operation

The system requires a minimum amount of attention after the initial installation.
Differential pressure readings should be made and recorded on initial start-up.

Operating Limit Parameters
I) Pump must be properly electrically grounded. Read the separate operations and

ownership manual starting on page -.

2) When the differential pressure across the Particulate Filter vessel, as shown on
pressure gauge (8A), reaches IS PSI, the pump needs to be stopped and the filter bag
and the "spaghetti" inside the filter bag should be changed.
See CHANGING THE FILTER BAG - Page 7 of these instructions

3) When the differentialpressure across the oil absorbing drum (3), as shown by the
gauge (8B), reaches 8 PSI, the pump should be shut off, because the absorbing drum
is saturated and needs to be replaced.
See INSTRUCTIONS FOR CHANGINGOIL ABSORBING DRUM - Page 9 of
these instructions

4) Check flow meter (13) and if flow is greater than 19LPM immediately adjust with
flow control valves.

NOTE- If flow is greater than 19 LPM, treated water quality will worsen, due to
speed of flow through system. If excessive flow and or pressure (greater than 15 PSI)
is allowed, then damage to and leakage of drums will occur.

Inlet

Outlet

([ ))
Particulate

Filter

Moyna Pump 10

Flow Control
Valve

16
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Miramar Hope Bay Ltd. - Boston Camp

Initial Purging of Air From the Oil Absorption System

Connect drain hose to the final carbon absorbing drum (4B).
Close all drain valves (10-15-16-18) .
Slightly Open flow control valve (11).
Allow water to fill the systemto purge all air trapped in filters.
Allow water to flow approximately 15 minutes after system is filled to ensure all
trapped air is removed from filters as well as small particulate matter in the TM-I00
Media and Activated Carbon are removed.
Observe the pressure gauge readings (8A, 8B and 8C) and record pressures over bag
filter, TM Media drum and Activated Carbon drum for further reference.
Samples of incoming water may be taken from sampling drain valve, samples of
discharge water after filtration may be taken from sampling drain valves (15-16-18).
The system is now ready to treat your waste water.

1)
2)
3)
4)
5)

6)

7)

8)

NOTE
The unit should only be drained when changing rdter elements OR when no longer
in service. The oil absorbing media must be immersed in water to eliminate air
pockets which would effect is oil absorbing capabilities.
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Miramar Hope Bay Ltd. -Boston Camp

Changing Filter Bag

** CAUTION **
The most important step in changing filter bags, is to make sure that the pressure in the

filter vessel is relieved prior to opening the unit. This is accomplished by opening the drain
valve at the discharge on the filter.

1) Check the pressure gauge (SA) on top of the particulate filter bag. Should this gauge
register 15PSI. or greater, the filter bag is plugged and change-out is required.

Particulate Filter

1 1

llA
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Miramar Hope Bay Ltd. - BostonCamp

2)
3)
4)

Shut the systemoff by turning pump switch (23) off.
Shut off valves before (IIA) and after (11) the filter bag vessel
Open the filter bag drain valve (10). The product drained from the filter may contain
oil and should be piped or collected accordingly.This will also relieve any internal
pressure.

5) Wait 5 minutes to allow the water in the filter bag vessel to drain. Check pressure
gauge (8A) to make sure there is no pressure in the system.

6) Loosen the bar knobs on the lid so that they are free and the eye bolt assembly can be
swung away from the housing.

7) Remove "Spaghetti" from bag filter. Remove and discard saturated filter bag.
8) Insert the clean filter bag into the restrainer basket(already installed) and fonn the bag

to the contours of the basket by pressing against the restrainer basket.
9) Insert new "Spaghetti". Take small handfuls and push firmly to the bottom of bag.

Repeat until the filter bag is filled.
10) Check positioning of the O-ring which should be properly seated in the filter. The

ring of the filter bag must be seated in the edge provided by the restrainer basket.
11) Replace the hold down device.
12) Close cover carefully. (Do not drop) Tighten the bar knobs evenly and securely.

(Slight hand downward force is necessary to compress bag hold down device.)
13) Close the drain valve (I 0)
14) Partially open the flow control valve (11).
15) Re-open the main flow control valve slightly (IIA).
16) Unit is ready to operate. Adjust the flow control valves (11, l1A) accordingly, to the

correct flow rate of 5 to 7 gpm.
17) Record in the log book, the TimelDate and Cubic Meters processed for the bag

filter change.
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Miramar Hope Bay Ltd. -Boston Camp

INSTRUCTIONSFORCHANGINGOIL ABSORBINGDRUM

** CAUTION **
The most important step in changing the oil absorbing drum, is to make sure that the
pressure in the drum is relieved prior to opening the unit. This is accomplished by

opening the drain valves at the discharge on the .

1)

2)
3)
4)
5)

Check pressure gauge (8B) to confirm the oil absorbing drum (3) is plugged and
requires change-out (8 PSI. maximum).
Turn off the electricity to the pump.
Close the flow control valve (IIA) located at the inlet on the bag filter.
Open the drain valve (10) at the bottom of the bag filter to relieve internal pressure
Open the sample valve (15) between the T-M drum and the carbon drum (4A) to
remove any water which may remain in the drum.
Wait 10minutes to allow any drain water to escape.6)
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Miramar Hope Bay Ltd. - BostonCamp

7) Undo the union (9A- illustrated on previous page) on the inlet and (9B - illustrated
below) on the outlet of the spent drum.

Drum Interconnection

8C

8) Release the drum hold down devices by unscrewingthe eye nuts at the base of the
drum.

** CAUTION **
NOTE the saturated weight of the drums and media is approximately 500 pounds. The
drums need to be handled with proper lifting equipment to remove them from the skid.

9) Remove the spent drum.
10) Replace with the new drum.
11) On the new drum - Remove the 2 inch coupling cap seals on the top centre and

bottom side.
12) On the spent drum - Remove the top centre threaded inlet and install this inlet on top

centre of the new drum.
13) On the spent drum - Remove the bottom threaded outlet and install this outlet

connection to the bottom of the new drum.
14) On the spent drum - Install the 2 inch coupling cap covers which were removed in

step 11, above.
15) Onthenewdrum-Install and retighten the unions (9A) on the inlet and (9B) on the

outlet of the newly installed TM-l 00 Oil Absorption Media Drum.
16) Tighten all the drum hold down devices by tightening the eye nuts at the base of the

drums.
17) Close the drain valves (10) and sample valve (15).
18) Open the flow control valve (11).
19) Restart the pump. Ensure that the flow rate is at or below 19LPM. If not adjust the

flow control valve accordingly.
20) Record in the Logbook the Time, Date and Cubic Meters processed at the time of this

TM-loo Oil Absorption Media change out.
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Miramar Hope Bay Ltd. -Boston Camp

Instructions for Changing the Activated Carbon Drums

** CAUTION **

The most important setp in changing the Activated Carbon Drum is to make sure
that the pressure in the system is relieved prior to removing the drums. This can

be accomplished by opening the sample valve at the inlet to the Activated
Carbon Drum

1)

2)
3)

Check the water sample ITomthe sampling valve (16 and 18)If the water quality is
the same then the carbon drum (4A) is saturated and needs to be replaced.
Turn off the electricity to the pump.
Close the flow control valve (11) prior to the inlet of the TM-lOOOil Absorption
Drum.
Open the Sample Valve (15) at the bottom of the TM-I00 drum to relieve any internal
pressure and remove any water which may remain in the drums. Wait 15minutes to
allow any drain-water to escape.
Undo the union (9C) on the inlet and (9D) on the outlet of the first Activated Carbon
Drum.
Release the drum hold down devices by unscrewing the eye bolts.
Undo the union (9E) on the inlet and (9F) on the outlet of the second carbon drum.
Remove the discharge hose.

4)

5)

6)
7)
8)

** CAUTION **
NOTE the saturated weight of the drums and media is approximately 250 pounds. The
drums need to be handled with proper lifting equipment to remove them from the skid.

9) Remove the ftrst Activated Carbon Drum (4A)
lO) Move the second Activated Carbon Drum (4B) to the position of the first drum (4A).
11) Install a new Activated Carbon Drum in the place left by the just moved drum.
12) Exchange drum lids between the spent drums and the new carbon drum that is now in

position two. The inlet connections are now in position on the new drum and the
spent drum is now ready to be sealed for safe transportation.

13) Retighten the drum hold down lids securely.
14) The new drum, which has the newly placed inlet lid and outlet connection, is now

ready for hook-up.
15) Replace the outlet piping and union (9F) on the second carbon drum.
16) Retighten the union (9F).
17) Transfer the piping between carbon drums one and two.
18) Replace and tighten the union (9E) on the inlet of the second carbon drum.
19) Replace and retighten the union (9C) on the inlet of the drum and (9D) on the outlet

of the ftrst carbon drum.
20) Close sampling valve (16) and open flow control valve (11).
21) On restart of the system ensure that the flow is at or under 19 LPM. If not adjust the

flow control valve accordingly.
22) Record in the Logbook the Time, Date and Cubic Meters processed for the Activated

Carbon Drum changesjust made.
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Literature Review:  Landfarming in the North 

 



 































Remediation of 25,000 
Pounds of Hydrocarbons 

in One Month

1991 Aerial Photograph of Halliburton Geophysical Services (HGS) 
Pad in Prudhoe Bay, Alaska

Source:  Aeromap U.S. Inc.
Roll No. 91-18C, Exp No. 11-16



Pre-construction view of HGS pad

Mitigation measures in place 
along perimeter of pad

French drain and catch basin 
construction

Benzene contaminated soil 
excavation

INTRODUCTION

From October 1989 to August 1999, 
Halliburton of Houston, Texas made 
several attempts to characterize and 
remediate petroleum hydrocarbon 
contaminated soil and water within a 9 
acre man-made gravel pad in Prudhoe 
Bay, Alaska.  On September 16, 1999, 
U R S  c o n d u c t e d  a  s i t e - w i d e  
characterization of diesel range organics 
(DRO) and benzene soil contamination 
at the gravel pad/tundra interface.  A 
total of 53 test pits were excavated and field screened.  Thirteen soil samples were collected for chemical analysis.  
Based on the analytical results, six areas of the pad totaling approximately 7,400 cubic yards were estimated to be 
contaminated above Alaska Department of Environmental Conservation (ADEC) cleanup levels.  The highest 
concentrations of DRO contamination were reported in the center of the pad.  Approximately 900 cubic yards of 
benzene contaminated soil with concentrations as high as 37 milligrams per kilogram (mg/Kg) were identified in the 
northeast portion of the gravel pad.  In early 2000, the site was accepted into ADEC's Voluntary Cleanup Program.  
At that time, ADEC designated a 200 mg/Kg DRO cleanup level for the site based on the presence of benzene in soil.  
URS prepared a Cleanup/Corrective Action Plan to remediate the DRO contaminated soil by in-situ 

bioremediation/landfarming.  The intra-pad water was to be 
remediated by dewatering and bioremediation.  

During July 2000, URS and its subcontractor constructed six 
biocells with french-drain catch basins to remediate the soil and 
remove the intra-pad water for treatment in temporary holding 
tanks.  The biocells were designed to treat the lower 3 feet of the 
pad with proprietary enzymes and nutrient inoculations and tilling 
in place.  Prior to beginning the remediation activities, baseline 
sampling of the biocells and surrounding tundra ponds were 
conducted by URS.  The benzene contaminated soil in the 
northeast portion of the pad was removed by excavation and 
thermally treated.  Following the removal of the benzene 
contaminated soil, ADEC revised the site-specific DRO cleanup 
level to 500 mg/Kg.  

On July 24, 2000, in-situ bioremediation landfarming utilizing 
Enzyme Technologies, Inc. (ETEC) proprietary enzyme and nutrient 
enchancers began at the site.  Simultaneous with landfarming 
activities, URS removed approximately 63,000 gallons of 
hydrocarbon contaminated water from the catch basins and placed it in 
temporary holding tanks equipped with low flow aeration manifolds.  

The water in the holding tanks was sampled then treated with the same 
ETEC products used on the biocells.  After two-days of aeration and 
treatment, the water within the tanks was sampled a second time to 
evaluate degradation rates of contaminants.  The results showed non-
detect concentrations of benzene, toluene, ethylbenzene, xylenes 
(BTEX) and polynuclear aromatic hydrocarbons (PAHs) compounds.  
The water was then used in the biocells to maintain moisture levels.  

The biocells were tilled with a tractor developed by ETEC.  The 
biocells were tilled daily the first week, then three times a week during 
the second, third, and fourth weeks of landfarming.  After 30 days of 
biocell landfarming, URS collected confirmation samples to 
determine the degradation rates of contaminants in the soil.  The 
biocells were backfilled and the site was returned to its original 

appearance on September 2, 2000.  After 30 days 
of in-situ landfarming, DRO concentrations had 
decreased from a high of 2,600 mg/Kg to below 
the 500 mg/Kg site-specific cleanup level.  

On September 14, 2000, ADEC informed 
Halliburton that no further remedial action was 
required at this site.   
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Figure 1.  Cost Comparison Chart for Remedial Options

ETEC tractor tilling Biocell No. 3

IN-SITU LANDFARMING:  A COST EFFECTIVE SOLUTION

In January 2000, URS conducted a remedial alternatives cost analysis for the petroleum hydrocarbon contaminated 
soil at the former Halliburton HGS pad site.  Five alternatives were considered: excavation and thermal treatment; 
site encapsulation; soil venting; ex-situ landfarming, 
and in-situ landfarming.   

URS estimated approximately 7,400 cubic yards of 
soil within the HGS pad was contaminated above 
ADEC cleanup levels.  The contamination was 
within the lower 3 feet of the pad which also had sunk 
approximately 1 foot into the underlying tundra.  The 
thermal treatment option included stripping off the 
top three feet of clean gravel (overburden) and 
excavating and transporting the contaminated soil to 
an off-site treatment facility 2 miles away.  Treated 
soil would be returned to the site.  The time required 
to conduct the thermal treatment was 3 months.  The 
encapsulation option included construction costs to 
place a 20-mil HDPE liner and leave the 
contamination in place.  Monitoring of the 
surrounding surface waters would have been 
necessary for a period of 2 to 3 years.  However, this 
option would not allow use of the pad, and the contamination would remain a liability for the foreseeable future.  

The soil venting option included construction of a treatment system and 2 to 3 years of operation, maintenance, and 
sampling.  The fourth option was ex-situ landfarming.  This option would include stripping off the overburden and 
building off-site treatment cells.  The cells would be dismantled at the conclusion of the estimated 2 year treatment 
period.  The fifth option was in-situ landfarming using bioremediation.  This option would include stripping off the 
overburden and building in-place treatment biocells for soil mixing.  The cells would be backfilled and the pad 
would be regraded at the conclusion of the proposed 60-day treatment period and become available for further use.   

The results of the cost analysis showed that in-situ landfarming was the most cost effective method for remediating 
the soil (Figure 1) and provided usage of the property after completion of the treatment activities.  The estimated 
cost for in-situ landfarming, including site construction, plan and report preparation, analytical testing, and project 
management, was approximately $600,000 or $81.00 per cubic yard.  The thermal treatment option was the most 
expensive.  

Since the water within the pad was determined by ADEC as the most probable transport mechanism for the soil 
contamination, a dewatering program was added to the in-situ landfarming option.  The biocells were built with 
french-drain catch basins to remove the intra-pad water for treatment in temporary holding tanks.  The water in the 
holding tanks was treated with the same product used for the soil biocells.  After the water was treated, it was 
recycled back onto the biocells.  The additional cost for dewatering was approximately $184,000.   

The final total project cost including characterization activities (sampling, analytical testing, report preparation), 
remedial alternative cost analysis, Voluntary Cleanup Program application, cleanup/corrective action plan 
preparation, site construction and remediation activities, thermal treatment of benzene contaminated soil, sampling 
and analysis, and cleanup action final report preparation was approximately $975,000.  The cost to thermally treat 
900 cubic yards (cy) of benzene contaminated soil was $156,000.  The cost to bioremediate 7,400 cy of DRO 
contaminated soil was $250,000.           



ETEC inoculation of Biocell No. 1

REMEDIAL METHODOLOGY

Five of the biocells (Cells #1 through #5) were designed to treat 2,800 cy 1,130 cy, 870 cy, 2,375 cy, and 225 cy, 
respectively.  The five perimeter biocells had one french drain catch basin constructed along one edge to remove 
the intra-pad water.  Cell #1 in the central portion of the pad had four catch basins (Figure 2).  Each catch basin 
containing intra-pad water was pumped several times until approximately 2% of the calculated "pad-volume" had 
been removed and placed into temporary holding tanks.  One "pad volume" of water was calculated to be 
approximately 3.2 million gallons.  In addition to the biocell and intra-pad water sampling and analysis, URS 
collected baseline samples of surface water from tundra ponds surrounding the pad.  At the completion of all site 
activities, confirmation samples were collected from one tundra pond designated by ADEC.  URS also collected 
baseline samples of 
i n t r a - p a d  w a t e r  
placed in temporary 
holding tanks prior 
to treatment, and 
c o n f i r m a t i o n  
samples 48-hours 
following treatment.  
Soil samples were 
also collected from 
the stockpiles of 
overburden.  All of 
the soil samples were 
analyzed for DRO, 
residual range organics (RRO) and BTEX compounds.  All of the water samples were analyzed for BTEX and 
PAHs to assess the total aromatic hydrocarbons (TAH) and total aqueous hydrocarbons (TaqH) concentrations for 
fresh water aquaculture restrictions per 18 AAC 70.  Following the purging of intra-pad water and simultaneous 
with landfarming, samples were collected from the nine catch basins for further characterization.   

Prior to beginning landfarming activities, URS collected baseline samples from each biocell.  A total of 25 soil 
samples were collected: eight samples from the central biocell (Cell #1); five samples from the southeast biocell 
(Cell #2); four samples from the northeast biocell (Cell #3); six samples from the northwest biocell (Cell #4); and 
two samples from the southwest biocell (Cell #5).  At the completion of the landfarming activities and just prior to 
backfilling, URS collected confirmation samples from the same locations as the baseline samples and analyzed 
them for same constituents as before, plus PAHs.  The biocells were also sampled by ETEC for nutrients (ammonia 
and phosphorous) and hydrocarbon plate counts at Day 0, Day 6, and Day 18 of the landfarming process.   

On July 23, 2000 the biocells were inoculated with a combination of ETEC's Petroleum Consortium (EZT-A2), 
Enzyme Accelerator (EZT-EA) and Custom Blend Nutrients (EZT-CBN) bioremediation products.  During the 
initiation of landfarming activities, URS removed approximately 63,000 gallons of intra-pad water from the catch 
basins and contained the water on-site in three temporary holding tanks.  The holding tanks were within secondary 
containment cells.  One baseline water sample was collected from each holding tank.  Each holding tank had a low-
flow aeration manifold to aid the treatment process.  Following the baseline sampling of water in the holding tanks, 
each tank was inoculated with the same product used on the biocells.  Once the results of the confirmation samples 
indicated non-detect concentrations, the water was re-used during the landfarming activities.  

To prevent outward migration of hydrocarbons, URS encircled the pad with polypropylene absorbant booms.  The 
absorbant booms were in place prior to biocell construction and monitored throughout the remediation activities.  
At the conclusion of the in-situ landfarming activities, the absorbant booms were retrieved and later incinerated.    

Figure 2.  Site Map Showing Biocell Locations

Source:  Basemap from EMC, July 2000



Figure 3.  In-Situ 
Landfarming 

Bioremediation 
Treatment Results for 

DRO in Soil

Figure 4.  In-Situ 
Landfarming 

Bioremediation 
Treatment Results for 

RRO in Soil

TREATMENT RESULTS-25,000 LBS. OF CONTAMINATION 
REMEDIATED IN 30 DAYS

The range of baseline and confirmation concentrations of DRO and RRO for the five biocells are shown in 
Figure 3 and Figure 4, respectively.  The average DRO baseline concentration was 1,388 mg/Kg.  The average 
RRO baseline concentration was 182 mg/Kg.  The average decrease in DRO and RRO concentration was 
1,126 mg/Kg and 155 mg/Kg, respectively.  After thirty days of landfarming using ETEC's proprietary 
enzyme and nutrient enhancers, all five biocells exhibited significant decrease in both DRO and RRO 
concentrations.  URS estimated that on average approximately 23,300 pounds of DRO contamination and 
3,200 pounds of RRO contamination were removed during the in-situ landfarming process.

The initial intra-pad water results 
showed total BTEX concentrations 
as high as 1.854 milligrams per liter 
(mg/L) from the northwest portion of 
the central cell and an average of 
0 . 4 2 6  m g / L .   T h e  h i g h e s t  
concentration of BTEX from the 
baseline holding tank samples was 
0.206 mg/L with an average of 0.198 
mg/L between the three tanks.  Using 
the total between the cell catch basin 
samples and the holding tank 
samples the average total BTEX is 
0.369 mg/L for the entire pad.  The 
average amount of total BTEX 
contaminants removed from the 
holding tank water in 48 hours was 
0.7 pounds.  

No PAHs were detected in the 
confirmation biocell and water samples.  A total of approximately 25,000 pounds of petroleum hydrocarbon 
contamination was remediated from the six biocells following 30 days of in-situ landfarming.  None of the 
surrounding tundra surface water samples contained concentrations of TAH and TaqH that exceed ADEC 
Arctic cleanup levels.  In conclusion, the surface water results showed no complete path exists between the 
intra-pad water and the surrounding tundra ponds.        
 

Placement of temporary holding tanks

In Situ Landfarm - DRO Soil Reductions
Halliburton Project, Pr udhoe Bay, Alaska
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Over the past 5 years, URS has brought together several world-class engineering companies, among which are 
some of the industry's leading environmental, engineering design, process engineering, and program/construction 
management firms.  In Alaska, URS is manifested as the combination of three firms already known individually 
for their scientific and engineering excellence: Woodward-Clyde Consultants, Dames & Moore Group, and 
Radian International. Our Anchorage office has a staff of more than 90 professionals who have a wide range of 
environmental and engineering backgrounds and professional experience.  We have satellite offices located in 
Fairbanks, Ketchikan, Juneau and Homer, which enable us to provide better service to clients throughout Alaska. 

For further information please contact:

Mr. William Loskutoff                                                               Mr. Paul Dworain
Project Manager                                                                         Manager, Geoscience and Remediation Services

URS Corporation
5600 B Street
Anchorage, Alaska 99518
Phone:  907-562-3366
Fax:  907-562-1297
www.urscorp.com

OR

Post remediation view of HGS pad

Transferring intrapad water to holding tanks

Biocell No. 2 with Sagavanirktok River in background
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Abstract:A field demonstrationand researchproject
was conductedin Fairbanks,Alaska, to demonstrate,
evaluate,and documenttheconstructionand operation
of three selected bioremediation technologies-
landfarming, recirculating leachbeds, and infiltration
galleries.Landfarminginvolvesaddingwaterand nutri-
entsto contaminatedsoil to stimulatemicrobialactivity
and contaminantdegradation.Infiltrationgalleriesare
dynamic in-situ treatmentsystemsdesignedto stimu-
latemicrobialactivityandsubsequenthydrocarbondeg-
radation by circulatingnutrient-and oxygen-amended
waterthroughpetroleum-contaminatedsoil. Recirculat-
ing leachbeds, in a way similar to slurry reactors,
aerateand mix nutrientswith contaminatedsoil, and

canbebuiltason-sitebioreactors.Estimatedbiotreatment
costs in the landfarm were between$20 to $30 per
cubic yard ($15 to $23 per cubic meter). Nutrient
placementhasbeendemonstratedto bea criticalfactor,
even though the site is tilled and mixed frequently.
Successof the infiltrationgallerywas more difficult to
document.Benzenewas detectedat less than 2 ppb
and BTEXlevelswerelessthan5 ppbforwaterextracted
from the pumping well during 1992, which is signifi-
cantly lower than the 1991 levels.Problemswereen-
counteredduringthe briefoperationof the recirculating
leach bed, but a similar system has performedwell.
Relativelysimple, low-costtechniquesprovidedsignifi-
cant potentialfor improvingdegradationrates.
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EXECUTIVE SUMMARY

The objectives of the Construction Productivity Advancement Research (CPAR)
field demonstration and research project, Bioremediationof HydrocarbonContami-
nated Soils and Groundwaterin Northern Climates,were to demonstrate, evaluate,
and document the construction and operation of three selected bioremediation
technologies-landfarming, recirculating leach beds, and infiltration galleries-
in cold regions. Before this CPAR program was begun, bioremediation had not
been used extensively in cold regions.

Landfarms are lined, bermed areas where soil is treated by adding and mixing
water and nutrients. A collection system may be installed inside the liner to collect
leachate, which then can be recirculated. In this project, the leachate was recircu-
lated through a mixing tank for nutrient additions and then through spray irriga-
tion lines onto the surface of the landfarm site. The liner surface was sloped to
ensure that the liner directed leachate into the collection system.

Infiltration galleries are dynamic in-situ treatment systems designed to stimu-
late hydrocarbon degradation by enhancing microbial activity. Microorganisms
are stimulated by circulating nutrient and oxygen-amended water through soil
contaminated by petroleum. The system used in this project included a ground-
water pumping well, nutrient addition and aeration capabilities, and an infiltra-
tion gallery to encourage transport of the enhanced groundwater back into the
soil.

Recirculating leachbeds are similar to slurry reactors. The concept is to develop
a lined containment area to serve as an on-site bioreactor. Either a pit, generally
resulting from the excavation, a bermed perimeter, or a combination can be used,
depending on available materials. In this project, contaminated soil was placed
into the bioreactor and, through an inexpensive PVC distribution system, aerated
and nutrient-amended water was recirculated into the bottom of the bioreactor,
upwards through the contaminated soil, and then through the overlying ponded
and aerated water. Skid-mounted mechanical systems included a mixing tank and
circulation pumps for water and air.

The products of this project include field demonstrations of each technology,
accompanying documentation on design and construction, results of operation in
cold regions, and numerous technology transfer activities, such as site visits and
tours during the construction and operation of the treatment facility. The designs
have been provided to the U.S. Army Engineer District, Alaska, as well as com-
mercial engineering firms.

To date, the Fairbanks bioremediation test site has completed remediating the
first batch of contaminated soil in the landfarm. The estimated costs were between
$20 to $30 per cubic yard ($15 to $23 per cubic meter). Nutrient placement has
been demonstrated to be a critical factor, even though the site is tilled and mixed
frequently. Relatively simple, low-cost techniques provided significant potential
for improving degradation rates. The project findings include an estimate of the
spatial variability in degradation rates within the land farm and measurements of
degradation rates obtainable in a cold region landfarm. These results are signifi-
cant for developing other low-cost bioremediation systems, such as those using
combined treatment technologies. Extension to biotreatment systems that include
extremely low inputs, such as natural attenuation, has also been considered.

Processes enhanced by operation of the infiltration gallery were more difficult
to document. During the operation in 1992, the benzene and BTEX (benzene,
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toluene, ethylbenzene and xylene) concentrations in groundwater samples from
the six monitoring wells surrounding the infiltration gallery decreased to below
detectable limits. Benzene was detected at less than 2 ppb (Jlg/g) and BTEXlevels
were less than 5 ppb (Jlg/g) for water extracted from the pumping well during
1992,which is significantly lower than the 1991levels.

Problems were encountered during the brief operation of the recirculating
leach bed. The air manifold floated to the surface, but this could be readily solved
by using a simple system to anchor the aeration piping to the soil surface.
Channeling of water was observed in the soils immediately above the water
distribution manifold, possibly causing preferential paths in the flow of nutrients
and oxygen through small areas rather than through the entire soil. Channeling
would slow the overall rate of remediation. Lastly, it may be necessary to install a
heavier liner or to provide better protection by installing a cushion fabric or sand.
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Bioremediation of Hydrocarbon-Contaminated Soils
and Groundwater in Northern Climates

CHARLES M. REYNOLDS, W. ALAN BRALEY, MICHAEL D. TRAVIS,

LAWRENCE B. PERRY, AND ISKANDAR K. ISKANDAR

INTRODUCTION

Background
Many contaminated-soil sites in cold regions

are isolated and remote. These factors, combined
with extreme climatic conditions, make bio-

remediation difficult. Although there are increas-
ing choices of in-vessel bioremediation schemes
available, these often rely on extensive equip-
ment needs and large energy inputs. For use at
remote sites in cold regions, a cost-efficient and
applicable technology would necessarily be char-
acterized by low input and rugged design. Bio-
remediation encourages natural soil-mediated
processes by addressing the limiting factors. It
may be a preferred technology for remediating
contaminated soils in severe climates, such as the

Arctic and sub-Arctic regions of Alaska or other
cold regions, and potentially could be used to
treat the bulk of the contaminated soils at these

remote sites. Although bioremediation of con-
taminated soils is a proven and frequently used
technology in more temperate regions, the con-
straints imposed by severely cold climates, where
the season for optimum bioremediation condi-
tions typically is short, may reduce the cost
benefits.

Objectives and rationale
for field research

To optimize bioremediation, it is necessary to
identify and reduce the factors that limit biodeg-
radation rates. Ways to reduce these limitations
are usually found through small-scale laboratory
treatability tests, but the success of transferring

laboratory results to the field, our ultimate goal.
is difficult to quantify. Obtaining a good under-
standing of the degradation rates at a field site is
hindered by the inherent variability in field bio-
logical studies.

Landfarms are readily constructed and pro-
vide relatively easy sampling, although the soil
mixing that is achievable is usually not uniform
across an entire landfarm. Regulatory restrictions
generally prevent intentional application of
petroleum to soils and thereby inhibit studying
the effects of different treatments applied to a
"uniformly" contaminated soil. To counter this,
random samples can be taken and composited,
but unless this process is replicated sufficiently,
estimates of variability, and therefore estimates
of the net effects of treatments taken from the

laboratory, can not be made successfully.
We have incorporated the spatial variability

into the monitoring scheme in the landfarm.
Process monitoring is more difficult in subsur-
face systems, owing to the costs of obtaining
samples and the limited access to the soil treat-
ment zone. For the infiltration gallery's subsur-
face system, we used traditional well monitoring
techniques. The recirculating leachbed design
provided a more aggressive treatment than the
infiltration gallery, was a contained system, and
provided for better mixing than the infiltration
gallery or landfarm.

Project location
The project site, located at the Fairbanks Inter-

national Airport (FIA) in Fairbanks Alaska, was
the previously used crash-fire-rescue (CFR)train-
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ing facility. Specifics have been previously docu-
mented (Walker and Travis 1990, Braley 1991,
Braley 1993, Reynolds 1993, Reynolds et al. 1994).
Figure 1 shows the locations of Fairbanks, FIA,
and the site of the CFR training facility. FIA is
located 3.5 miles (5.6 km) southwest of Fairbanks,
Alaska, at latitude 64°49'N. The mean annual air
temperature is 26°F (-3.3°C). The mean annual
precipitation at FIA is 11.2 in. (28.5 em), of which
approximately half is snowfall that persists on
the ground for 5 to 7 months of the year. The site
is bounded by the Chena River, Tanana River,
and drainage sloughs.

Site history
The CFR facility was used for many years to

train personnel from FIA, government agencies,
and private firms in fire fighting and rescue tech-
niques appropriate for aircraft disaster. Shallow,
unlined burn pits were constructed on the gravel

pad and flooded with water and a layer of fuel
oil, which was then ignited to serve as a demon-
stration fire. Following training, fuel remaining
in the pits was reignited and permitted to burn.
This process allowed unburned fuel to contami-
nate the soil and groundwater aquifer. Addition-
ally, training included extinguishing burning-
prop simulations, which are several fuel nozzles
spraying ignited oil above the ground.

Above-ground fuel storage tanks, two truck-
tanker bodies, and 55-gal. (208-L)drums, which
contained paint and asphalt products, also were
located at the site. The two tanker bodies and
approximately 500gal (1900L) of fuel that leaked
from one of the tanker bodies was removed from
the site during 1990. An 18,000-gal (68,130-L)
railroad tanker body, located at the site within a
gravel-berm containment dike, released between
6000 and 10,000gal (23,000 and 38,000L) of fuel
during Mayor June 1990 (Fig. Ie).
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Figure 2. Zone of contaminated soil following tanker spill (OVM is organic vapor meter; 1 ft = 0.3048 mY.

Site investigations
Organic vapors in the soils at various depths

were analyzed using a hand-held photo-ionization
meter to delineate the plume that resulted from
the railroad tank car release (Fig. 2). The primary
spill covered an area approximately 25 ft (8 m) in
diameter and 7.5 ft (2 m) deep. Soils at the ground-
water level were contaminated and groundwater
was affected by the spill. The fuel oil migrated
along the surface of a silt layer located beneath
the 2- to 3-ft -thick (0.5- to I-m-thick) gravel work
pad covering the area, resulting in a secondary
plume.

During the summer of 1989, a preliminary site
investigation (Shannon & Wilson, Inc. 1989) indi-
cated that hydrocarbon contamination was
present at the old and new burn pit areas, near
the truck tanker body, at the burning prop simu-
lator area, near the railroad tanker body, and at
the old drum storage areas (Fig. lc). The highest
concentrations were found in the old and new

burn pit areas and at the site of the truck tanker
body. Benzene detected in the groundwater was
below federal maximum contaminant levels
(MCL),and hydrocarbon contamination was pri-
marily confined to the surface soils.

Subsoil and
groundwater characteristics

The area that had been used for the fire train-
ing activities was generally underlain by gravel
that was 2 to 3 ft (0.5to I m) thick. Other portions
of the area were underlain by silt, sandy silt,
sand, and silty sand. Soil borings and excava-
tions at some locations indicated lenses of sandy
gravel. The water table fluctuates 5 to 7 ft (1.5to 2
m), depending on the stages of the Tanana and
Chena Rivers, and has been measured as high as
2 to 3 ft (0.5 to 1 m) from the surface at some
locations within the site. July 1989measurements
showed a gradient of approximately 0.25 m per
1000m toward the northwest (Shannon & Wilson,
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Inc. 1989).These findings generally agreed with
those obtained at a site located approximately
0.5 miles (0.8 km) to the northwest of the CFR
area (Dames & Moore 1992), where monitoring
over 12 months indicated a gradient of 1.1 to 4.2
ft/mile (0.2to 0.8 m/km) to the west-northwest.

Four groundwater monitoring wells, denoted
BI-B4, were installed at the site in 1989, and
during 1991, an additional five monitoring
wells, denoted IGI-IG3 and DECI and DEC2,
were installed in conjunction with the construc-
tion of the infiltration gallery. In 1992three wells,
denoted TRI through TR3, were placed with
individual sampling tubes at I-ft (30-cm) inter-
vals along the length of the well casing. An addi-
tional well, PTAN, was installed approximately
750 ft (229 m) up-gradient of the site. During
summer 1991,two groundwater pumping wells,
IGWW and LFARM,were installed at the site in
conjunction with construction of the remediation
facilities (Fig. 1c).

FIELD REMEDIATION PROCEDURES

The treatment technologies used at the site
were two ex-situ methods, landfarming and a
recirculating leachbed, and an in-situ method,
an infiltration gallery, for saturated soils. The

CONTAMINATED SOil

NO SCALE

design of these systems was completed in early
1991and a construction contract was awarded in
April 1991 (Anonymous 1991). Construction
started in late April 1991,but exceptionally high
groundwater resulting from heavy snowfalls dur-
ing the winter of 1990-91 delayed completion.
Because of the construction delay, the facilities
began to operate during the first two weeks of
August 1991.

Landfarm

Design
The landfarm is a lined, bermed area that is

190 by 230 ft (58 by 70 m). The liner is 50-mil
(1.524-mm-thick) high-density polyethylene
(HDPE) and is protected at the top and bottom
by 12-02 (4.07-g/m2) fabric. A I-ft (30-cm) layer
of filter rock covers the liner to aid drainage. To
prevent clogging, the filter rock is separated from
the overlying contaminated soils by nonwoven
geotextile separation fabric (Fig. 3). A system
was installed inside the liner to collect and recir-
culate leachate. Berms are sufficiently high to
contain projected annual precipitation. Leachate
recirculation is routed through a mixing tank for
nutrient additions and then through spray irriga-
tion lines on the surface of the land farm site. The
soil surface under the liner is sloped to ensure

190'

a. Construction specifications.

Figure 3. Landiarm (1 it = 0.3048 mY.
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that the liner directs leachate into the collection
system (Fig. 3a).

Construction

After vegetation was cleared from the landfarm
site, the native sandy-silt material was excavated
to attain the design contours at the bottom of
the landfarm. Excavated material was used to

form the surrounding dike. The lowest point in
the structure was approximately 2.5 ft (0.76 m)
below the original surface of the mineral soils,
and the soils in the lower portions of the struc-
ture were saturated by groundwater. Construc-
tion of the facility was delayed to allow the
groundwater elevation to recede.

After the groundwater level receded, the
native soils were compacted, a separation fabric
was placed atop the sandy-silt in the lower half
of the excavation, a I-ft (30-cm) lift of embank-
ment material was placed over the bottom of the
entire excavation, and the berm height was also
increased. A layer of 12-oz (4.07-g/mZ) cushion
fabric was placed before HDPE liner sections
were positioned parallel to the 230-ft (70-m)
axis of the landfarm, with seams overlapping
5-6 in. (13-15 cm). Heat-welds were made along
the seams and weld integrity was tested. Follow-
ing weld testing, a cushion fabric was placed
over the HDPE liner and a I-ft (30-cm) layer of
filter rock covered with a layer of nonwoven
separation fabric was added.

The leachate recovery system was a 4-in.
(lO-cm) perforated PVC pipe placed in the trench
at the center of the landfarm parallel to the 230-ft
(70-m) axis. A riser at the lower end of the
landfarm was used for pumping water from the
leachate system. The riser was connected by a
I-hp (lO-kg cal/min) trash pump to a fertilizer
mix tank installed on a 2-ft-high (61-cm-high)
platform. A 30-ft (9-m) irrigation well for adding
supplemental water to the landfarm and a sur-
face irrigation system were installed. Surface
irrigation was through 2-in. (5-cm) aluminum
pipes and rotating sprinkler heads. The nutri-
ent mixture was gravity fed to the irrigation
piping. Water could be delivered to the irriga-
tion system from the well, fertilizer tank, or the
drain system (Fig. 3b).

Soil treatment

Approximately 500 yd3 (382 m3) of soil, previ-
ously stockpiled during cleanup of the fuel spill
next to the railroad tanker body, and approxi-
mately 3200 yd3 (2500 m3) of soil excavated and

transported from the old burn pit area were
moved into the landfarm. The extent of this exca-
vation in the burn pit area is shown in Figure 4.
The contaminated soil was disked weekly with a
2-ft-diam. (60-cm-diam.) disk for aeration and
nutrient mixing. The disk mixed the upper 8 to
12in. (20to 30 cm) of soil. Each week, 251b (11.35
kg) of ammonium nitrate (NH4N03) and 2 Ib
(0.908kg) of potassium (potassium sulfate) were
mixed with 150gal (568L) of water and allowed
to flow into the irrigation piping. The well pump
was activated to disperse the fertilizer mixture
over the landfarm area. Irrigation water was
added to the landfarm several times during
August to keep the soil's moisture content at
25-85% of field capacity.

The 1992 operational season began in mid-
April; a wheeled loader and a large snowblower
were used to remove approximately 80 in. (2 m)
of snow from the landfarm. An additional 15in.
(38 cm) of snow fell after the winter accumula-
tion was removed. Meltwater, coupled with the
moisture from rainfall in late August and Sep-
tember 1991, saturated the material in the
landfarm and delayed tillage until 23 June. The
rate of fertilizer application was increased to
600 Ib (272 kg) of ammonium nitrate, 150 lb
(68 kg) of triple super-phosphate, and 50 lb (23
kg) of potassium each month. Applying fertil-
izer through the irrigation system during 1991
resulted in uneven coverage because of leaky
joints in the irrigation pipe, so dry fertilizer was
applied in 1992. A tractor-mounted broadcast
spreader was used, followed by tillage.

Processmonitoring
Landfarming is one of the most commonly

used and accepted soil biotreatment techniques
in temperate regions (Kuroda and Nusz 1994),yet
information on landfarming that would expedite
its application to cold regions was sparse. For
these reasons, we emphasized characterization
of the landfarm and the governing processes
within it.

Microbialactivity. We characterized the micro-
bial activity at the landfarm by four methods. A
most probable number (MPN) sheen screen tech-
nique was used to enumerate the oil-degrading
population. Radio-respirometry was used to
determine the potential to mineralize specific
hydrocarbons. Nonspecific microbial activity
in the field was estimated by measuring evolved
carbon dioxide (COz). This was done by alkali-
trapping and both gravimetric and gas chromato-

7
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gram analysis. In August 1991,five composite soil
samples were collected at six times and analyzed
using radio-respirometric assays and sheen screen
techniques. Field measurements of CO2 evolu-
tion were made on seven different occasions.

Contaminant degradation rates. Contaminant
degradation was also estimated by measuring
dichromate-oxidizable organic carbon and
gravimetric total petroleum hydrocarbon (TPH)
levels. At approximately monthly sampling
intervals, 25 composite samples were collected in
a grid pattern and analyzed. Laboratory results
were then examined using geostatistical meth-
ods. Soil extract hydrocarbon analyses were also
performed by an independent testing laboratory
on soil samples collected by FIA personnel. Dur-

ing 1991,samples were analyzed for TPH by an
infrared method. Soil samples collected during
1992 were analyzed for diesel range petroleum
hydrocarbons (DRPH),gasoline range petroleum
hydrocarbons (GRPH), and benzene, toluene,
ethylbenzene, and xylene (BTEX).

Organic vapor emissions. Headspace gas con-
centrations were measured for samples collected
on 18August 1992,using an organic vapor meter
(OYM) calibrated for benzene. On 20 August
1992, samples were collected for laboratory
analysis of DRPH concentrations. No detectable
DRPHs were measured in these samples (Table
1). These results indicated that material in the
land farm reached appropriate cleanup levels for
closure sampling and disposal.

Table 1. Landfarm analytical results.

Date
TPH

(mg/kg)

DRPH

(mg/kg)

GRPH

(mg/kg)

Location 16
<DL

29* 2300
<DL*

71 55
<DL

Location 7

<DL

B

(mg/kg)

T

(mg/kg)

E X

(mg/kg) (mg/kg)

Location 12

0.06 0.290.15 <DL

Location 14

0.02 0.07 0.03 0.08

Location Numbers
-19011-

N-

230II

Access Road

9

21 Aug 91 1100

28 Aug 91 1700

18Sep 91 770
01 Oct 91 1100

15]u192
20 Aug 92

21 Aug 91 4000

28 Aug 91 3500

18Sep91 1000
01 Oct 91 900

15Jul 92
20 Aug 92

20 Aug 92

20 Aug 92

*Below detection limits.
1Light deisel.

25 20 15 10 5

24 19 14 9 4

23 18 13 8 3

22 17 12 7 2

21 16 11 6 1
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Treatment results

Microbial activity. First year data from the
University of Alaska cooperators in this study
revealed no increase in mineralization potentials
or microbial numbers attributable to the addition

of nitrogen, irrigation, or tilling (Rawls-McAfee
and Brown 1992). In 1992, 180 soil samples were
collected for radio-respirometric assays (Brown
et al. 1991) and sheen screen analysis. The results
indicated an increase in the mineralization po-
tentials and numbers of microorganism, which is
consistent with biodegradation.

Contaminant levels. Soil carbon levels showed a

decline in organic carbon and the TPH levels
through 1991 and 1992 (Fig. 5). To address the
spatial variability issue, CRREL researchers esti-
mated biodegradation rates from a 25-point grid
on a I-acre (4047-m3) landfarm. A variety of ana-
lytical means were used. The simplest and least
costly method, using dichromate oxidizable car-
bon, yielded estimated degradation rates that
varied substantially throughout the site.

Three critical observations were noted. First,

the degradation of organic carbon was readily
measured, even though with a relatively crude
technique such as dichromate oxidizable carbon.
Second, the measured degradation rates, expressed
as half-lives, varied by seven-fold within a I-acre
(4047-m3) site. Third, there was a pattern in the
variability; the center of the site had a much

shorter half-life. Sampling locations and results
for paired soil hydrocarbon analyses are shown
in Table 1. These tests indicated a decline in soil
hydrocarbon concentrations through the two
seasons.

Organicvaporemissions.These results are shown
in Table 2. Organic vapors were detected at low
concentrations in 4 of the 25 samples analyzed.
Additional soil organic vapor analysis typically
resulted in low levels.

Infiltration gallery
The infiltration gallery is a dynamic in-situ

treatment system designed to stimulate hydro-
carbon degrading bacteria by circulating nutrient
and oxygen-amended water through petroleum-
contaminated soil. The infiltration gallery was
installed in the area of the fuel spill next to the
railroad tanker body. The soil excavated from
this area was moved into the landfarm for treat-
ment, and the infiltration gallery was used to
treat the surrounding soil that was less inten-
sively contaminated. The infiltration gallery has
a groundwater pumping well located down-
gradient from the location of the spill. Nutrients
are added to water pumped from the well. The
water is then infiltrated from a 20-by 100-ft (6-by
30-m) gallery through petroleum-contaminated
soils. Oxygen is added to the water within the
infiltration gallery by aeration.

N-

230It

Access Road

11

Table 2. Results of organic vapor meter survey for the 1andfarm, 18
August 1992.

Cone. Cone. Cone. Cone. Cone.

Loe. (ppm) Loe. (ppm) Loe. (ppm) Loe. (ppm) Loe. (ppm)

1 0 6 1 11 5 16 0 21 0
2 0 7 20 12 0 17 0 22 0
3 0 8 0 13 0 18 0 23 0
4 0 9 0 14 0 19 0 24 0
5 0 10 0 15 0 20 0 25 0

Location Numbers
-190 It--

25 20 15 10 5

24 19 14 9 4

23 18 13 8 3

22 17 12 7 2

21 16 11 6 1
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Design
Design views of the infiltration gallery, pump-

ing well, and piping systems are shown in Figure
6. To promote infiltration of water through the
sides and bottom of the gallery, it is filled with 2-
5 in. (5-13 cm) cobbles and a low percentage of
finer materials. The pumping well is designed to
draw water from a depth of 15-20 ft (5-6 m)
below the original ground surface and to pro-
duce 35-45 gal/min (133-170 L/min) of flow.
This water is distributed in the infiltration gal-
lery through the system of 4-in. (lO-cm) perfo-
rated pipes located 1 ft (30cm) below the surface
of the infiltration rock. Nutrients are mixed in a
500-gal (l893-L) tank located in the equipment
shed next to the gallery. The nutrient solution is
injected into the pumped water stream prior to
infiltration using a chemical feed pump. Oxygen
is added to the water in the infiltration gallery
by 4-in. (lO-cm) perforated pipe located near
the bottom of the gallery. Air is supplied to the
aeration piping by two lO-hp (100-kg cal/min)
blowers.

83
5

DEC2. I

Construction

The gallery was constructed by excavating an
area 25by 100ft, 6-7 ft deep (7.5by 30 m, about 2
m deep). High groundwater was encountered
during excavation, limiting the depth of excava-
tion. Material removed during the excavation was
suspected of having been contaminated by the
prior fuel spill and was placed directly into the
landfarm. Following excavation, approximately
1 ft (30 cm) of the 2-5 in. (5-13 cm) infiltration
rock was placed on the bottom of the gallery. The
aeration manifold was then positioned and infil-
tration rock added to 1ft (30cm) below the final
grade of the structure. The water distribution
piping was then placed and infiltration rock
added to achieve the final design grade. A 1-ft
(30-cm) berm was placed around the gallery to
prevent surface runoff from carrying fines into
the infiltration rock. When the gallery was com-
pleted, the pumping well was installed and the
equipment shelter housing the fertilizer mix tank,
blowers, and electrical distribution panel was
installed on site.

100'
INFilTRATION PIPINJ

_~ m._m__m!.?_~.1) IG3
~ 5

TR3
.

TR2TR1. .
IGWW AERATIONPIPING <~-:':_:.:..::::::::::

WATER FLOW METER -
MIXTANK

FERTILIZER FEED PUMP

IG1
5

DEC1. IG5'1$

5 MONITORING WELL

e MONITORING POINT

8' 0 4' 8'

)0,- L H
16' 32'

I

$IG2

INFILTRATION GAllERY

SECTION (NOT TO SCALE)

Figure 6. Infiltration gallery and monitoring wells (1 ft = 0.3048 mY.
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Table 3. Infiltration gallery discharge monitoring. several times because of high concentrations of

Benzene Btex NO]
N03 measured in the monitoring wells. Prob-

(jlg/L) (jlg/L) (mg/L)
lems were also encountered when the nutrient

Date 1Dee 2 Dee 1 Dee 2 Dee 1 Dee 2 Dee feed pump clogged several times.

a. 1991
Monitoring

10Aug 1.0 0.9 1.0 0.9 <OL* 1.38 Parameters monitored at the infiltration gal-
23 Aug lery included soil and groundwater temperatures
26 Aug 0.05 0.28

03 Sep <OL <OL <OL <OL 0.43 0.45 to a depth of 20 ft (6.1 m), nutrient feed rate and

10Sep 2.10 4.10 concentrations, pumping well flow rate, and
17Sep <OL <OL <OL <OL 3.83 7.08 groundwater elevation in and outside the gallery.
23 Sep 7.30 7.85 Groundwater chemistry monitoring included
01 Oct <OL <OL <OL <OL 2.10 6.78

concentrations ofCI, N03, P04, S04' Ca, Mg, Na,04 Oct
07 Oct 0.80 6.50 K, Fe, Br, F, Pb, 02, nitrate, TPH, and aromatic

b. 1992 hydrocarbons for samples extracted from the six

19Jun <OL <OL <OL <OL 0.7 1.1 monitoring wells surrounding the gallery and

26Jun the pumping well. The numbers of hydrocarbon

01 Jul 1.7 1.8 degrading microorganisms and microbial miner-

06Jul alization potential for groundwater samples ex-

09 Jul 0.2 <OL 0.6 <OL 8.6 6.9 tracted from several of the infiltration gallery

16]ul 6.5 5.1 monitoring wells were also measured during both
17Jul operating seasons. The locations of the wells and
23Jul <OL <OL <OL <OL 2.8 2.8 points used to monitor the infiltration gallery

30Jul 0.7 0.7 operation are shown in Figure 6.

06 Aug <OL <OL <OL <OL 2.8 1.2 Frequent monitoring of benzene, BTEX, and

06 Aug nitrate in the groundwater at monitoring wells

13Aug 5.38 5.59 DECI and DEC2 was required for compliance

18 Aug with the State Waste Treatment/Disposal Permit

20 Aug <OL <OL <OL <OL <OL 6.6 necessary to operate the infiltration gallery. Table

24 Aug 3 shows the results of this monitoring for 1991

28 Aug 4.2 3.5 and 1992. If nitrate concentrations exceeded 5

03 Sep <OL <OL <OL <OL 0.5 0.8 ppm (mg/kg), the permit required action be taken

II Sep <OL 0.6 to reduce the concentration; if concentrations

16 Sep <OL <OL <OL <OL 0.55 0.8 exceeded 10 ppm (mg/kg) (federal MCL), the
0I Oct <OL <OL permit required that the system be shut off. The

* Below detection limits. concentration of nitrate was found to rise quickly

at the monitoring wells, reaching action levels
Operation within 2-3 weeks of startup. The measured con-

The infiltration gallery operation consists of centrations never exceeded 10 ppm (mg/kg). Ben-
pumping groundwater at a rate of approximately zene and BTEX were detected only once in these
40 gal/min (151 L/min) from the pumping well wells after initial startup in 1991. These mea-

and infiltrating the water through petroleum- sured levels of BTEX were substantially below

contaminated soils surrounding the gallery. A the federal MCL.

fertilizer solution is prepared in the mix tank, Before the system began operating in 1991,
such that when it is injected into the stream of benzene was detected at concentrations of less

water to be infiltrated, the final concentration of than I ppb (/.-lg/kg) in the monitoring wells

nitrogen is 40 ppm (mg/kg). The N:P:K ratio sampled. After the system had operated for 10
used in the nutrient solution is 10:I: I. days, benzene and BTEX were no longer detected

On 23 August 1991, the system was activated in the monitoring wells. After 3 days of opera-
and operated continuously until 7 October. Phos- tion, benzene levels in the pumping well were
phate fertilizer was not added during 1991. The measured at 12 ppb (/.-lg/kg). This well was not
system was also operated from 23 June through 1 sampled before startup. The levels of benzene in
October 1992. During this time, the concentra- the pumping well remained near 10 ppb (/.-lg/kg)
tion of ammonium nitrate input was reduced throughout the 1991 operating season. Benzene
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and BTEX not being detected in the infiltration
gallery monitoring wells during operation tells
us that aromatic hydrocarbons were being
removed by the infiltration gallery or by micro-
bial degradation.

Before the operation began in 1992, benzene
and BTEX levels were found at concentrations

similar to those measured prior to operation in
1991(1 ppb l!J.g/kgJ) in the monitoring wells sur-
rounding the gallery. Benzene was not detected
and 1.8 ppb (!J.g/kg) BTEX was detected in the
pumping well before operation in 1992. Similar
to the 1991 season, benzene and BTEX were gen-
erally below detectable limits in the six monitor-
ing wells surrounding the infiltration gallery dur-
ing the nearly 100 days of operation in 1992.
Benzene was detected at less than 2 ppb (!J.g/kg)
and BTEX levels were less than 5 ppb (!J.g/kg) for
water extracted from the pumping well during
1992, which is significantly lower than the 1991
levels.

The size of the microbial population before
startup of the infiltration gallery in 1991 was
higher (counts of hydrocarbon-degrading micro-
organisms in groundwater samples collected next
to the infiltration gallery) than in samples from
other monitoring wells on and off the site. A
similar trend was observed in the mineralization

potentials. After startup, our estimates of micro-
bial population numbers and mineralization
potential declined significantly at the monitoring
wells near the infiltration gallery.

The observed rapid transport of nitrate away
from the gallery and the decline of microbial
population and activity levels showed us that the
water being pumped from deeper in the aquifer
flows across the surface of the groundwater table
some distance from the gallery. As a result, the
microbial population possibly was being moved
from the site faster than it could regenerate. To
quantify the hydrological influence of the infil-
tration gallery in terms of flow rates, radius of
influence, and dilution factors, groundwater
tracer studies were developed for the 1992 oper-
ating season.

Two groundwater tracer studies, conducted in
conjunction with the infiltration gallery, deter-
mined the flow pattern and flow rate of the
nutrient-enriched water as it moved away from
the infiltration gallery and was drawn towards
the groundwater pumping well. The primary
tracer study introduced sodium bromide into
the stream of water flowing to the infiltration
gallery, beginning on 21 July 1992. The concen-

tration of sodium bromide at the point of mixing
was 4 ppm (mg/kg). Injection was stopped on 1
August 1992. Frequent monitoring of the bro-
mide concentrations in 15 wells and monitoring
points surrounding the gallery continued until
13August 1992.

The second tracer study introduced 1000L of a
330 ppm (mg/kg) solution of water and sodium
fluoride into an injection well that was hydro-
logically up-gradient of the infiltration gallery.
The tracer was injected during a I-hour, 39-minute
period on 8 July 1992. Fluoride concentration
was monitored in wells next to the point of injec-
tion for several weeks after.

Groundwatersampling
The wells mentioned in the previous para-

graph were constructed with PYC pipe. The B,
IG, DEC, and TR series wells were constructed
with flush-threaded PYCpipe. The screened inter-
val of the wells consists of machine-cut slots in
the PYC pipe, with silica sand used as the out-
side packing. The upper portion of the TR series
wells is cased in a I-ft-diam. (30-cm) pipe that
extends above the ground surface, terminating in
a lockable sampling shelter. The B, IG, and DEC
series wells are sealed with bentonite pellets, and
capped at the surface with a cement-bentonite
slurry seal. Construction details of the PTAN well
are not readily available. We assumed the con-
struction of this well to be similar to that of the
IG series wells.

Results

During July 1989,Shannon & Wilson sampled
the B series wells for purgeable aromatics and
purge able halogens. From fall 1990to the present,
personnel from the Department of Natural
Resources (DNR), Division of Water, sampled
groundwater at the site. Initially, only wells
PTAN, Bl, B2,and B4were sampled. WellB3was
added during spring 1991.Monitoring at the IG
and DEC series wells commenced during August
1991in conjunction with the startup of the infil-
tration gallery.

Samples collected by DNR were analyzed by
the Alaska Division of Water, Water Quality Lab-
oratory in Fairbanks, Alaska, and by Northern
Testing Laboratories (NTL), also located in
Fairbanks. Parameters measured by DNR
included field measurements of conductivity,
dissolved oxygen, temperature, and pH. Analyses
by the Water Quality Laboratory include the con-
centrations of Cl, N03, P04' S04, Ca, Mg, Na, K,
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Fe, Br,F,Pb, alkalinity, and TPH. Aromatic hydro-
carbons and nitrate analyses, which were required
for compliance with the water discharge permit
needed to operate of the infiltration gallery, were
conducted by NTL.

Recirculating leach bed
The recirculating leach bed is a closed-cell

system that circulates nutrient-amended water
through contaminated soil. Air diffusers add
oxygen to the water. The system was designed so
that the lined cell and associated piping could be
abandoned in place once soils had been remedi-
ated. The above-ground mechanical equipment,
which is the primary cost associated with this type
of system, could then be used at other locations.

Recirculating leachbeds are similar to slurry

MIX TANK

WATER CIRCULATION SYSTEM

:>

reactors. The concept is to build a lined contain-
ment area to serve as a bioreactor (Fig. 7). Either
a pit (generally resulting from the excavation), a
bermed perimeter, or a combination can be used,
depending on available materials. Contaminated
soil is placed into the bioreactor and, through an
inexpensive PVC distribution system, aerated and
nutrient-amended water is recirculated into the
bottom of the bioreactor, upwards through the
contaminated soil, and then through overlying
ponded and aerated water. Skid-mounted mech-
anical systems include a mixing tank and circula-
tion pumps for water and air.

Design
The 26- x 26-ft (8- x 8-m)pit was lined with a

nominal 20-mil (O.508-mm-thick),woven, black

26'

16'

POND BOTTOM

36'

Figure 7. Recirculating leachbed system (1 it = 0.3048 mY.

SCALE AS SHOWN
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HDPE scrim, coated on both sides with black
HDPE. A water distribution system of 4-in. (10-
em) perforated schedule 40 PVC pipe was placed
on top of the liner and covered with contami-
nated soil. An air header constructed of 4-in.

(lO-cm) schedule 40 PVC pipe was placed just
below the surface of the contaminated soil, with

25 air diffusers attached to the piping located 4
in. (10-cm) above the soil surface. Water is added
to the pit, saturating the contaminated soil, and
submerging the air diffusers.

Water is circulated through the system using a
I-hp (lO-kg call min) trash pump to extract water
from the surface of the leach bed. The water is

pumped to a 1000-gal (3785-L) fertilizer mix tank
and is allowed to flow by gravity from the bot-
tom of the tank to the water distribution piping
in the bottom of the pit. The water then perco-
lates up through the soil mass carrying nutrients
and oxygen to the hydrocarbon degrading bac-
teria. A 9-kW emersion heater is placed in the
tank to elevate the temperature of the circulating
water.

Air is supplied to the diffusers by a 2.5-hp (25-
kg call min) regenerative blower. Aeration was
also provided in the mix tank by an air compres-
sor, attached to a single air diffuser located in the
bottom of the tank.

Construction
The leach bed was installed at the location of

the cross-shaped burn pit (Fig. Ie). Contaminated
material in the area was excavated and moved to
the landfarm facility and the area was back-filled
with mechanically compacted sandy-silt mate-
rial. The leach bed pit was then excavated and
recompacted. The liner was factory seamed and
arrived at the site as a single 55- x 55-ft (16.75-x
16.75-m) sheet. The liner was fitted into the
excavation and the water distribution manifold
was placed at the bottom of the pit. Approxi-
mately 150yd3 (115m3)of contaminated soil that
was stockpiled in the landfarm was placed in the
pit. The air distribution header was buried by
hand at the surface of the contaminated material
and the skid-mounted mechanical equipment was
moved to the site and plumbed to the air and
water distribution systems.

Operation
Beginning on 9 August 1991, water was

pumped from the infiltration gallery well to fill
the leach bed system. Initially, the air manifold
floated to the surface and sandbags were used to

anchor it in place. On 12 and 13 August, water
continued to be pumped into the pit until the
water level was approximately 1ft (30em) above
the surface of the contaminated soil. On 17
August the water level had receded and more
water was added. After water had to be added
several times, it was apparent that the liner sys-
tem had leaked. Approximately 35,000 gal
(132,000 L) of water was pumped into the pit.
This is enough to fill the empty pit. Although the
cause of the leak has not been verified, several
possibilities exist: mechanical damage during
placement of the contaminated soil with the back-
hoe; tearing of the liner at a seam as it was loaded
with soil; puncturing of the liner by rocks in the
fill material because the liner was not protected
by sand or cushion fabric; or cracks in the thin
HDPE coating covering the scrim when the liner
was folded into the corners of the pit.

Result

Although we encountered problems with the
recirculating leachbed at the FIA site, a member
of our research team was involved in designing
and operating another recirculating leachbed at
more northerly location. At this location, TPH
levels in a diesel- and waste-oil-contaminated soil
decreased from between 300 and 47,000 mg/kg
to between 240 and 570 mg/kg in 5 weeks at
Anatuvuk Pass, in northern Alaskan. Correspond-
ing values for petroleum and hydrocarbon-
degrading microorganisms, as determined by the
sheen screen technique (Brown and Braddock
1990), increased from 1.8 x 104/g to 4.5 x 106/g.
Final diesel-range organics, after 8 weeks of treat-
ment, were less than 200 mg/kg.

DISCUSSION AND
CONCLUSIONS

Landfarm
The results from the landfarm treatment are

promising and significant. A seven-fold variabil-
ity in rates suggested that the slower rates could
be improved to match or approach the faster
rates. Faster degradation rates would reduce the
time and cost required for treatment and conse-
quently reduce the chance of leaching or off-site
migration during treatment. At least part of the
difference in rates may be ascribable to moisture
and nutrient additions. Evidence of this is seen in
the pattern of the degradation variability, which
appeared to correspond to the pattern of irriga-
tion and fertilization. Owing to the nature of the
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couplings in the irrigation lines, the center of the
site was more heavily treated than the edges.

The greatest operational problem that we
encountered in the landfarm so far is the man-

agement of excessive soil moisture. Spring snow
removal is the only way of limiting water input
from precipitation. High soil-moisture content
during the early summer may not allow tillage,
shortening an already brief operating season.
Evaporation of excess moisture may be enhanced
by pumping water from the drain system, and
spraying it on the surface of the land farm. How-
ever, the pumping rate for the underdrain system
is limited by the rate of water percolation through
the filter rock to the perforated drainage pipe.

On the basis of testing and observation, land-
farming of the petroleum-contaminated soils from
the old burn pit site appears to be a viable method
of remediation. With appropriate nutrient amend-
ments, the landfarm may be used to remediate
1100 to 1600 yd3 (841 to 1223 m3) of material
during one summer season.

Infiltration gallery
Because of the difficulty in obtaining suffi-

cient data from an in-situ, saturated system, it is
difficult to draw any definite conclusions regard-
ing the operation of the infiltration gallery. How-
ever, some general observations can be made.
The significant reduction in the iron (Fe) con-
centrations in the groundwater during operation
of the facility tells us that iron is precipitating.
This was expected, but, to date, it has not exces-
sively plugged the gallery walls or bottom. There
has been some mounding of water in the gallery,
indicating that the precipitation of iron is slow-
ing the movement of water away from the gallery.

Dissolved oxygen concentrations at the gal-
lery monitoring wells remained low (less than 10
mg/L) throughout the operating periods. Oxy-
gen concentrations were slightly higher in the
wells closer to the gallery, showing the influence
of the aeration system. Also, phosphate (P04)
was not detected at any of the wells during the
period when it was added to the infiltration
water at a final concentration of approximately 4
mg/L. These factors would be expected to lower
the total population of microorganisms and slow
their metabolic processes.

Plans are to continue monitoring of ground-
water concentrations of aromatic hydrocarbons
in wells next to the infiltration gallery. Soil con-
taminant levels around the gallery will be quan-
tified to see if more treatment is required. Further

operation of the infiltration gallery will be based
on continued monitoring.

Recirculating leachbed
We encountered three problems during the

brief operation of the leachbed. First, the air
manifold floated to the surface. This should be

anchored using cables and" deadmen" in future
installations. Second, "piping" of water was ob-
served in the soils immediately above the water
distribution manifold. This will short -circuit the

flow of nutrients and oxygen through the entire
soil mass, potentially slowing the rate of
remediation. Third, it may be necessary to install
a heavier liner and to provide better protection
for it by installing cushion fabric or a layer of
sand.

The more rapid remediation attained with the
recirculating leach bed can be used alone or in
conjunction with landfarming and could provide
an expedient means to treat highly contaminated
soil. This would increase the potential for land-
farming of the remaining soil without liner
requirements.

Because of the relatively small amount of
soil that the leachbed can remediate relative to

the quantity of contaminated soil located at the
CFR site, there are no plans to reconstruct it.
Contaminated soils in the pit will be moved to
the landfarm in the future. The equipment used
with the leach bed may be useful for remedi-
ating fuel-contaminated water generated in
conjunction with fire training exercises at the
new lined fire-training pit recently constructed
at FIA.
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