
POPILE, INC., SUPERFUND SITE


TECHNICAL IMPRACTICABILITY DETERMINATION

The Popile, Inc. Superfund Site (Site), CERCLIS ID # ARD008052508, is a 41 acre property about 3/4 mile south of the city of El Dorado in Union County, Arkansas (Figure 1).  The property is bordered by South West Avenue on the west, the Ouachita Railroad on the east, and Bayou de Loutre on the north.  These three boundaries intersect on the north end of the Site.  A forested highland area borders the Site to the south.   The surrounding area is rural and residential/ commercial, although no homes are located along the Site perimeter.  The city of El Dorado has a population of approximately 25,000.

Prior to the beginning of wood treatment operations, the Site was associated with oil field and storage operations.  Prior oil-field activities included several above-ground storage tanks and oil pits in the immediate vicinity of the Site.  El Dorado Creosote Co., the predecessor company of Popile, Inc., began using the Site as a wood treatment facility in 1947.  El Dorado Pole and Piling Company, Inc., purchased the property in 1958.  A small impoundment was initially constructed to store process wastewater and sludge from the early operations.  By 1964, this impoundment had grown considerably in size and a sludge pit was added. Two additional process impoundments were constructed in 1969.  Starting in 1976, three surface pits were used as part of the waste treatment process at the plant.  The primary contaminants found at the Site include PCP and creosote compounds associated with wood treatment.  Wood treatment operations stopped in July 1982.  In September 1982, Popile, Inc. was formed and apparently purchased about 7.5 acres of the property, including the three surface pits.  El Ark Industries, Inc. apparently purchased the remaining 34 acres (County records reveal some ambiguity as to whether these last two transactions were actually concluded).
The Environmental Protection Agency (EPA) proposed the Site for inclusion on the National Priorities List (NPL) in February 1992.  The Site was listed on the NPL on October 14, 1992.  The Remedial Investigation and Feasibility Study (RI/FS) began in January 1992 and was completed in July 1992. EPA issued a Record of Decision (ROD) in February 1993 specifying the in-situ (in place) treatment of contaminated ground water, the extraction and off-site disposal of free phase wood treating fluids, and the on-site biological land treatment of contaminated soils and sludge.

SPECIFIC ARARs or MEDIA CLEANUP STANDARDS


The Technical Impracticability (TI) waiver will apply to the remedial goal of 0.2 parts per billion (ppb) for polycyclic aromatic hydrocarbon (PAH) compounds expressed as benzo(a)pyrene. This remedial goal was established in the 1993 Record of Decision (ROD) and is based on the Maximum Contaminant Level (MCL) identified in the Safe Drinking Water Act. While the 1993 ROD did not identify any other remedial goals for the ground water, the other potential Applicable or Relevant and Appropriate Requirements (ARARs) for this Site that the TI Waiver will apply to is the 1 ppb MCL for pentachlorophenol (PCP).

SPATIAL EXTENT OF TI WAIVER


The TI waiver will apply to the ground water present beneath the current Site boundary eastward to the Ouachita Rail Road as illustrated in Figure 1.  The horizontal extent is based on the presence of residual contamination throughout the Site soils and non-aqueous phase liquid (NAPL) within the aquifer beneath the former impoundment area.  The vertical extent of the TI waiver is to the base of the Cockfield aquifer approximately 55 feet below the ground surface containing the PCP and PAH NAPLs and associated dissolved contaminant plume.  While NAPL contamination has been found in an isolated off-site area, the contamination does not extend vertically to the aquifer and the adjacent ground water monitoring wells have remained non-detect for the contaminants of concern.

SITE CONCEPTUAL MODEL


Background
There are no drinking water wells located within ½ mile of the Site.  Shallow groundwater (20 feet deep) within the county is used only upgradient of the Site, primarily for livestock and irrigation.  The Site is located within a former oilfield area with production dating back to the 1920's.  In addition, crude oil contamination of the soil is present between the eastern Site boundary and Bayou de Loutre. Ground water quality has likely been degraded as a result of the past operations in the area.  Deep aquifer (500 to 600 feet deep) wells completed in the El Dorado aquifer of the Sparta Sand are more than 3 miles from the Site and provide drinking water to more than 26,000 residents. These wells draw from a much deeper ground water zone than the shallow zone.
Geologic and Hydrologic Setting
The Popile Site is located in an upland area adjacent to the alluvial valley of the Bayou de  Loutre, a tributary of the Ouachita River. Near‑surface geology in the area consists of the Quaternary age alluvium overlying the Cockfield and Cook Mountain formations. The Cockfield formation is the prevalent surface unit in the upland areas of the Site and is present beneath the clean backfill. The Cockfield formation consists of fining upward sequences and is divided into two general stratigraphic units, namely: the upper fine‑grained unit consisiting of silts and clays (upper layer); and a lower carbonaceous rich sand layer (lower layer) (Figure 2).

The upper layer underlies most of the Popile Site and areas east of the Site.  This unit consists of interbedded clayey or sandy silts, or sandy clays. In the Removal Action area, the unit thickness across the Site now ranges from approximately 6 to 19 feet.  Based on the rise in water levels in wells completed in the underlying sand, this upper layer acts as a confining layer to sands below it on the eastern portion of the Site.  The upper layer appears to grade laterally into a sand facies along the western boundary of the Site, consisting of fine‑ to very fine‑grained clean sand with an occasional interbedded silt or clay layer.  The fine‑grained unit is projected to underlie the Bayou de Loutre. 

The shallow Cockfield aquifer is within the carbonaceous rich lower layer and consists  predominantly of a poorly graded, fine to very fine sand.  Scattered small pebbles are common, and at some locations, thin beds of gravelly sand or sandy gravel occur.  The upper third of this sand layer has disseminated carbonaceous matter (up to 3%) throughout the unit, averages 15 feet in thickness across the Site, and is the aquifer zone of interest as far as contaminant migration. 

Overall, the lower carbonaceous sand layer is 21 - 51 feet thick and comprises the lower 2/3 of the shallow aquifer, and the variation in thickness generally reflects the change in elevation of the underlying Cook Mountain surface.  A characteristic feature of this unit is that it has layered black carbonaceous matter which acts as a barrier and "filter" to downward migration of contaminants.  The individual carbonaceous layers range in thickness from 18 to 31 inches.

The Cook Mountain formation consists of clays and silty clays and may range up to 160 feet in thickness.  It is regionally the lower confining layer for the Cockfield formation and also the upper confining layer for the underlying Sparta Sand aquifer, a regional drinking water aquifer.

Beneath the Site, the direction of groundwater flow is east and northeast with a horizontal gradient on the order of 0.015 feet/feet within the shallow Cockfield aquifer.  The aquifer transitions from unconfined conditions along the hills on the western side of the Site to confined conditions beneath the former treatment cell, as the sand aquifer is recharged in the higher elevation area and the upper layer acts as the confining layer in the lower elevation area.  The degree of confinement increases toward the Bayou de Loutre as the proportion of silt and clay increases in the upper layer.  Hydraulic communication between the shallow aquifer and the Bayou is weak, and groundwater flow tends to pass beneath the Bayou in this segment.

Hydraulic conductivities across the Site vary with depth.  The greatest hydraulic conductivity contrast occurs on the interface between the upper layer and the sand layer.  Hydraulic conductivity values tend to be within the 1x10-5 to 1x10-4 cm/sec range within the upper layer, and 5x10-4 to 5x10-3 cm/sec range within the shallow aquifer.  Contaminant transport is  predominantly horizontal in the sand layer.

Contaminant Source
Wood-preserving operations at the Popile Site began in 1947.  Chemicals used during this period typically included creosote or a mixture of  30% to 50% creosote with petroleum distillate or an asphalt-based residuum oil for wood treatment.  The mixture was used to aid the penetration of creosote into the wood and was applied in pressurized cylinders.  In 1958, wood preserving operations at the Site included the use of creosote as well as pentachlorophenol (PCP).  PCP preserving typically involved pressure treatment with a light carrier oil, such as diesel, containing approximately 5% entrained PCP.

A small impoundment was initially constructed to store process wastewater and sludge from the early operations.  By 1964, this impoundment had grown considerably in size and a sludge pit was added.  Two additional process impoundments were constructed in 1969.  Wood treatment operations ceased at the Site in 1982.

Creosote is a complex mixture of chemical constituents encompassing diverse chemical structures.  Of the 150 to 200 chemicals in creosote, only a few are present in amounts of 1% or more.  Creosote is a highly insoluble dense non-aqueous phase liquid (DNAPL) that tends to collect in "pools" within the soil matrix. Groundwater tends to flow around these "pools" because the oil is highly hydrophobic, and as a result only a small fraction of the total contained PAH mass is actually exposed to the groundwater.  The solubilities of the PAHs identified at the Site vary from relatively insoluble to 31 milligrams per liter (mg/L).

Commercial grade pentachlorophenol (PCP) is a white crystalline solid with low solubility in water (14 mg/L), but more soluble in diesel oil (3,100 mg/L).  When PCP is used in wood preserving, it is applied in carrier oil to assist in penetration into the wood.  PCP does not readily partition from the oil into the groundwater, so it can slowly leach into the groundwater for long periods of time.  PCP in an aqueous phase (dissolved in water) can be biodegraded through both aerobic and anaerobic processes.

Contaminant Distribution, Transport, and Fate
The RI/FS completed in 1992 did not sufficiently characterize the subsurface conditions such as defining contaminant source and its associated groundwater plume to fully implement the 1993 ROD remedy.  A more detailed site investigation was performed by the U.S. Army Corps of Engineers (USACE) under contract to EPA.  The investigation included a Phase I Site Characterization and Analysis Penetrometer System (SCAPS) completed in 1997 and the Phase II Groundwater Investigation and Modeling completed in 1998.  The Phase I SCAPS investigation evaluated in-situ geophysical soil properties while simultaneously detecting contamination with laser-induced fluorescence (LIF) technology.  The SCAPS survey used 49 sampling locations laid out on a 100-foot triangular grid.  The Phase II investigation defined the shallow subsurface geology and hydrology by means of 8 boreholes, 21 monitor wells, and 2 pump/observation well pairs.  A total of 68 subsurface soil samples were collected from boreholes/wells and analyzed for chemical, physical, and biological parameters.  
Waste generated from past wood preserving operations occurs as both a dense non-aqueous phase liquid (DNAPL) probably associated with creosote and light non-aqueous phase liquid (LNAPL) associated with carrier oils such as diesel.  The 1993 ROD identified PCP and the following polycyclic aromatic compounds (PAHs) as contaminants of concern:  benzo(a)pyrene, dibenz(a,h)anthracene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene.

The contamination extends vertically from the soils beneath the impoundments to a depth of 30 feet or more in the upper sand of the Cockfield aquifer.  The contamination consists of both residual and free-phase NAPL that are absent in the lower carbonaceous layer of the aquifer.  The areal extent of the contamination is approximately 4 acres with an isolated area occurring east of the railroad tracks at a depth of 11 feet.  However, adjacent off-site monitoring wells have not detected contamination from this isolated occurrence of NAPL.  In addition, the constituents of the former carrier oil (diesel) used in the wood treating process, such as benzene, toluene, ethylbenzene, and xylene, have been detected within and adjacent to the NAPL contamination. 

The Phase I and II investigations demonstrated that only the PCP and naphthalene (a PAH) plumes are amenable to spatial interpretation because of their relatively high water solubility.  The lack of mobility of the other PAH compounds causes them to exhibit extreme concentration drop off and virtually no spatial distribution.  Dissolved phase groundwater contamination, as indicated by the PCP and naphthalene, is limited to a 160-foot travel distance within the immediate area of the former process ponds (Figure 3).  In addition, samples from monitor wells and boreholes east of the Site boundary (Ouachita Railroad) indicate non-detect for PCP and PAHs. 
The PAH compounds have various physical and chemical characteristics.  The lower molecular weight PAHs are more biodegradable, volatile, and water-soluble than the heavier compounds.  PAHs are biodegradable, especially under aerobic conditions (in the presence of oxygen).  Several of the lower molecular-weight PAHs are also biodegradable under anaerobic conditions (in the lack of oxygen). 
Microbial degradation takes place in aerobic and anaerobic forms at the Site.  The  dominant degradation mechanism is found to be an aerobic process, in which micro‑organisms gain energy from PCP and PAHs through a series of oxidation‑reduction reactions.  For example, PCP and PAHs are oxidized (lose electrons), and oxygen is reduced (gain electrons).  Major byproducts of the aerobic degradation are carbon dioxide, chloride, and water.  Field evidence of aerobic biodegradation at the Site includes increased carbon dioxide and chloride concentrations, and decreased oxygen levels when compared with background levels outside the zone of contamination. 

	Observed Concentrations (microgram per liter)

	Areas (1)
	Dissolved Oxygen
	Carbon Dioxide      
	Chloride

	Background
	4,500
	67
	200

	Reaction Area
	1,250
	88
	575

	Source Area
	400
	100
	1,200


The Bioplume III model was used to simulate the contaminant distribution and ground water flow conditions that were defined during the Phase I and II investigations.  Bioplume III is a two-dimensional finite difference model specifically designed for simulating the natural attenuation of organic contaminants in groundwater due to process of advection, dispersion, sorption, and biodegradation.  The model was calibrated to the observed site conditions and additional model runs were used to predict the future groundwater flow and contaminant transport.  Although not a contaminant of concern (COC), naphthalene is present in the impoundment area of the Site.  As the most mobile of the PAH class of compounds, naphthalene represents the "worst-case" travel scenario for all other PAH COCs.  Predictive modeling of naphthalene indicated that the contaminant is not expected to extend to the off-site area.  In addition, the calibration process for the ground water model showed the contaminant plumes to be essentially in a steady-state condition for the past 40 years (Figure 4) and are expected to remain so for another 50 years (Figure 5).  The extent of the PCP and naphthalene contamination is predicted to remain within an approximate distance of 160 feet from the source areas, while all other PAHs will be essentially stationary.  Accordingly, it appears that contamination will not enter the Bayou in the foreseeable future, nor is it expected to extend to off-site receptors. 

EVALUATION OF RESTORATION POTENTIAL


Source Control Measures
The EPA conducted a Site Assessment in 1989 and found the leakage of contaminants from the consolidated impoundments closed under the Resource Conservation and Recovery Act (RCRA).  The EPA conducted a Removal Action between September 1990 and August 1991 to address releases from the closure area.  The Removal Action excavated sludge and contaminated soils from the impoundment areas and northern parts of the Site and stabilized the contaminated materials using rice hulls and fly ash.  The stabilized materials (66,000 cubic yards) were disposed of in two clay-lined holding cells in the southern portion of the Site (Figure 6). Excavated areas were backfilled with clean soil and reseeded.  Drainage ditches and other erosion control measures were also constructed at the Site.  In addition, approximately 500,000 gallons of contaminated water with sheen were pumped off from a large number of surface trenches excavated  during the Removal Action.  The pumped ground water from trenches was treated and discharged into Bayou de Loutre. In addition, the old treatment facilities were dismantled.

The 1993 ROD prescribed a remedy of bioremediation in treatment cells of all contaminated soil and sludge including the material stabilized in 1991.  However, the bioremediation pilot study demonstrated that the performance standards for PCP and PAHs set forth in the 1993 ROD cannot be achieved in a reasonable time frame.  Pilot studies for bioremediation of the stabilized soil were unsuccessful with this method of remediation.  Also contaminated soil stabilized in 1991 have been rendered immobile by the stabilization process and a clay liner.  Ground water monitoring in the surrounding area for the past 10 years have not detected contaminants leaching from the holding cells.  Thus, the stabilized soil and sludges do not pose a significant threat of further releases into the environment.

Additional work in early 2000 addressed an area of surface contamination that was not included in the 1990 - 1991 removal action.  This work included the installation of an engineered cap of approximately 0.9 acres near monitoring well 27 to prevent infiltration (Figure 6).  The cap installation commenced on February 21, 2000, and was completed four weeks later, on March 16, 2000.  The design called for a 200 by 200 foot square base with two feet of compacted clay on top of existing grade plus one-half foot of topsoil, all on 4:1 side slopes.

While the prior removal action and soil capping addressed the potential surface exposure route, NAPLs are still present in the remaining soil profile The NAPLs occur as both a residual and free-phase material extending vertically from beneath the clean backfill to a depth of 30 feet or more in the upper part of the aquifer.  The lateral extent of the NAPLs is approximately 4 acres representing a significant mass of soils for either excavation or in-situ treatment.  While the biotreatment pilot test on the contaminated soils was unsuccessful, in-situ treatment of the low permeability soil is also unlikely to succeed in treating either the free-phase or residual phase NAPL contamination.  The removal of NAPL through the use of ground water extraction wells and interceptor trenches is limited by the characteristics of the aquifer and the physical properties of the creosote and PCP present in the aquifer.  

Timeframe to Achieve Remedial Goals
The 1993 ROD identified an area of NAPL contamination in the vicinity of the former impoundments and estimated that a dissolved plume extended well beyond the Site boundary to Bayou de Loutre.  The two remedial action objectives for the ground water contamination at this site included:

· Control migration of shallow ground water contaminants so as to reduce and/or eliminate the potential threat of contamination impacting deeper drinking water aquifers; and, 

· If technologically achievable, restore the shallow ground water to a potential future beneficial use.

The 1993 remedy selected ground water extraction wells and interceptor trenches as the remedial approach to accomplish the two objectives and remove both the dissolved plume and the NAPL.  

The subsequent Site investigation conducted between 1998 and 2000 significantly refined the size and character of the ground water plume at the Site.  Ground water contamination is actually confined to an area immediately beneath the former impoundments coinciding with the NAPL contamination surrounded by a narrow band of dissolved plume.  The  presence of  layered black carbonaceous matter in the aquifer which acts as a barrier and "filter" to downward migration of contaminants combined with ongoing in-situ biodegradation of the contaminants has apparently limited further growth of the dissolved plume. Ground water modeling has demonstrated that the plume has changed relatively little in size for the past 43 years and is predicted to remain static for the next 48 years.  In addition, the Cook Mountain formation consists of clays and silty clays ranging up to 160 feet in thickness acts as the lower confining layer for the Cockfield formation and also the upper confining layer for the underlying Sparta Sand aquifer, a regional drinking water aquifer. In effect, two objectives of the 1993 remedy have already been achieved for the dissolved plume by demonstrating that the dissolved plume is still within the Site boundary and no further reduction or plume control is necessary, and the underlying Sparta aquifer is protected from potential contamination by the relatively impermeable Cook Mountain formation.  

While the pump and treat remedy selected in the 1993 ROD would likely be successful in reducing a dissolved plume, the ultimate effectiveness in long-term reduction of the NAPL source was less certain.  The presence of a NAPL beneath the former impoundments is the key factor in evaluating the timeframe to achieve the Site remedial goals.  The NAPL is present as both a residual phase adsorbed onto the soil and aquifer material and as free-phase contamination within the matrices of the soil and aquifer.  The removal of NAPL through the use of ground water extraction wells and interceptor trenches is limited by the characteristics of the aquifer and the physical properties of the creosote and PCP present in the aquifer.  Creosote is a highly insoluble dense non-aqueous phase liquid (DNAPL) that tends to collect in "pools" within the soil matrix. Groundwater tends to flow around these "pools" because the oil is highly hydrophobic, and as a result only a small fraction of the total contained PAH mass is actually exposed to the groundwater.  The solubilities of the PAHs identified at the Site vary from relatively insoluble to 31 milligrams per liter (mg/L). The efficiency of any recovery system installed at the Site will be limited by the slow rate of desorption of the creosote and PCP from the soil and aquifer material.  As a result, large quantities of water must be pumped to remove even a small amount of the contaminants.  Unless both the free-phase (mobile) and residual NAPL are removed from the soil and aquifer material, a ground water extraction remedy will not be able to attain the remedial goals in a time frame that would be considered reasonable for the Site.

Alternative Cleanup Technologies
Steam enhanced extraction is an alternative cleanup technology for the DNAPL at this Site.  Steam enhanced extraction has been utilized at a limited number of sites with creosote and PCP contamination with the most notable being the Visalia Pole Yard Superfund Site in California.  The technology can reduce the residual soil saturation and enhance the mobility of the DNAPL for capture and removal by conventional ground water extraction wells.  

A potential limiting factor in applying steam enhanced extraction is the area extent of the of the residual and free-phase NAPL contamination and the characteristics of the soils and upper section of the shallow aquifer.  Contamination extends from the surface to approximately 30 feet in a series of clayey silts and sands before terminating in the upper sands of the Cockfield aquifer.  The widespread shallow contamination will require numerous injection and extraction points to address the lower permeability sediments as well as prevent downward migration of the mobilized NAPL to the lower Cockfield aquifer.

A second limiting factor in applying the technology to this Site is the high capital cost involved for the installation of the systems.  An accurate cost estimate is difficult because of the limited number of sites employing the steam extraction system.  Cost estimates from the Visalia site indicate a  unit cost of $57 per cubic yard of soil treated with an approximate total project cost of $21.5 million for an area of 1.75 acres.  Similar cost estimates of 4 - 6 million dollars per acre for system installations can be applied when estimating the total cost for a system installation. For this Site, the impoundments and surrounding area encompass approximately 4 acres with an estimated cost for enhanced steam extraction of 16 - 24 million dollars.  Since the Site is located within a former oilfield, and the Sparta aquifer is the local drinking water supply,  remediation of the shallow aquifer is cost prohibitive. The cost for an alternative cleanup technology such as steam enhanced extraction is impracticable given the limited future beneficial use.

COST ESTIMATE


The total cost for the 1993 ROD remedy for the ground water cleanup is $7.5 million with an estimated capital cost of $2.1 million and annual operation and maintenance costs of $180,000 for 30 years.  The remedial alternative of monitoring the ground water and implementing institutional controls reduces the cost to less than $300,000 for 30 years.

SUMMARY


The EPA has determined that a TI waiver is appropriate for this Site because the ground water extraction system will not be able to effectively address both the residual and free-phase NAPL present in the soils and upper aquifer.  Data from remedy performance is not always necessary to justify an ARAR waiver due to technical impracticability (Presumptive Response Strategy and Ex-Situ Treatment Technologies for Contaminated Ground Water at CERCLA Sites, OSWER Directive 9283.1-12).  Under the conditions identified at the Site, ground water restoration of the remaining NAPL in the aquifer is technically impracticable. Recognizing the inherent limitations of a pump and treat system in this setting, the 1993 ROD built in certain contingencies for the operating system in the event that contaminant levels cease to decline.  These contingencies include low-level pumping to maintain gradient control of the plume, the implementation of a TI waiver for certain portions of the aquifer, and/or the use of institutional controls to restrict access.  Based on the available Site data, the contaminant concentrations have already achieved static levels indicating steady-state conditions between the NAPL and the surrounding dissolved phase plume.  These conditions are further demonstrated by the lack of plume growth with little or no predicted changes based on modeling of the site conditions.  Implementation of a pump and treat system for the recovery of NAPL or dissolved phase contamination would have a limited impact in achieving the Site remedial goals and objectives.  Furthermore, limited pumping of the aquifer is unnecessary to maintain gradient control since the dissolved plume has demonstrated little or no migration from the source area due to physical adsorption and biodegradation within the aquifer.  The long-term management solutions for the ground water contamination includes the use of institutional controls to prevent exposure and the use of a TI waiver for the previously established remedial goals (chemical-specific ARARs).
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