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ABSTRACT 

 This thesis demonstrates how to integrate environmentally sensitive remediation 

technologies with sustainable design solutions to create a master plan for a petroleum 

contaminated site near Levelland Texas. Located approximately 30 miles west of 

Lubbock, Texas, the site is currently listed on the National Priorities List (NPL), which 

is a comprehensive list of some of the nation’s most hazardous waste sites. The site was 

contaminated by the former Motor Fuels Corporation (MFC) refinery. During its 

operation (1939-1954), the refinery used a nearby playa lake as a disposal area for 

refining wastes that contaminated local soils and created a groundwater plume that 

contaminated nearby wells. In 2009, the Environmental Protection Agency (EPA) 

exercised efforts to remove contaminants from the groundwater plume but did not take 

any action to remove pollutants from the soil on site.  

 Investigations of established and innovative remediation methods are presented 

to distinguish appropriate methods for the site of the former MFC refinery. 

Phytoremediation, which is the use of plants to degrade contaminants, is an 

environmentally friendly and cost-effective alternative to traditional methods. The 

master plan of the site integrates a treatment train system (i.e. landfarming, 

bioremediation and phytoremediation) with a context-sensitive design in order to 

remediate the contaminated site while educating the public about remediation 

technologies and its role in ecological restoration. The design for re-development aims 

to increase the local economy and attract a variety of visitors, businesses, and 

institutions by providing public transit and opportunities for recreation, commerce and 

entertainment. 
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CHAPTER I 

INTRODUCTION 

 As civilization storms forward with its reliance on oil, often, the environment 

suffers the consequences. Petroleum hydrocarbons are some of the most universally 

detected organic pollutants in the environment due to high usage of petroleum products 

worldwide (Collins 2007, 99). Countless contaminated sites exist across the United 

States as a result of the processes involved in the extraction and production of 

petroleum. Major causes of contamination include land disposal of toxic wastes and 

leaking storage tanks or pipelines (White et al. 2006, 207). Due to possible migration of 

contamination (i.e. volatile organic compounds (VOCs)) into the groundwater 

(Hazardous Substances Research Centers n.d., 1-2), bioaccumulation in the food chain 

or direct exposure to hazardous wastes, many sites across America pose serious threats 

to the health, safety and welfare of the local environment and community.   

 Innovative solutions to environmental issues, such as oil contamination, can be 

found within the realm of Landscape Architecture. The profession of Landscape 

Architecture embodies the ideals of environmental stewardship and exists to protect 

natural, constructed and human resources. Through the application of creative and 

technical skills, coupled with scientific knowledge, Landscape Architects are capable of 

creating a site design that functions to remediate and rehabilitate polluted sites; thereby 

improving quality of life, protecting the local community by preventing contamination 

migration, restoring habitats, creating opportunities for redevelopment and protecting 

open space.  

 The site of the former Motor Fuels Corporation (MFC) refinery near Levelland, 

Texas, a rural town located approximately 30 miles west of Lubbock, Texas, is a prime 

example of an area that has suffered petroleum contamination as a result of improper 

handling of hazardous wastes. In 2008, The Texas Commission of Environmental 

Quality (TCEQ), formerly known as the Texas Natural Resource Conservation 

Commission (TNRCC)), partnered with the Environmental Protection Agency (EPA) 
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and published a proposed plan document which details the site contamination and 

history (Texas Commission on Environmental Quality (TCEQ) 2008, 2). The refinery 

processed and refined crude oil for approximately 15 years from 1939 to 1954 (2). A 

playa lake located west of the refinery operations was used as a disposal area for 

refining wastes (2). The TCEQ surmised that wastes may have included                        

off-specification batches of fuel, waste oil, brine water and other unidentified liquids    

(2-3). Between the playa and the former refinery operations, there are five tar pits and a 

large excavated area that received both waste from the refinery operations as well as 

runoff from the adjacent refinery (3). The playa lake, tar pits and excavated area are all 

that remain of the former refinery (3). 

 Functioning as a groundwater recharge point, the contaminants percolated 

through the playa and contaminated the Ogallala aquifer beneath the site with VOCs and 

metals (3). The groundwater plume, which is 1.5 miles long, contaminated 17 privately 

owned wells (3). The saturated zone of the Ogallala aquifer in the vicinity of the plume 

is approximately 150 feet below the ground surface and varies in thickness from 40 to 

90 feet (5). Residual soil contamination also caused the death of plant and animal life on 

site (4). In 1997, an expanded site inspection report by the TCEQ documented the 

presence of metal, organic (petroleum hydrocarbons) and low-level pesticide wastes in 

the soil (Texas Natural Resource Conservation Commission 1997, 4). 

 The site was included on the EPA’s National Priorities List of Superfund sites in 

1999 (3). The EPA defines the National Priorities List (NPL) as a “list of uncontrolled 

or abandoned hazardous waste sites throughout the United States and its 

territories” (U.S. Environmental Protection Agency 2013b). The Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA) of 1980 

established a fund to provide monies for cleanup efforts when no responsible party 

could be identified and to institute prohibitions and requirements concerning closed and 

abandoned waste sites (U.S. EPA. updated 2011). The fund created by CERCLA is 

referred to as the “Superfund” (U.S. Environmental Protection Agency (EPA) 2011).  

EPA Region 6 completed a remedial design of the site in 2009, that included extraction 
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wells, injection wells and a water treatment facility to reduce the groundwater plume 

(U.S. EPA. Region 6 2013, 1). While extensive and essential measures were taken to 

remediate the groundwater plume, the EPA’s inadequate solution for soil remediation 

included excavation and on-site burial of contaminated soils and spent catalyst material 

(7). This approach “buries” the issue without providing an ultimate solution. It does not 

address complete elimination of the contaminants, nor does it restore the local habitat. 

 The necessity for remediation of the former MFC refinery is apparent but the 

appropriate approach is not as clear. Some traditional methods of remediation are not 

environmentally friendly and can be costly. While still under scientific study and 

economic research, some innovative technologies hold promise as sustainable, cost-

effective solutions toward the goal of complete remediation of contaminated sites. 

Depending upon the site's conditions and context, full-scale applications of innovative 

remediation technologies are valuable, in order to prevent pollutants from migrating and 

to gain knowledge and improve effectiveness of the selected technology. This thesis will 

determine what remediation method(s) are environmentally conscious, efficient, 

economic and appropriate for the site of the former MFC refinery. It will also 

demonstrate how Landscape Architecture assists in the restoration and redevelopment of 

a contaminated site through creating a design solution which educates the community 

about remediation approaches and restores the local habitat.  
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CHAPTER II 

GOALS, OBJECTIVES AND SCOPE 

 Project goals are a set of broad principles that help guide decision making 

throughout the design process. Objectives define strategies or implementation steps to 

attain the identified goals. Objectives are specific, measurable, attainable, and relevant. 

The scope includes preliminary program elements such as site activities and land use. 

 One of the goals for the site of the former MFC refinery is remediation of the 

soil contamination, employing a sustainable, cost-effective and efficient remediation 

approach or combination of approaches. Objectives to accomplish this goal include 

creating criteria for selecting appropriate remediation methods, such as cost, 

applicability to the site, contaminants of concern and concentrations, climate conditions, 

effectiveness based on previous scientific studies, and effects on the local ecology. In 

order to determine if a remediation approach is applicable to the former MFC refinery 

site, a detailed inventory of the site’s physical attributes, such as soil type, climate, 

hydrology, existing soil contamination concentration etc., must be conducted. 

 Another major goal at the site of the former MFC refinery is redevelopment. The 

benefits of re-using the site include improvement in quality of life and protection of the 

safety and welfare of the local community and environment. Redeveloping 

contaminated sites preserves greenspace and increases the local economy. The goal for 

redevelopment it to create a contextually-sensitive, sustainable site design that protects 

and conserves natural and human resources while providing recreational, social and 

educational amenities for the public. Objectives to accomplish the goal of 

redevelopment can be found within the design process, which includes: (1) an inventory 

of the site’s physical, biological and cultural attributes; (2) an analysis of the site’s 

attributes in relation to the proposed program, in order to identify the strengths, 

weaknesses, opportunities and constraints; (3) revision of the program, accordingly, to 

promote a context-sensitive design; (4) conceptualization of the design of the site in 

order to produce organized spatial arrangements and a sense of place; (5) preparation of 
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a master plan with a focus on the principles of sustainable design (e.g. minimizing water 

use, protecting ecological infrastructure, minimizing total energy use, maximizing use of 

renewable energy, and reducing, reusing and recycling materials and waste). The vision 

for this project is to create a transformed site, which reflects a renewed sense of purpose 

and vitality through the re-development and restoration of the human and environmental 

habitat.   

 The preliminary program elements presented in this section support and enhance 

the goals for the site. Some elements may be added, modified or eliminated once an 

inventory and analysis of the site’s attributes are conducted. The scope of project 

includes: (1) open space for on-site remediation of contaminated soil, recreational 

activities and wildlife habitat; (2) an educational extension center (South Plains College, 

Texas Tech University, etc.) which may include classroom space, a computer laboratory 

and/or scientific laboratory as well as a greenhouse for additional experimentation with 

remediation technologies; (3) a visitor center; (4) an observation tower; (5) on-site 

renewable energy source(s) (solar, wind, etc.); (6) parking; (7) vehicular and pedestrian 

access to facilities. 

 It is important that remediation technologies used to restore the site adhere to the 

criteria developed for selecting the appropriate approach or approaches. Research must 

be conducted to develop an understanding of the established and innovative 

technologies available today. Each remediation approach must be evaluated in relation 

to its ability to be cost-effective, environmentally friendly and efficient. Subsequent to 

the selection of suitable remediation approaches, it is also valuable to present case 

studies which exhibited successful results using the selected approaches. Research of 

innovative remediation methods and case studies employing these methods are 

presented in the following chapter. 
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CHAPTER III 

RESEARCH AND CASE STUDIES 

 The following section summarizes research of innovative remediation 

technologies, such as phytoremediation and bioremediation, and the benefits of each 

method. Case studies which successfully employed these remediation methods are also 

presented. 

Summary of Research 

 Remediation technologies will differ from site to site, depending upon the 

specific conditions of the site and previous land uses. Researchers Lesley Batty and 

Mark Anslow of the School of Geography, Earth and Environmental Science in 

Birmingham, UK, state that soil remediation of a contaminated site, traditionally 

consisted of land extraction and disposal in a landfill (Batty and Anslow 2008, 237). 

This simply relocates the contaminated soil from one area to another, disregarding any 

actual treatment to reduce toxicity on site (237). Alternatives have been developed that 

involve the application of chemical (soil washing, soil leaching), biological 

(bioleaching, biosorption) and physical (thermal desorption, solidification) processes 

(237). Batty and Anslow conclude that the main problem with many of these 

technologies is that they require the removal of soil material offsite which causes 

environmental disruption and adds significantly to the total remediation costs (237). In 

addition, they are often only suitable for individual pollutants and cannot be applied to 

sites with a mixture of pollutants (237). It is common for contaminated sites to have 

been exposed to various industrial processes and uses, which can create a mixture of 

pollutants. These alternative technologies may be effective but not necessarily 

environmentally friendly or less costly when compared to other, more innovative 

technologies.  

 In contrast, in-situ, or on-site, technologies deal with the contamination at the 

point of origin, which reduces landfill wastes and minimizes the impact on the 

environment (International City/County Management Association 2000, V-3). Certain 
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enhancements are available to increase the effectiveness and efficiency of in-situ 

remediation technologies. For example, an enhancement may include the addition of 

fertilizers or oxygen to increase the efficiency of bioremediation. One or more 

enhancements or remediation technologies may be used in combination to form what is 

called a “treatment train” (V-3). Two in-situ technologies that have proven to be both 

cost-effective and ecologically sound are phytoremediation and bioremediation (Kathi 

and Khan 2011, 57; Interstate Technology and Regulatory Cooperation (ITRC) 2001, 

28; International City/County Management Association (ICMA) 2000, V-3; U.S. EPA 

OSWER 2001a, 2).   

Phytoremediation 

 Phytoremediation is a pioneering remediation approach that involves the use of 

plants to degrade, absorb or stabilize contaminants (Kathi and Khan 2011, 57). It is a 

cost-effective, ecologically compatible tool for the environmental clean-up of a wide 

array of organic and inorganic contaminants such as petroleum hydrocarbons, 

chlorinated solvents, pesticides and metals (57). Estimates show that phytotechnologies 

are at least 40% less costly than other in-situ remedial approaches, such as soil washing, 

thermal treatment, electrokinetics, chemical stabilization, air sparging, soil vapor 

extraction, biostimulation and solvent extraction (Interstate Technology and Regulatory 

Cooperation (ITRC) 2001, 28). For off-site, or ex-situ, technologies, phytoremediation 

is estimated to be 90% less costly compared to alternatives such as dig and haul, 

incineration and pump-and-treat technologies, including carbon adsorption, air stripping, 

advance oxidation, reverse osmosis, filtration, bioreaction, and so forth (28). Table 3.1, 

p. 8 shows a price comparison for different types of remediation.  

 Since phytoremediation is driven by solar energy processes, it provides 

additional advantages such as low maintenance and low energy use (ITRC 2001, 28). 

Phytotechnologies also decrease air and water emissions as well as secondary wastes 

(28). Other benefits of phytoremediation include management of soil erosion, surface 

water runoff, infiltration and dust control (28). Phytoremediation restores habitats and 

provides land reclamation upon completion. It is aesthetically pleasing and favorable to 
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the local community, since heavy machinery is not necessary (28). Phytoremediation 

also has the ability to minimize or prevent groundwater and plume migration (16). For 

more information about how phytoremediation works to degrade, contain or immobilize 

organic (petroleum hydrocarbons) and inorganic (metal) contaminants refer to Appendix 

B, p. 120-133. 

Bioremediation 

 Bioremediation is the use of microorganisms to degrade or immobilize 

contaminants in the absence of plants (U.S. Environmental Protection Agency (EPA) 

Office of Solid Waste and Emergency Response (OSWER) 2001b, 1). The 

microorganisms digest harmful chemicals and convert them into water and harmless 

gases (carbon dioxide) (1). Enhanced bioremediation involves the stimulation of 

existing biodegradation mechanisms through the addition of microbes, nutrients, 

electron donors, and/or electron acceptors (1). Bioremediation is used to treat a number 

of contaminants including petroleum hydrocarbons, VOCs, solvents, pesticides and 

explosives (11). For more information on bioremediation and its ability to degrade 

Type of Treatment Range of Costs $/Ton 

Phytoremediation $10-35 

In-Situ Bioremediation $50-150 

Soil Venting $20-220 

Indirect Thermal $120-300 

Soil Washing $80-200 

Solidifcation/Stabilization $240-340 

Solvent Extraction $360-440 

Incineration $200-1,500 

Table 3.1. Cost advantage of phytoremediation (enhanced rhizosphere bioremediation) of soils 

compared to other techniques  

Source: Data from Interstate Technology and Regulatory Cooperation 2001 , table C-3, p. C-2. 



Texas Tech University, Kylee Cumby, December 2013 

9 

petroleum hydrocarbons, refer to Appendix B, p. 125. 

 Bioremediation, like phytoremediation, is a cost-effective and ecologically 

compatible remediation method (U.S. EPA OSWER 2001a, 1). The process can be 

accomplished in-situ, eliminating the hazard of off-site contamination and causing 

minimal site disruption (2). Another advantage of bioremediation is that little to no 

waste is created from the process (2). While microorganisms help to clean up polluted 

soils, they can also work to remove contaminates from the groundwater (1). Extraction 

wells pump the polluted groundwater to the surface into above ground tanks, where 

nutrients and oxygen can be added to the water (1). This same process can be conducted 

underground by injecting nutrients and oxygen directly into wells (1). 

Case Studies 

 Current research reveals phytoremediation and bioremediation as two promising 

remediation methods that are both ecologically friendly and cost-effective. Case studies 

must be identified and analyzed, in order to better understand how each remediation 

method performs under different conditions and how applicable they are to the site of 

the former MFC refinery. Field studies, experiments and designs for sites that presented 

a similar issue or were similar in context to the site in Levelland are discussed in this 

section.  

RTDF Site J in El Dorado, Arkansas 

 The Remediation Technologies and Development Forum (RTDF) is a 

partnership of the EPA to develop and improve remediation technologies (Kulakow and 

Erickson 2001, 283). The RTDF developed a field study protocol of the 

phytoremediation of petroleum hydrocarbons with specific treatments. The treatments 

were applied to 11 sites during a field trial (283).These treatments included a 

combination of cool and warm season grasses with a standard mixture of rye, legume 

and fescue (284). Plants that are known to be adapted to the local environment were 

chosen (284). 

 Site J in El Dorado, Arkansas was chosen as a case study because of its 
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similarity to the Superfund site in Levelland, Texas. Site J was formerly an oil storage 

and separation facility located four to six miles north of El Dorado, AR (Kulakow 

2006). The source of pollution was a crude oil spill that occurred in 1997 (Kulakow). 

While the contamination at the site of the former MFC refinery occurred over 50 years 

ago, the type of contaminants present in the soil matrix are similar at both sites. 

Although they have had less time to age, the contaminants treated at Site J include total 

petroleum hydrocarbons (TPHs) and polycyclic aromatic hydrocarbons (PAHs) 

(Kulakow).  

 The phytoremediation of Site J in El Dorado, AR employed two 

phytotechnology mechanisms; (1) phytostabilization and (2) rhizodegradation 

(Kulakow). Plants chosen specifically for site J include ryegrass (Lolium multiflorum 

L.), legumes (Fabaceae), fescue (Festuca arundinacea Schreb.) and bermuda grass 

(Cynodon dactylon (L.) Pers.) (Kulakow). The first treatment consisted of fescue and 

ryegrass while the second treatment was comprised of bermuda grass and fescue 

(Kulakow).  Both treatments included the addition of fertilizer (Kulakow). The third 

treatment included fertilization of un-vegetated and vegetated plots with inorganic 

fertilizer and dolmitic lime at 3,952 kg/acre and 3,582 kg/acre, respectively (Kulakow).  

Species known to phytoremediate petroleum hydrocarbons can be found in Appendix B, 

table B.1, p. 126-127. 

 The results of these treatments showed that, 3 years after the oil spill, 

concentrations of TPHs and PAHs declined (Kulakow). One sampling method showed 

that concentrations in the vegetated treatments were found to be significantly lower than 

the un-vegetated treatment (Kulakow). Greater decreases in PAH concentrations were 

observed for PAHs with fewer rings and less alkylation (Kulakow). PAHs are molecules 

which consist of three or more fused aromatic rings in various structural configurations 

(Kanaly and Harayama 2000, 2059). PAHs with more than three rings are referred to as 

high-molecular-weight PAHs (2059). In general, high-molecular-weight PAHs are less 

susceptible to biodegradation and are hydrophobic (i.e. do not dissolve well in water) 

(2059). For more information about PAHs and their effect on human health refer to 
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Appendix A, p. 117. Researchers were able to conclude that the large decline in 

hydrocarbon concentration showed the petroleum source had residual degradability, and 

phytoremediation with fertilization appeared to be an effective treatment method 

(Kulakow). 

 While the Motor Fuels refinery site and site J in Arkansas differ in location, 

much can be learned from the successful implementation of phytoremediation. Many of 

the grasses successfully planted at Site J may also be used at the former MFC refinery 

site. Historically, the refinery site consisted of prairie grasses; mostly blue grama 

(Bouteloua gracilis) and buffalo grass (Buchloe dactyloides) (Diamond n.d.). Other 

grasses common to the area include sand dropseed (Sporobolus cryptandrus), little 

bluestem (Schizachyrium scoparium), plains bristle grass (Setaria leucopila), cane 

bluestem (Bothriochloa barbinodis), and short grasses along with scattered mesquite 

(Prospis spp.) and sand sage (Artemisia filifolia Torr.) (USDA and NRCS 2009; 

Diamond n.d.). Once established, the plant selection of grasses and legumes will easily 

grow in the context of the southern High Plains. 

Bioremediation Park Design by McGregor & Partners 

 The former British Petroleum (BP) Park in Sydney Australia demonstrates the 

successful use of in-situ remediation methods and “green” site design. The primary 

goals of the site included, both, soil remediation and repurposing of industrial 

infrastructure for ongoing site operations (Liat and Robinson 2007, 102). Located in 

Waverton Peninsula North Sydney, the 6.2 acre former BP storage depot held 31 oil 

tanks and additional facilities. The oil tanks sat on concrete platforms in spaces carved 

from the sandstone bedrock (102). The tanks were eventually removed but contaminated 

soil remained (102). Figure 3.1 p. 12, shows the space where the BP drums were 

previously located. 

 BP Australia was required to clean the soil before construction of the park (102).  

Rather than using traditional methods of remediation, i.e. “the dig and dump” approach, 

BP utilized in-situ enhanced bioremediation techniques to decontaminate the topsoil 

(102). The topsoil was removed, stockpiled on site, and mixed with organic compost 
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and Effective Microorganisms (EM) (102). EM is a liquid soil-enhancer product from 

Japan (102). The process of remediation included turning of the soil every three months 

and after nine months of repeated testing, the soil was re-used across the site as a 

planting medium (102). 

 McGregor and Partners planted approximately 95,000 seedlings to restore 

natural sandstone woodlands (102). Native seed stock was collected from nearby 

bushland reserves, propagated and used as plant stock (102). McGregor and Partners’ 

design involved repurposing the site’s industrial structures, which created natural 

landscape conditions and contained any remaining contamination (102). The site’s 

abandoned stormwater infrastructure was retrofitted to redirect stormwater into frog 

habitat ponds (102). The ponds detain and treat the site’s stormwater while preventing 

any remaining on-site contamination from entering Sydney harbor (102). Another aspect 

of McGregor and Partners’ design are steel platforms that weave through the site and 

cantilever over the sandstone cliffs, allowing for uninterrupted views of the restored 

landscape (102). Figure 3.2, p. 13 shows the final plan of Bioremediation Park while 

figure 3.3, p. 14 & figure 3.4, p. 15 show before and after aerial images of the site. 

 While the former BP Park is thousands of miles away from the former MFC 

Figure 3.1. Wetlands encircle the former BP drum location.  

Source: Liat and Robinson 2007, 102.  
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refinery, there is a strong connection between the objectives of both designs. The former 

BP Park addresses the issue of contamination with an ecologically compatible and 

economical remediation method. Following the remediation process, McGregor and 

Partners developed a functional and aesthetically pleasing site design. Issues of 

stormwater management and prevention of contaminant migration were successfully 

addressed. Ultimately, the goals for the former MFC refinery site are the same, which is 

to remediate the contamination with an inexpensive yet environmentally friendly 

remediation method and to apply a design that is both practical and sustainable.   

Figure 3.2. Plan of Bioremediation Park 

Source: Liat and Robinson 2007, 102.  
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Figure 3.3. Aerial photograph of existing conditions after removal of drums.  

Source: Liat and Robinson 2007, 102.  
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Figure 3.4. Aerial photo of constructed park.  

Source: Liat and Robinson 2007, 102.  
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“Treatment Train” Remediation Method in Ontario, Canada  

 While Site J in Arkansas and the former BP Park in Sydney employed two 

different remediation approaches, researchers at the Department of Biology at the 

University of Waterloo in Ontario, Canada identified a system or “treatment train” that 

utilizes both methods in a specific sequence to effectively eliminate petroleum 

hydrocarbon contamination. This is the main contaminant group of concern at the MFC 

refinery site. In particular, the polycyclic aromatic hydrocarbons (PAHs) present at the 

MFC refinery site are a very persistent group of contaminants and when used 

independently, phytoremediation and bioremediation are limited in their ability to 

degrade PAHs (Huang et al. 2004, 465-466).    

 Currently, techniques used to remediate soils contaminated with PAHs, such as 

chemical washing and the use of bioreactors, are expensive and environmentally 

damaging (465). In the place of these remediation methods, in-situ bioremediation has 

been attempted but certain limitations prevent it from being a realistic approach.       

Xiao-Dong Huang and his researchers at the Department of Biology at the University of 

Waterloo report that it is often difficult to generate enough biomass in natural soils to 

achieve an acceptable rate of movement of resistant PAHs to the micro-organisms 

where they can be degraded (465). Since PAHs are very stable compounds, the initial 

oxidation of the compound can also be difficult (466). Additionally, few micro-

organisms can use high molecular weight PAHs as a sole carbon source. Therefore, 

bioremediation alone is too slow to be considered as a practical choice for remediation 

of PAH contaminated soils (466).  

 For remediation to be effective, the overall rate of PAH removal and degradation 

must be accelerated (466). One way to facilitate this is by increasing the amount of 

biomass in the contaminated soil. Phytoremediation has gained much attention since it is 

an effective solution to increasing biomass (466). While phytoremediation has many 

advantages, there are some limitations regarding large-scale application. One serious 

limitation is that many plant species are sensitive to contaminants including PAHs, 

which is referred to as phytotoxicity (466). Therefore, plants grow slowly and it is 
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difficult to establish sufficient biomass for meaningful soil remediation. Researcher 

Chris Collins explains that most studies show total petroleum hydrocarbon 

concentrations of 5,000 parts per million (ppm) affecting germination in most species, 

and 25,000 ppm affecting nearly all species (Collins 2007, 104). However, some species 

can tolerate concentrations of up to 50,000 ppm (104). Collins, recommends planting 

tolerant species at 30,000 ppm (3%) (104). If the contamination has been subject to 

aging, the tolerable contamination levels may be higher because of the loss of 

phytotoxic elements in the soil (104).    

 Another difficulty in establishing plant growth and efficient contaminant 

degradation, is the low numbers of microorganisms inherent in most contaminated soils 

(Huang et al. 2004, 466). In order to solve the issue of phytotoxicity and low 

microorganism counts in contaminated soils, it may be possible to facilitate 

phytoremediation through the use of soil bacteria (466). By applying plant growth 

promoting rhizobacteria (PGPR) and specific contaminant degrading bacteria, 

successful applications of phytoremediation are possible (466). As mentioned, one 

problem of degrading intact PAHs is that the initial oxidation step is difficult for many 

biological organisms. A solution to this problem is through the addition of landfarming 

before phytoremediation since PAH’s can be readily photooxidized by sunlight (466). 

Landfarming is an above-ground remediation technology for soils that reduces 

concentrations of petroleum hydrocarbons through biodegradation (U.S. Environmental 

Agency (EPA) Office of Solid Waste and Environmental (OSWER) and Office of 

Underground Storage Tanks (OUST) 1994a, V-1). This technology usually involves 

spreading the excavated contaminated soil in a thin layer on the ground surface and 

stimulating microbial activity through aeration and/or the addition of minerals, nutrients 

and moisture (V-1).  

 The results of the treatment train study showed that after 120 days all 16 priority 

PAHs were measurably depleted from the soil (469). In particular, the larger, more soil 

bound PAHs (more than five rings) were remediated as well (469). The average of 

extent removal for the 16 priority PAHs was 78% and the total hydrocarbons removed 
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by the remediation system were 95%  (469). The results demonstrate that the average 

efficiency of removal of 16 priority PAHs by the multi-process system was twice that of 

landfarming, 50% more than bioremediation alone and 45% more than 

phytoremediation by itself (465). 

 This multi-process system provides a promising solution for the remediation of 

the MFC refinery site. In order to evaluate the potential of this system’s success at the 

former MFC refinery site, a detailed inventory of the site’s physical and cultural 

attributes must be conducted. These attributes, such as climate, soils, local hydrology, 

contamination concentrations, and so forth, impact the effectiveness of bioremediation 

and phytoremediation. Careful inventory and analysis of site-specific features not only 

aids in understanding how the selected remediation system will perform, but also guides 

decision-making during the design process.  
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CHAPTER IV 

INVENTORY 

 Context-sensitive site design requires an understanding of relevant site and 

contextual attributes. The site inventory is an essential step in understanding the 

character of the site and the physical, biological, and cultural linkages between the site 

and surrounding landscape. Restoration of the site requires an inventory of conditions of 

contamination, local hydrology, soils, climate, topography as well as the site’s history 

and present uses. A detailed inventory of the site’s physical, biological and cultural 

attributes are covered in this section.   

Site Background and Context  

 The Motor Fuels Corporation (MFC) refinery (also known as Consumers 

Cooperative Refinery Association) was a former petroleum products refinery located 

approximately 1 mile west of the city limits of Levelland, Hockley County, Texas (see 

fig. 4.1, p. 20). The former refinery property consisted of approximately 64 acres and is 

bordered to the north by State Highway 114, to the west by undeveloped land, to the 

east by the Farmers Co-Op Elevator Association and along the southern boundary by the 

Burlington Northern Santa Fe (BNSF) railway, formerly known as Atchison Topeka and 

Santa Fe (AT & SF) (Texas Commission on Environmental Quality (TCEQ) 2008, 2). 

Refinery construction began in March 1939 for a 5,500 barrel per day production 

capacity of gasoline, tractor fuels, diesel, distillate products and fuel oils (2). The 

refinery processed and refined crude oil for approximately 15 years from 1939 to 1954 

(2). Initially, the refinery was operated by the Motor Fuels Corporation (MFC) (2). 

However, MFC was dissolved in 1945 and the business was transferred to Consumers 

Cooperative Refinery Association (CCRA) (2). CCRA continued operations at the site 

until approximately 1954 (2). The main refining facilities and tank storage area were 

dismantled or demolished after 1954 (2).  
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 The property was divided into various parcels of land and sold off in 1958 (2).  

The Farmer’s Co-Op Elevator Association was constructed prior to 1987 in the central 

and eastern portion of the site and consists of 35.5 acres (2). There are several oil related 

service facilities that currently operate along State Highway 114 (2). A more detailed 

image of the site is shown in figure 4.2, p. 21.  

Physical Attributes 

 An in-depth understanding of the site’s physical attributes is essential to the 

design process and can have a broad impact on how a site is developed. Results of the 

final design are defended and represented by knowledge acquired during the site 

inventory and analysis. Inventory of the site’s physical attributes such as soil and 

groundwater contamination, current remediation systems, regional geology, hydrology, 

Figure 4.1. Proposed site in context with Levelland , TX.  

Source: Image adapted from GoogleEarth, April 2013. 
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soils, natural plant communities and climate are covered in this section. Data sources are 

represented in the form of maps, images, and narratives. 

TCEQ Expanded Site Inspection Report 

 Prior to site’s inclusion as a Superfund site in 1999, the TCEQ (formerly 

TNRCC) conducted several inspections of the former MFC site (TNRCC 1997, 1). To 

evaluate the potential for a release of hazardous substances from the site, the EPA 

conducted a preliminary assessment (PA) and a screening site inspection (SSI) (1). The 

SSI was conducted October 23-25, 1995 (1). The EPA then requested TCEQ to perform 

an expanded site inspection (ESI) of the MFC site, which was conducted March 10-12, 

1997 (1). The ESI was meant to build upon existing environmental data and prior 

Figure 4.2. Site boundary in red; limits of former MFC refinery in yellow. 

Source: Image adapted from GoogleEarth, November 14, 2011. 
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 sampling results collected during the PA and SSI by the collection of additional samples 

to further characterize the conditions of the site (1). 

 In order to identify the waste characteristics at the MFC site, the TCEQ reviewed 

both federal and state records and collected environmental samples (4). The ESI located 

specific areas of interest where hazardous wastes had been either disposed of, stored or 

spilled (4). These areas include:  

1. A 900’ x 900’ playa basin (disposal lake) located in the northwest portion of the 

site that received refining wastes from 1939 to 1954 and contained documented 

metal, organic and pesticide wastes (4).  

2. Five tarry hydrocarbon-like sludge pits (numbered Pits #1 - #5 as shown in fig. 

4.3, p. 23) located east and south of the playa basin that contained documented 

metal, organic, and pesticide wastes (4). 

3. Two elongated excavated areas (4). The larger excavation area is located 

between sludge Pits #1 - #3 and the playa basin and contained several exposed 

underground pipelines (4). The second area is located east of sludge Pit #3. Both 

excavated areas contained documented metal, organic and pesticide wastes (4). 

Refer to figure 4.3, p. 23 for a sketch detailing the contaminated areas on site. 

Figure 4.4, p. 24 shows an aerial image of the site in 1954. Although low quality, 

some of the pits and the larger excavated area can be distinguished in this image.   

 Groundwater contamination. The contamination in the playa basin area was 

suspected long before any federal action was taken to begin remediation of the site (4). 

As referenced in the TCEQ ESI report, groundwater contamination from refining wastes 

dumped into the site’s playa basin was first investigated and documented in a June 1957 

master’s thesis paper on suspected underground pollution from oil well wastes (4). 

Confirmation was obtained from a drinking well water sample collected 33 years later 

by the Texas Department of Health (TDH), which revealed elevated levels of benzene 

(77 µg/L or 77 micrograms per liter), 1,2-dichloroethane (11 µg/L), and unidentified 

hydrocarbons (C3-C8) in a well located approximately 1,000 feet down gradient from 
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Figure 4.3. Reproduction of MFC site sketch  

Source: Adapted from Texas Natural Resource Conservation Commission 1997, figure 1, 5. 
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the playa basin (4). The well is currently used by the Farmers Co-Op facility (4). Due to 

subsequent Texas Water Commission (TWC) District 2 Office sampling results, this 

well has been designated for restricted commercial uses only (i.e. not for human 

consumption) (4). The water samples revealed elevated benzene (500 µg/L), 1,2-

dichlorethane (21 µg/L) and unidentified hydrocarbons (9 peaks/total 61 µg/L) (4).  The 

benzene level was noted well above the Safe Drinking Water Act specified Maximum 

Contaminant Level (MCL) of 5.0 µg/L (4).  

 The EPA and the International Agency for Research on Cancer (IARC) have 

determined that benzene, a compound of BTEX (benzene, toluene, ethylbenzene, and 

xylene), is carcinogenic to humans (Centers for Disease Control and Prevention n.d., 

under “Facts about benzene”). Long-term exposure (e.g. a year or more) of benzene 

Figure 4.4. Aerial image of the site on February 28th, 1954. Proposed site boundary in red; 

former MFC refinery limits in yellow. 

Source: Adapted from USGS Earthexplorer 1954. 
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 causes harmful effects on bone marrow and decreases red blood cells, leading to anemia 

(n.d.). The Agency for Toxic Substances and Disease Registry reports that ingesting 

water contaminated with high levels of 1,2-dichloroethane can cause damage to the 

nervous system, liver, kidneys and may cause cancer (Agency for Toxic Substances and 

Disease Registry [ATSDR] 2001, 1). 

 The results of the 1990 water sample collected by TDH were replicated during 

the October 23-25, 1995 SSI, which revealed elevated benzene (589 µg/l), 1,2-

dichlorethane (33.4 µg/l), ethyl benzene (21.3 µg/l) and phenol (8.8 µ.g/l) contamination 

(4). The sample results collected up until the ESI report of 1997 indicated increasing 

contamination in down gradient wells (4). As stated previously, the groundwater 

contaminant plume is approximately 1.5 miles long and 1 mile wide; migrating west to 

east (U.S. EPA Region 6 2013, 1). In 1999, the TCEQ and EPA partnered to address the 

contamination of 17 privately owned wells (TCEQ 2008, 4). The EPA installed water 

treatment units for the wells, while the TCEQ operated and maintained the units (4). 

Since 1999, the TCEQ installed 14 additional filtration systems in response to continued 

contaminant migration (4). Businesses and residences in the plume area were dependent 

on these private wells for drinking water until the completion of a water line extension 

from the City of Levelland in July of 2013 (2). Refer to figures 4.5 and 4.6, p. 26 and 

figures 4.7 and 4.8, p. 27, for detailed images of the contaminant plume over time. Refer 

to figure 4.9, p. 28 for detailed sections of the contaminant plume as of July 2013. 

 Playa basin soil contamination. The documented soil contamination at the 

playa basin area includes results from a TWC District 2 Office April 17, 1991 sampling 

inspection and three sample results submitted on November 11, 1992 by Biophram 

Resources, which were collected from the northern portion of the playa basin at varying 

depths (TNRCC 1997,4). The District 2 Office sampling results revealed organic 

hydrocarbons (unidentified semi-volatiles totaling 7 mg/kg), while the Biophram 

Resources results revealed: (1) significantly elevated unidentified hydrocarbons at 

varying depths (total recoverable petroleum hydrocarbons 342,454 mg/kg at 18” to 44” 

deep, 14,225 mg/kg at 44” to 48” deep and 2,316 mg/kg at 48”to 72” deep), (2) toluene 
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Figure 4.6. Distribution of 1,2-dichloroethane exceeding the drinking water standard in the 

shallow and intermediate zone of the Ogallala aquifer in July of 2013. 

Source: U.S. EPA Region 6 Superfund 2013, 4. 

Figure 4.5. Distribution of 1,2-dichloroethane exceeding the drinking water standard in the 

shallow and intermediate zone of the Ogallala aquifer in November of 2012. 

Source: U.S. EPA Region 6 Superfund 2012, 4.  
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Figure 4.7. Distribution of benzene exceeding the drinking water standard in the shallow and 

intermediate zone of the Ogallala aquifer in November of 2012. 

Source: U.S. EPA Region 6 Superfund 2012, 5.  

Figure 4.8. Distribution of benzene exceeding the drinking water standard in the shallow and 

intermediate zone of the Ogallala aquifer in July of 2013. 

Source: U.S. EPA Region 6 Superfund 2013, 5.  
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Figure 4.9. Top, Section A-A’: 1,2-dichloroethane plume, scale 1:600; Middle, Section B-B’: Benzene plume, scale 1:600;  Bottom left, Plan view of 1,2-dichloroethane plume (site outlined in red), not to scale; Bottom right, Plan view 

of benzene plume (site outline in red), not to scale. 

Sources: Top and middle by author, data adapted from U.S. EPA Region 6 2013, 4-5; Bottom left and right, image adapted from U.S. EPA Region 6 2013, 4-5. 
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 at the subsurface (77 µg/kg at 44” to 48” deep) and (3) ethylbenzene at the lowest depth 

sampled (74 µg/kg 48” to 72” deep) (5). Additional soil samples were taken during the 

ESI in 1997, and results showed moderate levels of volatile organic compounds (VOCs) 

(ethylbenzene and xylenes) in samples collected at the northern portion of the playa 

(12).  The concentrations of VOCs increased at further depths; ethylbenzene-16 µg/kg at 

six feet deep and 66 µg/kg at eight feet deep; xylenes– 19 µg/kg at six feet deep and 75 

µg/kg at eight feet deep (9).   

 The TCEQ’s additional results from samples taken near the playa during the 

October 23-25, 1995 SSI, revealed low-level metal contamination (cadmium 0.41 mg/

kg, chromium 40.2 mg/kg, copper 43.7 mg/kg, manganese 637 mg/kg and selenium 1.3 

mg/kg), several semi-volatile organic contaminants (2-methylnapthalene 20mg/kg, 

dibenzofuran 14mg/kg, fluorene 14 mg/kg, and phenanthrene 67 mg/kg) from a thick 

sludge sample collected at depth 18”-24” below the surface and low-level pesticide 

contamination (dieldrin 0.12 mg/kg; 4,4’-DDE 0.54 mg/kg; endrin 0.12 mg/kg; 4,4’-

DDT 0.073 mg/kg; endrin ketone 0.072 mg/kg, and endrin aldehyde 0.17 mg/kg) 

remaining at the playa basin area (5).   

 The surface area of sludge that contaminated the playa was estimated at 282,500 

square feet (6.5 acres), and the thickness of the sludge in the playa varies from 32 inches 

to 56 inches, for an average of 44 inches (3.7 feet) (TCEQ 2008, 4). The quantity of 

contaminated sludge material in the playa was estimated in excess of 38,700 cubic yards 

(4). Visible surface contamination was noted during the June 8, 1995 PA located along 

the southern edge of the playa basin (TNRCC 1997, 5). A site visit conducted by the 

author on February 27th, 2013 revealed that visible surface contamination was still 

present (see fig. 4.10, p. 30).   

 The elevated total petroleum hydrocarbons, which include volatile and semi-

volatile organic contaminants, present near the playa pose potential environmental and 

human health risks. Total petroleum hydrocarbons (TPHs) are actually composed of 

several hundred different chemical compounds such as, alkanes (e.g. methane, ethane, 

and propane), aromatic hydrocarbons (e.g benzene, toluene, ethylbenzene and xylenes, 
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or BTEX) and polycyclic aromatic hydrocarbons (e.g. anthracene, benzo(a)pyrene, 

naphthalene, dibenzofuran, fluorene, chrysene, pyrene, and phenanthrene) or PAHs 

(Frick, Farrell and Germida 1999, 1). Chemical compounds, such as PAHs and BTEX, 

are of concern to human and ecosystem health. The EPA identifies over 21 chemicals in 

the category of PAHs as Priority Chemicals (U.S. EPA OSWER 2008, 1). The EPA 

reports that skin contact with and breathing in PAHs may be associated with cancer in 

humans (2). Studies shows that mice exposed to specific PAHs (benzo(a)pyrene) 

resulted in birth defects, and problems in the liver and blood (2). PAHs are comprised of 

several aromatic rings, which means they are immobile and highly persistent in the 

environment (2).  

 Unlike PAHs, BTEX compounds are very mobile and once released into the 

environment they can evaporate, dissolve into water, attach to soil particles or degrade 

through biological means (Hazardous Substances Research Centers n.d., 1). Exposure to 

BTEX can occur through ingestion (e.g. consuming water contaminated with BTEX), 

Figure 4.10. Photo of visible surface contamination near the southeastern border of the playa 

basin.  

Source: Author, February 27, 2013. 
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 inhalation or absorption through the skin (2). Exposures to high levels of BTEX 

compounds have been associated with skin and sensory irritation, central nervous 

system depression and effects on the respiratory system (2). Prolonged exposure to these 

compounds can also effect the kidney, liver and blood systems (2). As mentioned 

previously, benzene is considered carcinogenic to humans. Refer to Appendix A, p. 115, 

for more information about the nature and characteristics of petroleum. 

 While the TCEQ report specifies concentrations of soil contamination it does not 

identify if the residual contamination still poses a threat to humans or further 

contamination of the Ogallala aquifer. In order to answer this question, research was 

conducted on contaminant screening levels. The EPA created soil screening levels 

(SSLs) for contaminants of concern in order to identify areas, contaminants and 

conditions that require further attention at a particular site (U.S. EPA OSWER 1996, 1). 

SSLs are risk-based concentrations resulting from equations combining exposure 

information assumptions with EPA toxicity data (1). SSLs for a particular chemical 

differ depending upon possible pathways of the contaminant (3). For example, the 

pathways of exposure in a residential setting include ingestion, dermal adsorption, 

inhalation, and ingestion of contaminated ground water caused by migration of 

chemicals through soil to an underlying potable aquifer (3-4). The SSLs for migration to 

groundwater pathways are generated using maximum groundwater concentration limits, 

or MCLs (3). The SSLs for the protection of groundwater are typically more 

conservative than SSLs for exposure in a residential setting (U.S. EPA 2013a), due to 

the fact people are more at risk of consuming contaminated groundwater than they are 

from exposure to contaminated soil. In general, sites where contaminant concentrations 

fall below SSLs, no further action or study is warranted under the Superfund program 

(1). Concentrations above the SSL suggest further evaluation of the potential risks 

caused by the site’s contaminants (1). While SSLs help to identify contamination levels 

requiring further study, it is important to note that the EPA does not consider SSLs 

national cleanup standards (1).  

 The compounds of ethyl-benzene, toluene and xylenes found in the soil matrix 
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 near the playa exceed the EPA’s “risk-based” protection of ground water SSLs, 

however, the EPA specifies several simplifying assumptions for the SSL migration to 

groundwater pathways. Two of these assumptions state, (1) “No contaminant 

attenuation (i.e., adsorption, biodegradation, chemical degradation) in soil and, (2) No 

NAPLs present (if NAPLs are present, the SSLs do not apply).” (U.S. EPA 1996, 29)  

 NAPLs are non-aqueous phase liquids, or a liquid solution that does not mix 

easily with water (Newell et al. 1996, 1). Typically, non-aqueous phase liquids are 

classified as either light non-aqueous phase liquids (LNAPLs) which are lighter than 

water, or dense non-aqueous phase liquids (DNAPLs) which have densities greater than 

water (1). The most common LNAPL-related ground water contamination problems 

result from the release of petroleum products (1). BTEX is considered slightly soluble 

(1). In this particular case, the SSLs for the protection of groundwater do apply to the 

former MFC refinery site, since attenuation has occurred (i.e. contamination happened 

over 50 years ago) and NAPLs (i.e. petroleum products, such as benzene) are present in 

the Ogallala aquifer. Additional research is recommended in order to determine if the 

residual soil contamination still presents risk of further contaminating the groundwater. 

 Based on the SSLs for exposure in a residential setting, ethylbenzene, toluene 

and xylenes in the soil at the former MFC refinery site do not appear to present health 

concerns to humans via inhalation, ingestion or dermal exposure (U.S. EPA 2013a, 5,11, 

& 12). The generic SSLs for exposure in a residential setting are 5.4 mg/kg (5,400 µg/kg 

kg) for ethylbenzene, 500 mg/kg (500,000 µg/kg) for toluene, and 63 mg/kg (63,000 µg/

kg) for xylenes (U.S. EPA 2013a, 5,11, & 12). As noted by the TCEQ, the highest 

concentrations of ethylbenzene, toluene and xylenes found near the playa are 74 µg/kg , 

77 µg/kg and 75 µg/kg, respectively (TNRCC 1997, 6 & 9). It is important to note that 

the regional SSLs are only generic and may change depending upon site-specific factors 

(U.S. EPA 1996, 1). Additionally, screening levels vary significantly from country to 

country, making it difficult to identify what is considered unacceptable or acceptable in 

relation to risk of exposure to contaminants (Quintin and Fraiser 2010, 285). For 

example, see table 4.1, p. 33 for a side-by-side comparison of risk-based screening 
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 levels for a select group of contaminants by country. This group was selected because 

they tend to be contaminants of the most concern to the public and often drive 

contaminated land management decisions (293).   

 Additional research, generating site-specific SSLs, is recommended in order to 

make an informed evaluation of the toxicity of contaminants remaining in the soil. 

Given that the “risk-based” protection of ground water SSLs are inconclusive, all 

contamination (inorganic or organic) will be considered for remediation, unless 

specifically stated as “low-level” in the TCEQ report. This consideration is important in 

order to prevent any possibility of further contamination to the groundwater. 

Contaminants referred to as “elevated” or “moderate” in the TCEQ report or 

contaminants exceeding the EPA’s residential SSLs shall be examined in regards to 

remediation. Furthermore, if the TCEQ report does not specifically state which 

compounds of petroleum hydrocarbons are “elevated” then all compounds will be 

considered for remediation. 

 Soil contamination of sludge pits. The ESI was not able establish the origin of 

or types of wastes disposed at the five tarry hydrocarbon-like sludge pits located east 

and southwest of the playa basin (TNRCC 1997, 5). Based on research conducted on oil 

refinery operations, the pits were most likely repositories for refinery wastes, such as 

tank bottom sludges (Nancarrow et al. 2001, 15). Refer to Appendix A, p. 115 for more 

information regarding the processes involved and common sources of contamination at 

oil refineries. A TWC District 2 Office April 17, 1991 soil sample collected from Pit #1 

revealed elevated hydrocarbons at the surface (TNRCC 1997, 5). Additional Biophram 

Research soil samples collected on November 10, 1992 from Pit #2 and Pit #4, revealed 

elevated unidentified hydrocarbons (Pit #2 - 343,436 mg/kg at 24” deep and Pit #4 - 

77,243 mg/kg at 24” to 36” deep) (5). During the June 8, 1995 preliminary assessment 

(PA), visible surface contamination (oily hydrocarbon-like stains) was noted within each 

of the five pit areas (5). Results of the October 23-25, 1995 screening site inspection 

(SSI) documented metal contamination (cadmium 0.08 mg/kg, copper 1,910 mg/kg, lead 

130 mg/kg, and nickel 27.4 mg/kg) and low-level pesticide contaminants (lindane, 
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 endosulfan, dieldrin, 4,4’-DDE, endosulfan sulfate, methoxychlor, endrin ketone, endrin 

aldehyde and chlordane) remaining in the tar pits (5). Based on what the TCEQ 

considered low-level metal contamination at the playa, the main metals of concern 

within each of the five pit areas are copper, lead and nickel.   

  Soil contamination of excavated areas. The ESI was not able to identify the 

origin or purpose of the two excavated areas located between the playa basin and sludge 

pits (5). Figure 4.11 shows the larger of the two excavated areas, located directly east of 

the playa basin. This excavated area is the only one considered for remediation since the 

smaller excavated area (located directly east of three sludge pits) is located on private 

property. During the June 8, 1995 PA, three broken pipelines were noted protruding 

from the east bank of the larger excavated area, which in all likelihood originated from 

the former petroleum refinery (5). Two of the pipelines contained a residual 

hydrocarbon-like sludge that may have been discharged to the playa basin at one time 

(5). The expanded site inspection (ESI) noted there was a concern that runoff wastes 

from the adjacent/existing on-site facilities may have accumulated in the two excavated 

areas (5). Results of the October 23-25, 1995 SSI documented metal contamination 

Figure 4.11. Photo of larger excavated area at the former MFC site.  

Source: Author, February 27, 2013. 
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 (barium 242 mg/kg, cadmium 2.2 mg/kg, copper 69.9 mg/kg, lead 170 mg/kg, 

magnesium 1,940 mg/kg and mercury 0.18 mg/kg), semi-volatile organic contaminants 

(pyrene 1.2 mg/kg and chrysene 0.35 mg/kg) and low-level pesticide contamination 

(dieldrin, 4,4’-DDE, 4,4’-DDT and chlordane) remaining in the two excavated areas (6). 

Based on what the TCEQ considered low-level metal contamination in the playa basin, 

the main metals of concern in the larger excavated area are barium, copper, lead, 

magnesium and mercury. 

 The ESI determined that the primary contaminants of concern include petroleum 

refinery wastes generated by the former MFC facility that: (1) were allowed to discharge 

directly to the playa basin located on the northwest portion of the site, (2) that may have 

been discharged to the five tar pits located southwest and east of the playa basin and (3) 

that may have been discharged or flowed overland via runoff to excavated areas located 

east of the playa basin (12). 

 The primary contaminants of concern at the playa basin include total petroleum 

hydrocarbons which encompass volatile and semi-volatile organic contaminants such as 

BTEX and PAHs. The main contaminants of concern in the tar pits include total 

petroleum hydrocarbons, copper, lead and nickel. Contaminants requiring further 

attention in the excavated areas include semi-volatile contaminants such as PAHs, 

barium, copper, lead, magnesium and mercury.   

EPA’s Treatment System Solution 

 The EPA completed a remedial design of the site in the 7 months between July 

2008 and January 2009 (U.S. Environmental Protection Agency (U.S. EPA) Region 6 

Superfund 2013, 1). Construction of the remedial system occurred between January 

2009 and August 2009 (1). The remedial system to reduce the groundwater plume 

included 21 groundwater extraction wells, 10 monitoring wells, 4 injection wells and 62 

soil vapor extraction (SVE) wells within the former refinery area (see fig. 4.12, p. 37) 

(1).   

 Soil vapor extraction, also called “soil venting” or “vacuum extraction” is an in 
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situ remediation approach that reduces concentrations of volatile fractions in petroleum 

products adsorbed to soils in the unsaturated zone (U.S. Environmental Agency (EPA) 

Office of Solid Waste and Environmental (OSWER) and Office of Underground Storage 

Tanks (OUST) 1994b, II-1). The unsaturated zone, or vadose zone, is the layer of soil 

that extends from the top of the ground surface to the water table. During SVE, a 

vacuum is applied through wells near the source of the contamination in the soil (II-1).  

The volatile constituents of the contaminant “evaporate” and the vapors are drawn to 

extraction wells (see fig. 4.13, p. 38) (II-1). The extracted vapor is treated, usually 

through carbon adsorption, then released into the atmosphere (II-1). It is important to 

note that SVE wells were not installed near the playa basin, sludge pits or excavated 

areas where several semi-volatile and volatile organic contaminants were found during 

the 1995 SSI.  

Figure 4.12.  Location of SVE wells. 

Source: U.S. EPA. Region 6 Superfund 2013, 6. 
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 In May of 2009, the EPA completed construction of a treatment plant building 

for the combined groundwater and SVE system (U.S. EPA Region 6 Superfund 2013, 

1).  Figures 4.14 and 4.15, p. 39 show the interior and exterior of the treatment facility.  

The installation of the groundwater treatment system was completed in August 2009 (2).  

 The treatment train for the contaminated groundwater includes an air stripper for 

removal of the volatile organic compounds, and metals precipitation and filtration for 

metal removal (2). A cryogenic compression and condensation treatment system was 

integrated into the treatment system for off-gas treatment from the air stripper and the 

SVE well network (2). As of July 2013, the soil vapor extraction and treatment system 

has recovered over 185,000 gallons of refined condensate from beneath the refinery 

contributing to the groundwater contamination (1). The groundwater treatment systems 

have recovered and treated over 27 million gallons of water that has been injected back 

into the Ogallala aquifer (1). The groundwater pump and treat system is averaging 7 

million gallons of groundwater extracted and treated per month with an average daily 

flow rate of 174 gallons per minute (2). The soil vapor extraction system is recovering 

Figure 4.13.  Typical soil vapor extraction system. 

Source: U.S. Environmental Agency (EPA) Office of Solid Waste and Environmental 

(OSWER) and Office of Underground Storage Tanks (OUST) 1994b, Exhibit II-1. 
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over 7,000 gallons of hydrocarbons per month from the unsaturated zone beneath the 

former refinery and has recovered over 300,000 gallons since operations began in 

August 2009 (2).  

 The treatment approach for the contaminated soil was less extensive and in the 

opinion of the author, inadequate. In April 2009, the EPA excavated and disposed of 

3,600 cubic yards of contaminated soil on site (see fig. 4.16, p. 40) (1). It appears that 

the soil which was excavated and buried originated from an abandoned drum hotspot 

southwest of the playa basin (see fig. 4.17, p. 41) (TCEQ 2008, 5). Coincidentally, the 

drum hotspot is located in the exact area where the contaminated soil was buried (TCEQ 

2008, Figure 4). The soil contained elevated copper and zinc that exceeded TCEQ soil 

benchmark values of 61 mg/kg and 120 mg/kg, respectively (5). The extent of impacted 

soil was estimated at 16,300 square feet (0.37 acres) and the total soil volume matches 

the amount of soil excavated and buried, which was 3,600 cubic yards (5). If this 

Figure 4.15.  Panoramic view of the exterior of the treatment plant building in September 2009. 

Source: U.S. EPA Region 6 Superfund 2013, 2. 

Figure 4.14.  Panoramic view of the interior of the treatment plant building in September 2009. 

Source: U.S. EPA Region 6 Superfund 2013, 2. 
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assumption is correct, then the remaining contaminated soil from the playa, excavation 

areas and pits were not removed or remediated. Representing a large amount of 

contaminated soil still on site, the sludge material in the playa was estimated at 38,700 

cubic yards (TCEQ 2008, 4).   

 While the TCEQ claims that the “sludge is not a Resource Conservation and 

Recovery Act (RCRA) ignitable or characteristically hazardous waste” (4), in the same 

source they also state that: 

Waste materials known to have been spilled, dumped or discharged into the 

waste management units [playa, excavated areas, or pits] and possibly into the 

refinery area have become intermixed with spills of crude oil and petroleum 

products. Similar refinery wastes have been listed under the Resource 

Conservation and Recovery Act (RCRA) as hazardous waste number K052 (tank 

bottoms), K049 (slop tank contents), and F037 (primary separator sludge). 

(TCEQ 2008, 5) 

 

 

Figure 4.16.  Sign at the former MFC site stating 

prohibitions for excavation of soil. 

Source: Author, February 27, 2013. 
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Figure 4.17. Area of soil contamination (drum hotspot located within “elevated metals”). 

Source: Texas Commission on Environmental Quality 2008, Figure 4. 
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 Additionally, the TCEQ claims that: 

Off-site disposal was not included in the remedial alternatives since any of the 

sludge/tar material encountered in the soil would require a manifest as a RCRA 

hazardous waste (e.g., hazardous water number F037), which would incur the 

high total costs for treatment to comply with the Land Disposal Restrictions (40 

CFR Part 268). (TCEQ 2008, 17) 

 Obviously, the statements above are contradictory. First, the report states that the 

sludge is not considered a hazardous waste, then later claims that the sludge is, in fact, a 

hazardous waste and would be too expensive to take to a landfill. In either case, it is 

apparent that all of the contaminated soil was left on-site, whether buried or exposed. 

No remediation efforts were attempted in order to reduce or eliminate the contaminants 

present in the soil. 

 While most of the volatile organic fractions of the contamination have 

disappeared due to aging, some of the more stable, hydrophobic compounds of total 

petroleum hydrocarbons (PAHs) are still present in the soil on site (Kathi and Khan 

2011, 56). These persistent compounds can be highly toxic and carcinogenic (56).  As 

mentioned previously, 21 chemicals in the category of polycyclic aromatic 

hydrocarbons (PAHs) have been identified by the EPA as priority chemicals or 

chemicals of concern (U.S. Environmental Protection Agency 2008, 1). Remediation of 

the contamination left in the soil at the former MFC refinery site is important to protect 

the health, safety and welfare of people and the environment. While it is vital to study 

site-specific attributes and conditions on a micro-scale, it is also essential to understand 

the site from a macro-scale. 

Regional Geology 

 The former MFC refinery site lies in the Southern High Plains of Texas, which 

includes 19.4 million acres of west Texas (Diamond n.d.). This area is characterized by 

high elevation (3,000-5,000 feet elevation) and flat topography with an average 

southeasterly slope of 10 feet per mile (TNRCC 1997, 13). Refer to figure 4.18, p. 43 

for a topographic map of the site. Depression ponds, or playas, are prominent features of 

the Southern High Plains and are present at the former MFC refinery site (13). Playas 
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Figure 4.18. Topography map, 1 meter intervals, scale 1:200. Site outlined in red.  

Source: Aerial mage adapted from GoogleEarth 2011; topography data from USDA and NRCS 2012. 
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 range from less than one mile to several square miles in area (13). Depths range from a 

few feet to more than 50 feet (13). Drainage patterns and lack of traversing streams 

leads to surface water impoundment in the playa basins during heavy rains (13).  The 

collected water eventually seeps into the Ogallala aquifer (13). Playas exhibit ecological 

value as ephemeral wetlands and habitats for migratory water fowl (TCEQ 2008, 9). 

Regional Hydrology 

 The significant aquifers in the Southern High Plains area include the saturated 

portions of the Ogallala Formation (Ogallala or High Plains Aquifer), and the Trinity 

and Fredericksburg Group consisting of sands, sandstones and limestone that comprise 

the deeper Edwards-Trinity Aquifer (TNRCC 1997, 14). Reference figure 4.19, p. 45 

and figure 4.20, p. 46 for cross sections of the aquifers and underlying geological layers. 

The Ogallala is one of the largest aquifers in the world (High Plains Underground Water 

Conservation District [HPWD] 2013). It stretches across all or portions of eight states 

generally from north to south to include South Dakota, Nebraska, Wyoming, Colorado, 

Kansas, Oklahoma, New Mexico and Texas (see fig. 4.21, p. 47) and underlies about 

174,000 square miles (HPWD. 2013). Water in the aquifer is contained within pore 

spaces of un-consolidated or partly consolidated sediments comprising the Bridwell and 

Couch Formations (TNRCC 1997, 14). The formations and its sediments consist of fine-

grained quartz sand layered with clay, limestone, dolomite, gravel and conglomerate 

(14). The aquifer is naturally recharged by precipitation and surface runoff that 

infiltrates the numerous sand dunes and playa basins found throughout the region.  

 Underneath Hockley County, the Ogallala Aquifer ranges in thickness from 50 

to 300 feet (14). Figure 4.22, p. 48 shows a map detailing the depth to water in the 

Ogallala formation near the former MFC refinery site. Approximately 95 percent of the 

water pumped from the Ogallala is for irrigation (HPWD 2013). The High Plains area 

represents 65 percent of the total irrigated acreage in the United States (HPWD 2013).  
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Figure 4.19. Top, Section A-A’ showing relationship between aquifers and underlying 

layers; Middle, Map of Texas with the site represented as a red dot; Bottom, Section B-B’ 

showing location of the site, represented by a red dashed line.  

Source: Image adapted from McGowen et al. 1977.  
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Figure 4.20. Top, Section A-A’ showing relationship between Ogallala and 

underlying strata; Middle, Map of counties surrounding Hockley county with the site 

represented as a red dot; Bottom, Section B-B’.  

Source: Image adapted from Blandford et al. 2008.  
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Figure 4.21. Groundwater withdrawals for irrigation by county for year 

2000, site represented by a red dot.  

Source: Image adapted from U.S. Geological Survey (USGS) 2013, under 

“Current population, land use and agricultural production.” 
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Figure 4.22. Depth to water in the Ogallala formation, site represented by small red 

rectangle. 

Source: High Plains Underground Water Conservation District (HPWD) 2012, under 

“Hydraulic atlases (PDF format).” 
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 Soils 

 Hockley County is located in the geographic region of Amarillo-Acuff-Olton 

soils (see fig. 4.23, p. 50) (USDA and NRCS M09 Soil Survey Office 2008, 1). The 

soils present on the former Motor Fuels refinery site include Amarillo fine sandy loam 

(AfA and AfB) and Ranco clay (RcA) (see fig. 4.24, p. 51) (USDA and NRCS 2009a, 

12).  

 The Amarillo series consists of very deep, well drained, moderately permeable 

soils (USDA 2010). Amarillo fine sandy loam soils are slightly alkaline at the surface 

and are generally level to gently sloping plains and playa slopes (USDA 2010). Slope 

ranges from 0 to 5 percent (USDA 2010). The depth to the seasonally high water table 

below Amarillo soils is not present within 80 inches (USDA and NRCS 2009b, 13).   

 The natural plant community in Amarillo soils includes a mixture of short and 

midgrasses with some tall grass compliments (13). Midgrasses tend to dominate the soil, 

with sideoats grama (Bouteloua curtipendula) being the most prevalent midgrass species 

(13). Blue grama (Bouteloua gracilis) is the dominant short grass species and little 

bluestem (Schizachyrium scoparius) the dominant tall grass species (13). Woody plants 

are few but include yucca (Yucca), catclaw acacia (Acacia greggii), and sand sage 

(Artemisia filifolia) (13). The major land use of Amarillo soils are croplands (13). A few 

small areas are used as pasture or rangeland (13). Amarillo soils are well suited for 

development as well. 

 The playa basin area consists of Ranco clay, RcA (0-1% slopes) (USDA 2013).  

The Ranco series consists of very deep, poorly drained, very slowly permeable soils that 

formed in clayey lacustrine sediments derived from Blackwater Draw Formation of 

Pleistocene age (USDA 2013). These soils are slightly alkaline at the surface. (USDA 

and NRCS 2009b, 82). Ranco clay soils are nearly level soils on the floor of playa 

basins 5 to 50 feet below the surrounding plain and range in size from 5 acres to more 

than 50 acres (USDA 2013). Slope ranges from 0 to 1 percent (USDA 2013). Ranco 

clays are frequently ponded and the depth to seasonally high water table is present 

within 80 inches (USDA and NRCS 2009b, 82-83).   
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Figure 4.23. General soil map of Texas.   

Source: Image adapted from USDA and NRCS 2008, 1. 
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Figure 4.24. Soil survey map. Site outlined in red inside the enlarged circle.  

Source: Adapted from USDA and NRCS 2009a, 12. 
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  Plant communities of a playa are highly variable and dependent on the 

hydrology of the playa basin being considered (82). Vegetation varies according to the 

amount of water available during the growing season (82). The dominant plant 

community is a mixture of water loving forbs, grasses and grasslike plants (82).  The 

most prevalent species on the site is creeping spike rush (Eleocharis palustris), 

Pennsylvania smartweed (Polygonum pensylvanium), salt-marsh aster (Symphyotrichum 

tenuifolium), bur ragweed (Ambrosia grayi), curly dock (Rumex crispus), bushy 

knotweed (Polygonum ramosissimum), and sedges (Carex) (82). Some grasses present 

may include knotgrass (Polygonum aviculare), barnyard grass (Echinochloa crusgalli), 

and western wheatgrass (Agropyron smithii) (82). In areas of standing water, southern 

cattail (Typha domingensis), softstem bulrush (Schoenoplectus tabernaemontani), and 

spiked arrowhead (Sagittaria) may be present (82). Occasionally there will be a few 

willows (Salix) and cottonwoods (Populus) present around the edge of the playa (82). 

 The major land use of Ranco clay soils is wildlife habitat (82). This soil is poorly 

suited for cropland and urban uses due to frequent ponding, depth to saturated zone, 

restricted permeability and high clay content (82-83). A few areas are used as rangeland 

(82).  

Climate 

 The data collected for the temperature and precipitation in Levelland was 

recorded between the years of 1971 to 2000 and is represented in table 4.2, p. 53 (USDA 

and NRCS 2009b, 168). The mean annual precipitation near Levelland is 17 to 21 

inches (12). Of this amount, approximately 16.2 inches (82%) falls in April and October 

(Natural Resources Conservation Service (NRCS) National Water and Climate Center 

(NWCC) n.d., 1). The growing season for most crops falls within this period (1).  

 The mean annual air temperature near Levelland is 57 to 60 degrees (USDA and 

NRCS 2009b, 12). During the winter the average temperature is 40.5 degrees Fahrenheit 

and the average daily minimum temperature is 25.3 degrees (NRCS and NWCC n.d., 1). 

In the summer, the average temperature is 76.8 degrees and the average daily maximum 
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  Temperature 

(Degrees °F) 

  Precipitation 

(Inches) 

 

Month Average 

Daily 

Maximum 

Average Daily 

Minimum 

Average Average  Average 

number of 

days w/ 0.1 

inch or more 

Average 

snowfall 

 °F °F °F In  In 

January  53.4  23.6  38.5 0.59 1 2.6 

February 59.1  27.1 43.1 0.63 2 2.5 

March 67.2  33.0 50.1 0.58 1 0.5 

April 75.5  41.8  58.7 1.03 2 0.2 

May 83.9  52.0  68.0 2.35 4 0.0 

June 91.1  60.6  75.9 2.78 4 0.0 

July 92.7  63.7  78.2 2.22 4 0.0 

August 90.3  62.2  76.2 2.95 4 0.0 

September 83.9  55.6  69.8 3.23 4 0.0 

October 75.5  44.1  59.9 1.62 2 0.4 

November 63.2  32.5  47.8 0.85 1 0.9 

December 54.9  25.2  40.0 0.83 2 2.8 

Yearly:       

Average 74.3  43.3 58.8 --- --- --- 

Extreme 115 -10 --- --- --- --- 

Total --- --- --- 19.65 31 9.8 

Table 4.2. Temperature and precipitation of Levelland, Texas.  

Source: Data adapted from USDA and NRCS 2009b, Table 1, 168. 
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 temperature is 91.4 degrees (1). The average seasonal snowfall is about 9.8 inches in 

Levelland (USDA and NRCS 2009b, 168). On  February 20, 1961, the greatest snow 

depth at any one time during the period of record was recorded at 18 inches (NRCS 

NWCC n.d., 1).   

 Relative humidity and wind information for Hockley County are estimated from 

the First Order station in Lubbock, Texas (1). The average relative humidity in the 

afternoon is about 40 percent (1).  Humidity is higher at night, and the average at dawn 

is about 74 percent (1). The prevailing wind is from the south or southwest (1).  Average 

wind speed is highest, between 14 and 15 miles per hour, between March and May (1). 

 The site of the former MFC refinery is located within the 7a zone of the USDA 

Plant Hardiness Zone Map (United States Department of Agriculture (USDA) and 

Agricultural Research Service (ARS) 2012). The average annual extreme minimum 

temperature of zone 7a is 0 to -5 °F (USDA and ARS 2012). Refer to figure 4.25, p. 55 

for a detailed plant hardiness zone map of West Texas. 

 Cultural Attributes 

 Cultural attributes encompass the historical, legal, aesthetic and other socially 

significant attributes associated with the site.  Creating, or maintaining, a “sense of 

place” hinges on understanding and responding to site context.  Cultural attributes such 

as land use, history, points of interest, and common occupations in Levelland are 

presented in this section. 

Land Use 

 The site of the former Motor Fuels Corporation refinery is located on 

commercial and vacant land (Dunkin Sefko and Associates, Inc. 2003, Plate 2.3). See 

figure 4.26, p. 56 for a map of the land uses surrounding the site. Limited information 

exists regarding land use, given the site’s location near the edge of the extra terrestrial 

jurisdiction of Levelland. However, the land directly north and east of the site is known 

to be commercial.  
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Figure 4.25. Plant Hardiness Zone map of west Texas. Site represented by a red dot.   

Source: USDA and ARS 2012. 



56 

Texas Tech University, Kylee Cumby, December 2013 

Figure 4.26. Existing land use of Levelland, Texas and the former MFC site.  

Source: Image adapted from Dunkin Sefko and Associates, Inc. 2003.  
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 History and Points of Interest in Levelland, Texas 

 Levelland was designated the seat of Hockley County when the county was 

organized in 1921 (Hunt n.d.).  Originally, Levelland was named Hockley City by 

Charles W. Post, who surveyed the site in 1912 (Hunt).  In 1922 the town was renamed 

due to the areas flat topography (Hunt). Some pioneers of Levelland are G.H Tubb, who 

freighted supplies by truck from Lubbock and Rev. Tom Suttle, who established the 

First Missionary Baptist Church in 1923 (Hunt). S.S. Ripley built the first house in 1921 

(Hunt).  Service on the Santa Fe railroad began in July 1925 (Hunt). By 1930, the 

population was 1,663 and continued to grow, even during the Great Depression (Hunt). 

The county oil boom of the 1950s contributed the former MFC refinery and a gas plant 

in addition to existing businesses, which included, warehouses, gins, grain elevators and 

cotton compresses (Hunt). The population of Levelland increased from 8,265 in 1950 to 

13,809 in 1980 (Hunt). Civic organizations raised $50,000 to open a municipal park in 

1951, and the airfield, road systems and hospital were improved around the same time 

(Hunt). South Plains College, a two-year community college, opened in 1958 (Hunt) 

with a full-time enrollment of 4,679 students (Advameg, Inc. n.d., under “College/

University in Levelland”). Refer to figure 4.27, p. 58 for the locations of South Plains 

College, Hockley County courthouse, Levelland Municipal Airport, and Covenant 

Hospital in relation to the site.  

Population and Common Industries in Levelland, Texas 

 In 2012, the population of Levelland was 13,632 (Advameg, Inc. n.d., under 

“Hockley County”). Levelland’s main economic drivers are the oil and gas industry and 

agriculture (Advameg, Inc. n.d.). Figures 4.28, p. 59 and 4.29, p. 60 provide detailed 

charts of the most common industries in Levelland for males and females, compared to 

the state of Texas. 
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Figure 4.27. Points of interest in Levelland, Texas.  

Sources: Aerial image adapted from GoogleEarth, 2013; Hockley County courthouse image taken by author February 2013; South Plains College image adapted from Wimberley N.d.; 

Covenant Hospital Levelland image adapted from Covenant Hospital Levelland 2013.  
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Figure 4.28. Chart of the most common industries for males from the 

years 2007-2011 in Levelland compared to the state of Texas.  
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Figure 4.29. Chart of the most common industries for females from the 

years 2007-2011 in Levelland compared to the state of Texas.  
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CHAPTER V  

SITE ANALYSIS 

 An inventory of the site’s physical, biological and cultural features provides 

layers of information to analyze in relation to the site’s goals and program elements.  

Identifying strengths, weaknesses, opportunities and constraints inherent to the site is 

crucial in order to determine areas suitable for development and areas to be preserved.  

Site strengths and opportunities are significant amenities that have social, economic and/

or aesthetic value. These areas should be highlighted and protected to enhance the site’s 

intrinsic value. Site weaknesses and constraints allow for revision of the project’s 

program while creating boundaries and zones in terms of development. Analyzing the 

site with an emphasis on nature promotes sustainable development, which in turn 

protects and celebrates the site’s ecological integrity and cultural heritage. Strengths, 

weaknesses, opportunities and constraints of the former MFC refinery site are 

represented by 13 different analysis zones. Each zone corresponds to a specific location 

on the site analysis map at the end of this chapter (see fig. 5.4, p. 70). Refer to this 

figure for each zone’s strength, weakness, opportunity and/or constraint.  

Strengths, Weaknesses, Opportunities and Constraints 

Analysis Zone #1– Weakness and Opportunity 

 Possible points of entry to the site from State Highway 114 are limited. The 

western portion of the site can only be accessed from the location specified by the 

number one on the site analysis map (see fig. 5.4, p. 70). Additionally, the road from the 

site to State Highway 114 is unpaved and would not be able to support the amount of 

traffic this site would attract if developed. An opportunity exists to design a paved road 

which would better service the visitors to the site. Due to the rural location of the site, 

the main mode of transportation for visitors is automobile.  
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Analysis Zone #2– Opportunity and Constraint 

 The developable area located along the northern boundary of the site is 

constrained by commercial development to the north, a radio tower to the south, the 

contaminated playa basin to the east and the existing dirt road to the west. Due to scarce 

vegetation in this area, the soil is easily erodible from strong winds, which is common to 

this part of west Texas. However, this developable area presents several strengths, such 

as exhibiting well drained soils and, based on reports provided by the EPA and TCEQ, 

does not show evidence of soil contamination from the former MFC refinery. This area 

is not subject to flooding since it is located outside of the 100-year floodplain 

surrounding the playa. Proximity to State Highway 114 also represents an opportunity 

for development in this area. 

Analysis Zone #3– Constraint 

 Analysis zone #3 includes a radio tower (see fig. 5.4, p. 70). The site is 

constrained by the access road to the tower and the land area directly adjacent.  The 

addition of a screen surrounding the tower would be appropriate to discourage visitors 

from trespassing. Nonetheless, the radio tower may function as a way-finding structure 

on the flat plains of west Texas. 

Analysis Zone #4– Opportunity and Constraint 

 The developable area along the southern boundary of the site is constrained by 

existing dirt roads to the north, south and west and a contaminated area of land to the 

east (see fig. 5.1, p. 70). The dirt roads to the north and south of this area service 

existing pump jacks. This area’s proximity to the BSNF railroad presents itself as a 

weakness and an opportunity. While the noise from passing trains discourages 

residential development, the possibility of a public transit stop (i.e. train station) directly 

adjacent to the site presents an interesting and lucrative opportunity. This developable 

area is also located near the road which provides access to State Highway 114. Similar 

to the developable area to the north, the zone to the south is a large tract of well-drained 

soil which was not impacted by contamination from the former MFC refinery.   
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Analysis Zone #5– Opportunity, Constraint and Weakness 

 The playa basin presents multiple weaknesses as well as opportunities. The 

playa’s importance as ecological infrastructure prevents most types of development in 

this area (see fig. 5.4, p. 70).  Functioning as an aquifer recharge point, ephemeral 

wetland and wildlife habitat, the playa basin must be conserved and protected. To ensure 

this, an adequate vegetated buffer surrounding the playa is essential. The buffer 

functions to maintain and improve water quality by trapping and absorbing sediments, 

nutrients and pollutants before they reach the playa. The vegetated buffer reduces 

erosion and stabilizes the soil while providing food, cover and breeding areas for 

wildlife. The playa also serves as a detention pond for the site, collecting stormwater 

after rain events. While the playa and vegetative buffer provide important ecological 

functions, frequent inundation and high clay content soils also prevent development as a 

viable option in this area.   

 A major weakness of the playa is it’s degraded conditions, as a result of 

petroleum pollutants saturating the soil for more than 50 years. With considerable 

amendments to the soil, the “treatment train” system (i.e. landfarming, bioremediation 

and phytoremediation) is capable of degrading the sludge material and restoring the 

playa to its natural state. It is crucial to attempt remediation on site, or in situ, to avoid 

pollution of another site or landfill. The groundwater plume underneath the site is 

currently being treated using extensive engineered remediation methods; an air stripper 

for removal of the VOCs and metal precipitation and filtration for metal removal (U.S. 

EPA Region 6 Superfund 2013, 2). In addition, a cryogenic compression and 

condensation treatment system was integrated, in order to process the off-gas from the 

air stripper and SVE well network (2). Given the urgency to treat the polluted 

groundwater as quickly as possible, it appears, this treatment system solution is the 

fastest, most effective method. The groundwater treatment systems have recovered and 

treated over 27 million gallons of water which have been injected back into the Ogallala 

aquifer (1).    

 Other less expensive options for remediation of contaminated groundwater 
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 include bioremediation. Bioremediation, or biostimulation, occurs when nutrients and 

oxygen are circulated in aqueous solutions through contaminated groundwater, in order 

to stimulate bacterial activity, which functions to degrade and immobilize the petroleum 

hydrocarbons (The International City/County Management Association (ICMA) 2000, 

V-3). Hypothetically, if remediation was initiated 59 years ago when the MFC refinery 

shut its doors, phytoremediation and bioremediation of the groundwater would have 

been a viable option. Since remediation efforts were not attempted until recently, the 

groundwater plume has had time to accumulate and migrate in the direction of the flow 

of the aquifer (i.e. east).  If the concentration of pollutants were directly beneath the 

playa, or saturated zone, phytohydraulics could have helped to minimize or prevent 

groundwater and plume migration (ITRC 2001, 12).  

 Phytohydraulics is the use of plants and trees to rapidly take up large volumes of 

water through their roots in order to contain or control the migration of subsurface water 

(12). In order to control the movement of contaminants, phreatophytes, or deep-rooted, 

riparian trees must be actively tapping into the groundwater (17). Near the playa, the 

seasonally high water table is present within 80 inches or approximately 6.5 feet (USDA 

and NRCS 2009b, 82-83). Typical phreatophytes root’s, which include poplars 

(Populus) and willows (Salix) (ITRC 2001, 12), are capable of penetrating a depth of up 

to 30 feet (Robinson 1958, 14). Poplars and willows are also known to phytoremediate 

petroleum hydrocarbons, not only in the groundwater, but in the soil as well (Cook and 

Hesterberg 2013, 846).  Deeper rooting alfalfa (Medicago sativa) has been traced to a 

depth of 66 feet (Robinson 1958, 14). Consequently, alfalfa (Medicago sativa) is also 

known to phytoremediate petroleum hydrocarbons (Ndimele 2010, 718), making it an 

excellent plant for the dual purpose of cleaning the groundwater and soil.  

 While bioremediation and phytoremediation were yet to be discovered in 1954, 

more is understood today about the technologies and their potential to remediate the soil 

and groundwater, if action is taken immediately. With remediation of contaminants and 

restoration of the playa’s natural habitat, this area presents an opportunity as a visual 

amenity and natural resource.  Recreational activities such as hiking, biking and bird 



Texas Tech University, Kylee Cumby, December 2013 

65 

 watching are possible adjacent to the remediation processes.  

Analysis Zone #6– Constraint and Opportunity 

 Analysis zone #6 on the site analysis map (see fig. 5.4, p. 70) represents an 

abandoned drum hotspot which was contaminated with sludge and heavy metals (TCEQ 

2008, 5). Site visits and research confirmed that this contaminated soil was excavated 

and buried five feet below the surface in the same exact location. This particular 

location is constrained from development due to the contamination, but presents 

opportunities for development in the future after remediation is complete. To 

successfully remediate this area, the buried soil must be unearthed and spread evenly on 

the surface before beginning the treatment train method. Also, since this area is 

contaminated with petroleum hydrocarbons and heavy metals (i.e. zinc and copper), the 

planting palette for phytoremediation must adjust accordingly. Until remediation is 

complete, a buffer separating the contaminated areas from potentially developed areas is 

required in order to reduce risks of exposure or disturbance of remediation processes. 

Analysis Zone #7– Constraint 

 Development and vegetated buffers surrounding the playa are constrained by an 

existing pump jack located in analysis zone #7 (see fig. 5.4, p. 70). Two pump jacks can 

be found on the site (see fig. 5.1, p. 66). Located within the Levelland Oil Field, pump 

jacks dot the area, offering a constant reminder of the source of contamination at the 

former MFC refinery site. As a relic of west Texas culture, these machines represent a 

powerful economic driver to this area. 

Analysis Zone #8– Weakness 

 Analysis zone #8 on the site analysis map (see fig. 5.4, p. 70) highlights an 

existing unpaved road along the southern boundary of the site, which dead ends at the 

border of the Farmers Co-Op to the east. The site is only accessible along the western 

edge. Entry from the east side is constrained by surrounding commercial development 

and the BNSF railroad to the south. Development and/or access to this area is 

unfavorable due to unsightly views of garbage illegally dumped along the boundary line 
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between the site and the Farmers Co-Op (see fig. 5.2, p. 67). The major weakness of this 

site is it’s use as a dumping ground (whether refinery wastes or trash) since 1939, 

despite the fact that it is an important piece of ecological infrastructure as well as home 

to wildlife of the southern high plains. 

Analysis Zone #9-  Constraint and Opportunity 

 Analysis zone #9 signifies the location of the excavated area and tar pits (see fig. 

5.4, p. 70). Development is not feasible in this area due to soil contamination, water 

impoundment in the pits and poor accessibility. Opportunities for remediation of the soil 

employing the treatment train method will restore vegetation in the pits, consequently re

-establishing wildlife habitat. Possibilities exist for vegetated swales to direct 

stormwater to the playa. 

 

 

Figure 5.1. View of the site taken from the top of a train car.   

Source: Author February 27, 2013. 
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Analysis Zone #10– Strength 

 Existing vegetation (i.e. a cluster of mature trees) is represented by analysis zone 

#10 on the site analysis map (see fig. 5.4, p. 70). Protecting this vegetation provides a 

buffer from surrounding commercial operations, protects wildlife habitat, promotes 

biodiversity and provides nutrients and shade which can assist the remediation of nearby 

contaminated soils.  

Analysis Zone #11– Opportunity 

 The structure in analysis zone #11 is the EPA’s water treatment facility (see fig. 

5.4, p. 70), which is currently functioning to reduce the contaminant concentration level 

in the groundwater plume under the site. This building provides an opportunity to assist 

in the remediation of contaminated soil on site. The groundwater pump and treat system 

is averaging over 7 million gallons of groundwater extracted and treated per month with 

an average daily flow rate of 174 gallons per minute (U.S. EPA Region 6 2013,  2). 

Perhaps, a portion of this water can be allocated to irrigate the plants selected for 

phytoremediation. Once the plants are established, additional irrigation will not be 

Figure 5.2. View of a garbage pile at the site of the former Motor Fuels refinery.   

Source: Author February 27, 2013. 
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 necessary since most of the plants with demonstrated potential to phytoremediate 

petroleum hydrocarbons are native or adapted to the dry west Texas climate. Another 

strength of the site is the extension of the water line from Levelland, which provides 

utilities close-by for future development. 

Analysis Zone #12– Constraint 

 Analysis zone #12 on the site analysis map (see fig. 5.4, p. 70) represents the 

land owned by the Farmers Co-Op Elevator Association, which features offices, 

warehouses and grain storage. The Co-Op provides farmers in the area with fuel, 

propane, fertilizer and chemicals. Buffers along the boundary of the Co-Op and the 

former MFC refinery site are appropriate to separate open space from commercial 

property. 

Analysis Zone #13– Constraint and Strength 

 Analysis zone #13 refers to structures that were formerly used by the Farmers Co

-Op Elevator Association but have since been abandoned (see fig. 5.4, p. 70). A grain 

elevator and storage silos are some of the remnants left behind in this area (see fig. 5.3, 

p. 69). These old structures produce a sense of nostalgia for the traditions of the 

ranching and farming culture in west Texas.  

 The 13 zones presented in this chapter provide a clear and comprehensive 

analysis of the strengths, weaknesses, opportunities and constraints at the former MFC 

refinery site. The analysis provides a foundation of knowledge to help guide the creation 

of the conceptual design.  
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Figure 5.3. Abandoned Farmers Co-Op Elevator Association storage facility.  

Source: Author February 27, 2013. 
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Figure 5.4. Site analysis map.   

Source: Author.  
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CHAPTER VI 

CONCEPTUAL DESIGN 

 The conceptual design phase involves exploration, evaluation and comparison of 

alternative concepts and spatial configurations. The conceptual design considers 

program, project goals as well as site and contextual conditions. Zones, paths, edges, 

nodes and landmarks begin to take shape on the site; delineating areas for building 

envelopes, open space, circulation systems and ecological infrastructure. Several 

alternatives are developed and strengths and weaknesses of each are systematically 

evaluated. A conceptual design must be context-sensitive; in other words, designed with 

nature, culture and the public in mind.    

 Conceptual design requires revisiting preliminary program elements and 

analyzing their suitability for the site, given the knowledge acquired through the site 

analysis process. The scope of the project includes open space for on-site remediation of 

contaminated soil, recreational activities and wildlife habitat, as well as an educational 

extension center (college or university) which consists of a small visitors center, 

classroom space, computer laboratory, scientific laboratory and greenhouse(s) for 

additional experimentation of remediation technologies. Site analysis revealed the 

preliminary program elements suitable and appropriate for the site. The proposed 

program elements support and enhance the project goals, in regards to encouraging 

awareness of environmental issues, promoting innovative and sustainable remediation 

solutions and educating the public about these solutions. However, upon completion of 

the site analysis, it became clear that other opportunities were available in relation to 

program.    

 A new multi-faceted program was envisioned; providing a view of the future 

while making an impact on a regional scale. Taking advantage of existing infrastructure 

(i.e. BSNF railroad to the south and State Highway 114 directly north), the revised 

program contains a mixed-use district accommodating commercial uses, light industry, 

professional and business offices, public and semi-public uses and recreational 
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 activities. The inclusion of a transit stop for passenger train cars connects people to the 

site, not only from major cities within Texas, but cities across the United States. While 

the BNSF railroad does not currently offer passenger train service, it is proposed in 

order to support and enhance the goals for the former MFC refinery site. Public 

transportation would benefit the significant number of students who already commute 

from Lubbock to Levelland every day to attend school at South Plains College. Multiple 

uses would attract a diverse group of visitors to the site, further extending the 

opportunity to educate the public about the consequences of petroleum contamination 

and the environmentally conscious solutions available for remediation. The new multi-

use development would also increase the local economy and provide job opportunities 

for residents in the area. The site analysis identified on and off-site determinants, which 

facilitated in distinguishing the location of the mixed-use development. Figure 6.1, p. 

75, located at the end of this chapter, visualizes the conceptual design for the site of the 

former MFC refinery.  

 The mixed-use district is restricted to the western portion of the site, due to the 

playa basin, surrounding floodplain and soil contamination (see fig. 6.1, p. 75). The soil 

contamination is addressed through the treatment train approach (i.e. landfarming, 

bioremediation and phytoremediation) which is aesthetically pleasing and essentially 

unnoticeable to the naked eye. Contaminated zones are planted with mostly native 

grasses, forbs and legumes, which function remediate the contamination. Vegetated 

buffers surrounding the contaminated areas are planted with native or adapted trees, 

shrubs and perennial grasses to protect and enhance the remediation process and offer 

separation from surrounding land uses. This mass of vegetation also serves as habitat for 

wildlife and presents opportunities for recreational amenities, such as nature trails. A 

visitor center is located along the northwestern boundary of the playa basin to provide 

views of the playa and place visitors in close contact with phytoremediation processes 

and wildlife habitat (see fig. 6.1, p. 75).  

 Immediately adjacent to the vegetated buffers, or passive open space, is a public 

park large enough to provide areas for recreational activities such as soccer and baseball 
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  (see fig. 6.1, p. 75). The park also provides a gradual transition from conserved open 

space to development. An observation tower is located along the western edge of the 

park, providing visitors with a birds eye view of the site. The observation tower also 

functions as a focal point at the end of Main Street, which is a primary circulation route 

surrounded by mixed-use development.  

 Circulation flows along the western edge of the park in the form of a large 

sidewalk and park-side boulevard (see fig. 6.1, p. 75). Parking is located within the 

interior of the buildings and along the streets, in order to provide direct orientation of 

buildings to roadways. A parking structure is located within a quarter of a mile of the 

transit stop to facilitate the numerous visitors to the site. North of the parking structure, 

the educational extension center provides education services and research opportunities. 

For example, the departments of Environmental Engineering, Landscape Architecture, 

or Agricultural Sciences and Natural Resources at Texas Tech University could benefit 

from the potential research opportunities presented by the former MFC refinery site. To 

provide a variety of recreational activities, a public or semi-public land use is proposed 

near the park, such as a community center or small recreational center (see fig. 6.1, p. 

75).  

 Total acreage of the site is 65.9 acres. Open space consists of 24.9 acres or 

37.7% of the total acreage; the park consists of 4.2 acres or 6.4% of the total acreage; 

remediation areas account for 15.0 acres or 22.8% of the total acreage; mixed use 

consists of 2.8 acres or 4.3% of the total acreage; public use accounts for 1.87 acres or 

2.8%; vehicular circulation consists of 8.2 acres or 12.5% of the total acreage; 

pedestrian circulation accounts for 4.9 acres or 7.4% of the total acreage and parking 

accounts for 4.0 acres or 6.1% of the total acreage of the site. 
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 Conceptual Statement  

 Taking into consideration the additional program elements, a conceptual 

statement clearly summarizes the design intention and the strategies by which to 

accomplish it: 

 The design of the former MFC refinery site is intended to attract and educate a 

diversified group of visitors while restoring, protecting, and enhancing the site’s natural 

resources. Innovative remediation methods, such as bioremediation and 

phytoremediation, remove contaminants from the soil while re-establishing the local 

habitat and protecting ecological infrastructure. Civic, commercial, educational and 

recreational uses provide visitors with a variety of activities and opportunities. The 

establishment of a transit stop provides a wider range of access to the site and 

encourages sustainable forms of transportation. 
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Figure 6.1. Conceptual plan, scale 1:200. 

Source: Author.  
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CHAPTER VII 

MASTER PLAN 

 The following narrative is intended to accompany the Master Plan (fig. 7.1, p. 

77) for the site of the former Motor Fuels Corporation (MFC) refinery. The Master Plan 

represents a functional, effective and aesthetic alternative for the restoration of the site 

and re-development in the future. Design details such as spatial organization of site 

elements, development envelopes, notable structures, site character, planting 

suggestions, recommended remediation processes, circulation, stormwater management, 

and phases of development will be addressed in this section. 

Spatial Organization 

 The site is roughly divided into four major zones: the depot, the campus, the 

playing field and the reservoir. The depot consists of the train station and market square 

(#10, 11 and 16 in fig. 7.1, p. 77). The depot consists of 15.1 acres or 22.9% of the total 

acreage of the site. The market square includes dense commercial, office and light-

industrial development, directly north of the train station. North market square and south 

market square are separated by Main Street (#10a, 10b and 11a,11b in fig. 7.1, p. 77). 

The campus contains an educational extension building (South Plains College or Texas 

Tech University) (#1 in fig. 7.1, p. 77), a greenhouse for research and food production 

as well as an auxiliary structure (e.g. storage, etc.) (#2 in fig. 7.1). The campus accounts 

for 4.4 acres or 6.7% of the total acreage. The campus and market square share a 

parking structure located between the two districts (#7 in fig. 7.1). The playing field is a 

public park (#6 in fig. 7.1), but also includes a recreational community center to the 

north of the park (#3 in fig. 7.1). Two gazebos (#6a, 6b in fig. 7.1) and an observation 

tower (# 13 in fig. 7.1) are also found at the playing field. The playing field consists of 

10 acres or 15.1% of the total acreage. The reservoir incorporates the visitor center (#5 

in fig. 7.1), playa basin, remediation areas and surrounding wildlife preserve. The 

reservoir covers more than 55.4% of the site or 36.5 acres.  
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Figure 7.1. Master plan. 

Source: Author.  
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The Depot 

 Visitors traveling by train are provided with a preview of the site upon arrival. 

From the vantage point of the passenger car, visitors observe the natural preserve and 

playa tucked away behind tall native grasses and trees. The observation tower is seen in 

the distance, rising above the skyline of vegetation. Gradually, the park emerges from 

the preserve and transitions into urban development. The design of the site and its 

features intend to reflect the cultural and historic heritage of the region. Accordingly, the 

train station references colonial architecture but in a contemporary fashion. Refer to 

figure 7.2, p. 79 for a vignette of the train station.  

 Exiting the train station, a sight line extends toward a crosswalk which provides 

pedestrians safe passage across Greenway Boulevard. A large pedestrian path connects 

to the crosswalk and provides easy access to buildings located in south market square. 

Cafes, shops, restaurants or bars, complete with outdoor patios or seating areas are 

suggested along this pedestrian path to enrich the outdoor experience. At the intersection 

of the pedestrian walkway and Main Street, an outdoor courtyard carves out an opening 

between the 2-3 story tall mixed-use structures, providing a gathering space under the 

shade of four Chinese pistache’s (Pistacia chinensis) (#12 in fig. 7.1, p. 77). This tough, 

drought tolerant, and wind resistant tree exhibits spectacular fall color and is well suited 

in an urban environment.  

 Visitors or students who travel by car but are interested in taking the train 

elsewhere, may park in a lot to the east of the train station (#17 in fig. 7.1, p. 77), on the 

street adjacent, or in the two parking lots north of the station (#14 and 15 in fig. 7.1). 

During high traffic times, visitors may also park in the parking structure (#7 in fig. 7.1), 

which is only a five minute walk, from the structure to the train station.  The separation 

between the station and parking structure requires visitors to walk directly through the 

market square, promoting visibility of the businesses along the way. 

 By car, the primary entrance to the market square is accessed by Main Street 

from Restoration Road (i.e. the collector arterial along the western boundary of the site). 
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Figure 7.2. Perspective A: Train station.  

Source: Author.  
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Main Street is considered the core of the market square; a place of entertainment, food, 

shopping and more. Two to three story tall mixed-use structures and large sidewalks line 

both sides of the street, creating a pedestrian-friendly urban environment. Examples of 

permitted uses within this area include grocery stores, restaurants, cafes, coffee lounges, 

bars, hotels, clothing stores, business or professional offices, artist studios, art galleries, 

pet stores, metal products fabrication, printing and publishing, and so forth. The 

character of buildings and other elements within market square visually echo the 

western traditions of the region. Refer to figure 7.3, p. 81 for a vignette of Main Street. 

The Campus  

 Visitors or students travelling by automobile will exit off Highway 114 and 

travel along Restoration Road to access the site. The first road that provides access to 

the site is located along the northern most edge (i.e. Reservoir Road). The educational 

extension center is visible at this intersection, angled in reference to solar orientation 

and its location on the corner (#1 in fig. 7.1, p. 77). Vegetation surrounding the building 

along the western and southern facades provides shade during hot summer months and 

frames the view of the structure. A secondary road curves along the southern side of the 

educational extension center, functioning as a drop-off point, providing access to the 

small parking lot south of the greenhouse, and allowing entry to the market square and 

parking structure. The small parking lot to the south of the greenhouse is restricted to 

ADA accessible, maintenance and service vehicles. Student parking is available along 

the streets or in the parking structure immediately adjacent to the campus. The parking 

structure provides more than one function, given that it includes a roof garden and 

rooftop café (#7a and 7b, respectively, in fig. 7.1, p. 77) which provides visitors and 

students expansive views of the park and wildlife preserve.   

The Playing Field   

 The community center is located north of the park (#3 in fig. 7.1), providing 

recreational activities for visitors and students.  The two-story community center is 

comprised of a gymnasium, weight room, dance studio, meeting rooms and even 
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Figure 7.3. Perspective B: Main Street.  

Source: Author.  
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 features a rooftop garden and patio.  A drop-off lane and accessible parking are located 

directly in front of the main entrance to the community center. A parking lot to the east 

of the community center is shared with the visitor center (#4 in fig. 7.1, p. 77).    

 The playing field is an open, grassed area, large enough for multi-purpose play 

and activities, such as soccer and baseball. Two gazebos, strategically located near the 

parking structure and community center parking, provide visitors with shaded gathering 

spaces (#6a and 6b in fig. 7.1, p. 77). The park seamlessly blends with the wildlife 

preserve to the east by way of gradually thickening vegetation and tall grasses.  The 

west side of the park is bordered by Greenway Boulevard, where on-street parking is 

available for park goers. The observation tower represents a focal point at the 

intersection of Main Street and Greenway Boulevard. Reflecting the vernacular 

architecture of west Texas, the design of the tower references the structure of a silo (The 

observation tower can be seen in the background of figure 7.3, p. 81). The tower (#13 in 

fig. 7.1, p. 77) is intended to lure people high above the ground plane in order to initiate 

a visual connection to the wildlife preserve and remediation processes below. Once atop 

the tower, visitors would not be able to differentiate the wildlife preserve from 

remediation areas since the two are intertwined in a type of symbiotic relationship. 

Extending from the tower, a sidewalk continues through the park and disappears into the 

preserve, providing access to the visitor center and nature trails.   

The Reservoir 

 The reservoir includes a visitor center which consists of an exhibit hall, 

classrooms, and office space (#5 in fig. 7.1, p. 77). The visitor center provides 

information and exhibits regarding the remediation processes and the surrounding 

wildlife preserve. Materiality and design features of the visitor center reflect the local 

historic and cultural context. The design includes wood paneling, shaded porches, and 

two small above ground silos which function as rain water harvesting cisterns. 

Promoting ecologically conscious development, the visitor center floats in a field of 

native grasses, allowing natural drainage pathways beneath the structure. The grasses 

function to phytoremediate soil contaminants near the playa and restore the natural 
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 habitat. A boardwalk connects visitors from the adjacent parking lot to the visitors 

center, minimizing any disturbance to the remediation processes or local ecology. 

Another boardwalk sweeps out from the visitor center near the playa, providing an 

intimate experience with the abundant flora and fauna in this area (see fig. 7.1, p. 77) . 

This boardwalk attaches to a sidewalk which connects visitors to the observation tower 

and market square. Figure 7.4, p. 84, shows a perspective of the visitor center from the 

vantage point of a nature trail across the playa. This minimally invasive nature trail, 

composed of crushed stabilized granite, meanders from the train station, through the 

preserve, around the playa and terminates at the visitor center. This trail provides 

visitors a journey through different planting zones; prairies of tall grasses surrounded by 

trees, then beyond a clearing, to the playa filled with aquatic plants and water fowl. Not 

only is the site divided, spatially into four different zones, but the vegetation is separated 

into four distinct areas as well. 

Planting Zones 

 The following narrative is intended to accompany the planting diagram, which 

recommends different zones of vegetation based on site conditions, such as, proximity 

to urban areas, existing soil contamination, nearness to the playa, and so forth (see fig. 

7.5, p. 85). The four planting zones include: Zone A, Urban; Zone B, Park; Zone C, 

Remediation and Zone D, Wildlife Preserve. Zone A, Urban consists of 22.2 acres or 

33.7% of the total acreage. Zone B, Park accounts for 4.2 acres or 6.4% of the total 

acreage. Zone C, Remediation consists of 15 acres or 22.8% of the total acreage while 

Zone D, Wildlife Preserve accounts for 24.5 acres or 37.1% of the total acreage. 

Zone A: Urban 

 Zone A includes the highly developed western portion of the site and consists of 

vegetation deemed appropriate in an urban environment.  Suggested plants in this area 

are hardy, drought tolerant, and easily maintained. Thornless varieties of hardy species, 

such as the Thornless honeylocust (Gleditsia tricanthos var. inermis), are recommended, 

in order to prevent any harm to visitors. Refer to figure 7.6, p. 86 for images of 
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Figure 7.3. Perspective C: The reservoir.  

Source: Author.  



Texas Tech University, Kylee Cumby, December 2013 

85 

suggested plants in Zone A: Urban. 

Zone B: Park 

 Zone B consists of the playing field and surrounding shade trees. To 

accommodate multi-purpose play, turf is the most appropriate planting material for the 

park.  While most turf requires a substantial amount of water to survive, an alternative 

drought-tolerant native grass is recommended in order to minimize water use at the site. 

Buffalograss (Bouteloua dactyloides) is a fine-textured, low water-use grass appropriate 

for west Texas. However, other more innovative options exist, such as “Turffallo”; a 

hybrid buffalograss developed by Texas Tech’s Department of Plant and Soil Sciences 

partnered with Frontier Hybrids (Texas Tech University System Office of 

Communications and Marketing, the Texas Tech Alumni Association, Texas Tech 

Athletics and the Office of Institutional Advancement 2004). This unique turf grass 

provides the color and thick texture of Bermuda lawns while maintaining the hardiness 

of buffalograss. Large, drought-tolerant trees are proposed around the edges of the park 

to provide shade. Refer to figure 7.7, p. 87 for images of suggested plants in Zone B: 

Figure 7.5. Planting zone diagram. 

Source: Author  
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Figure 7.6. Suggested plants in Zone A: Urban. 

Sources: Top left, The University of Arizona and the Arizona Board of Regents 2012; top right, 

LaSauce 2011; middle left, Hagstrom 2011; middle right, Rosebrook Nursery 2012; bottom left, 

Orlando 2012; bottom right, Hohenberger 2010.  
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Figure 7.7. Suggested plants in Zone B: Park. 

Sources: Top left, Turffallo n.d.; top right, Kuo 2004; bottom left, Marlin 2007; bottom right, 

Hema P. 2010. 
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Park. It is important to note that the plants suggested for each zone are not completely 

exclusive to their corresponding zones. For example, all of the plants recommended for 

Zone A: Urban, would also be well-suited for Zone B: Park. However, the large trees 

recommended for Zone B may not be appropriate for Zone A due to their size. An urban 

environment presents several limiting growth factors for large trees, such as restricted 

space for the roots to spread, surrounding buildings, roads and sidewalks as well as 

power lines. 

Zone C: Remediation 

 Zone C refers to all contaminated soils requiring phytoremediation and 

bioremediation. The plants for phytoremediation differ, based on contaminants present 

within the soil. Total petroleum hydrocarbons are of concern in the playa basin. Plants 

known to degrade petroleum hydrocarbons, are mostly grasses; many native to the 

southern high plains. Several aquatic plants are also capable of degrading TPHs. Refer 

to figure 7.8, p. 89 for a section of the playa and recommendations for plants capable of 

phytoremediating or tolerating TPHs. Refer to Appendix B, table B.1, p. 126-127 for a 

comprehensive list of plants capable of phytoremediating TPHs and the mechanisms by 

which they accomplish this. While phytoremediation of the groundwater plume does not 

appear to be viable at this point, trees such as poplars (Populus) and willows (Salix) are 

still able to degrade pollutants in the soil through rhizodegradation. Preferring the moist 

soil near the playa, these trees will provide cover for wildlife and enhance the 

remediation processes. 

 Other contaminated areas, including the former sludge pits, excavated area and 

buried soil contain heavy metals as well as total petroleum hydrocarbons. Specific plants 

are able to extract heavy metals and store the contaminant in their stems, leaves or roots 

(Interstate Technology and Regulatory Cooperation 2001, 7). For example, Indian 

mustard (Brassica juncea), is able to extract several metals such as lead, zinc, cadmium, 

chromium, copper and nickel. The metals of concern in the sludge pits include copper, 

lead and nickel. Metals found in the excavated area include barium, copper, lead, 

magnesium and mercury, and metals found in the buried soil contain copper and zinc. 



89 

Texas Tech University, Kylee Cumby, December 2013 

Figure 7.8. Playa basin section. 

Source: Author 
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Refer to Appendix B, table B.2, p. 132-133, for a comprehensive list of plants capable 

of phytoremediating metals and the metal compounds they are able to remediate. Refer 

to figure 7.9, p. 91 for images of recommended plants able to phytoremediate organic 

and inorganic contaminants, such as petroleum hydrocarbons and metals.   

 While the phytoremediation mechanisms which function to eliminate petroleum 

hydrocarbons actually degrade or volatilize the contaminant, the main mechanism 

responsible for heavy metal removal is limited to extraction and storage within the plant 

(Interstate Technology and Regulatory Cooperation 2001, 7). As the plants absorb 

available metals, the roots become saturated and must be harvested for disposal. Further 

investigation on proper disposal or re-use of metal-saturated plants is recommended. 

Some research reveals opportunities by extracting valuable metals from the ashes of the 

harvested plants (Prasad and Freitas 2003, 289), otherwise known as “phyto-mining.” 

Zone D: Wildlife Preserve 

 Zone D: Wildlife preserve includes all conserved open space, excluding 

remediation areas and the park. Within the wildlife preserve, the vegetation’s purpose is 

to protect and enhance the remediation processes while providing habitat for wildlife. 

Recommendations include native or adapted plants to the southern high plains, some of 

which include woody plants; yucca (Yucca), acacia (Acacia) and sage (Artemisia). 

Native grasses and flowering perennials are suggested for additional aesthetic value and 

to provide food and cover for wildlife.  Many of the grasses recommended for 

phytoremediation of petroleum hydrocarbons are more than suitable for the wildlife 

preserve, for example blue grama (Bouteloua gracilis), sideoats grama (Bouteloua 

curtipendula), and little bluestem (Schizachyrium scoparius).  

 For height variation and shade along the nature trails, several drought-tolerant 

trees are recommended; a few of which are also suggested in Zone B: Park, shown in 

figure 7.7, p. 87. Proposed trees include a thornless variety of mesquite (Prosopis 

glandulosa Maverick), Arizona Ash (Fraxinus velutina), Laceback elm (Ulmus 

parvifolia) and Pecan (Carya illinoinensis). Willows (Salix) or cottonwoods (Populus) 

are more appropriate near the playa since they prefer moist soil and are able to 
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Figure 7.9. Suggested plants in Zone C: Remediation. 

Sources: Top left, Schneider 2004; top right, Lehmuskallio n.d.; middle left, Harper Adams 

University 2011; middle right, H. Zell 2010; bottom left, Gardner 2003; bottom right, Florum 

and Creative Commons 2006. 
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phytoremediate petroleum contaminants. Large groupings of trees and shrubs are 

recommended along the boundary of the site to protect the wildlife preserve from 

surrounding land uses. Refer to figure 7.10, p. 93 for recommended plants in Zone D: 

Wildlife preserve. 

Circulation 

 Circulation within the site is separated into two main areas, vehicular and non-

vehicular. The developed western portion of the site provides different classifications of 

roads and sidewalks for vehicles and pedestrians. The eastern section of the site is 

restricted to pedestrians and small all-terrain vehicles to protect the ephemeral wetland, 

wildlife habitat and phytoremediation processes.  

 Access to development on the site stems from State Highway 114 on Restoration 

Road, the collector arterial. This road follows along the western boundary of the site and 

provides entry points to the campus, community center, visitor center, market square 

and train station. Restoration Road is a simple two-lane street with a planted median that 

modifies into a left turning lane near an intersection. When traveling south on 

Restoration Road, the first point of entry into the site is provided by Reservoir Road, a 

minor collector street. Aptly named, Reservoir Road allows access to the visitor’s center 

and wildlife preserve. The community center and campus are also accessible from 

Reservoir Road. Continuing south along Restoration Road, the next entrance to the site 

is a small local street which provides entry to the parking structure and access to the 

parking behind the northern half of the market square.   

 The third access point to the site along Restoration Road is the main entrance to 

market square and the heart of activity; Main Street. Main Street is classified as a 

signature street, unlike any others on the site, due to its dense urban context. A narrow 

two-way road encourages cars to drive slowly, protecting pedestrians crossing the street 

and bikers in the adjacent bike lane. Angled parking is available along the frontage of 

Main Street, with more parking located in the interior openings behind the buildings.  

This encourages direct orientation of buildings to streets and provides pedestrians easy 

access to businesses and offices within the market square. Large, 15-20 foot sidewalks 
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Figure 7.10. Suggested plants in Zone D: Wildlife Preserve. 

Sources: Top left, Landscape Resources 2009; top right, Pippen 2008; middle left, Johnston 

Enterprises n.d.; middle right, Boulder Falls n.d.; bottom left, Kuo 2010; bottom right, Garden 

Oracle n.d. 
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circulate pedestrians while allowing space for outdoor seating areas and urban trees.  

 Following south along Restoration Road, past Main Street, is the final point of 

entry into the site; Greenway Boulevard. This boulevard provides access to the train 

station, then sweeps around the southern portion of the market square to connect to 

Main Street. Heading north from Main Street, Greenway Boulevard follows along the 

eastern edge of the playing field and eventually terminates at Reservoir Road. The north 

and southbound lane of Greenway boulevard differ to adapt to the specific conditions on 

either side of the road. Refer to figure 7.11, p. 95 for a section of Greenway Boulevard 

and suggested plants. Not only do the streets perform the important task of circulating 

visitors around the site, but they also function as stormwater infrastructure. 

Stormwater Management 

 One of the main goals for the site is to incorporate sustainable design principles, 

such as protecting and conserving water, optimizing site potential, and minimizing non-

renewable energy consumption. In relation to stormwater management, many of these 

goals are accomplished through the implementation of low impact development (LID) 

techniques. LID is a site design strategy with a goal of maintaining or replicating natural 

hydrologic functions such as storage, infiltration and groundwater recharge (U.S. 

Environmental Protection Agency (EPA) and Low Impact Development (LID) Center 

2000, 1). Functions are maintained through the use of integrated and distributed 

stormwater retention and detention areas, reduction of impervious surfaces and 

lengthening of flow paths and runoff time (1). Other strategies include preservation and 

protection of ecological infrastructure such as riparian buffers, wetlands, steep slopes, 

existing mature trees, floodplains and woodlands (1).  

 Most, if not all, LID techniques are represented in the master plan for the site. 

For example, many of the streets feature drainage swales or bioretention areas which 

also function as planted medians. Stormwater runoff from the roads are directed to these 

areas where plants filter the water and slowly release it through infiltration. The 

preservation of the playa at the site is an excellent example of a LID technique. All 

stormwater on the site flows to the playa which functions as a natural retention area and 
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Figure 7.11. Greenway Boulevard section, scale 1:50. 

Source: Author 
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aquifer recharge zone. Rain gardens, which are similar to bioretention areas but are 

typically smaller in size, are also present at the site.  Four rain gardens along Main 

Street feature curb cuts which allow runoff from the road to flow into the gardens. An 

example of this is shown in figure 7.3. Perspective B: Main Street, p. 81 (curb cuts and 

rain gardens are shown in the lower right and left hand corner of the vignette). 

 The use of pervious surfaces, such as pavers, porous concrete, or porous asphalt, 

allows for direct infiltration of stormwater. Ideally, many roads, parking lots and 

sidewalks in the highly developed portion of the site would be pervious. An example of 

a material suggested for the site is “Grasspave,” a porous paving material that provides 

load bearing strength while protecting vegetation root systems from compaction (see fig. 

7.12). Pervious materials, such as “Grasspave,” should be used in areas where a street or 

parking lot may encroach the critical root zone of trees. Grasspave is a good material to 

use in high foot traffic areas. However, since “Grasspave” has an organic wearing 

surface, it is only appropriate for low use, low vehicular traffic areas. Pavers or porous 

asphalt are more appropriate for high vehicular traffic areas such as the market square. 

 With only 17-21 inches of rain falling annually near Levelland, Texas (USDA 

and NRCS 2009b, 12), water is a scarce resource that should be conserved and 

Source: Invisible Structures, Inc. n.d.  

Figure 7.12. Grasspave2 system components 
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protected. Rainwater harvesting, which is the accumulation and deposition of rainwater 

for reuse, offers a sustainable solution to stormwater management by minimizing the 

amount of potable water consumed while reducing stormwater runoff, erosion and 

contamination of surface water with pesticides, sediments and fertilizers.  Rainwater 

harvesting provides an excellent source of water for landscape irrigation, especially in a 

dry climate like west Texas. Underground and above-ground rainwater cisterns should 

be considered where appropriate. For example, a cistern could be installed near the 

parking structure and market square to catch runoff from rooftops. A large underground 

cistern could be placed near the playing field to provide irrigation for the turf and 

surrounding landscape. In many cases, traditional approaches to stormwater 

management do not present the best option in relation to environmentally conscious 

design. Ranging from remediation to stormwater management, innovative technologies 

and new techniques must be considered to accomplish the goals set forth for the design 

of the site. 

Phases of Development 

 The site will be developed in a series of phases. Phase I consists of remediation 

of soil contamination and clean-up of the site. Phase II includes developing the northern 

portion of the site; the campus, the playing field, visitor center, community recreation 

center and circulation routes. Phase III, the final phase of development, includes 

construction of the market square, parking structure, and train station.  

Phase I: Remediation  

 The primary goal of the site is to remediate the contamination and restore the 

local habitat. The treatment train process, which includes landfarming, bioremediation 

and phytoremediation, should be the first phase of development since it takes a 

considerable amount of time to fully de-contaminate the site. Researchers estimate the 

amount of time needed to remediate a metal contaminated site can range from 1-20 

years (Prasad and Freitas 2003, 289). In preparation of phytoremediation, the issue of 

phytotoxicity must be addressed at the former MFC refinery site.  
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 A significant concern is the concentration of total petroleum hydrocarbons 

within the soil at the site. Most studies show that nearly all species growth is inhibited 

when TPH concentrations reach 25,000 ppm, but some species are able to tolerate 

concentrations of up to 50,000 ppm (Collins 2007, 104). Researcher Chris Collins 

recommends planting tolerant species at 30,000 ppm or 3% (104). He also notes that if 

the contamination has been subject to aging, the tolerable contamination levels may be 

higher because of the loss of phytotoxic elements in the soil (104). The TPHs at the site 

of the MFC refinery have been subject to 50+ years of aging so the tolerable 

contamination levels are most likely higher than 30,000 ppm, however, soil samples 

taken near the playa revealed significantly elevated TPHs well above 30,000 ppm 

(TNRCC 1997, 5). For instance, a sample taken in 1992 revealed that TPHs near the 

playa totaled 342,454 mg/kg (342,454 ppm or 34%) at 18” to 44” deep, 14,225 mg/kg 

(14,225 ppm or 14%) at 44” to 48” deep and 2,316 mg/kg (2,316 ppm or 2%) at 48”to 

72” deep (5). At approximately 340,000 ppm or 34%, the concentrations within the soil 

at the surface are more than 10 times the amount at which Collins recommends planting 

tolerant species.  

 In order to solve this issue, the author sought the expert advice of Gregory 

Thoma at the Department of Chemical Engineering, University of Arkansas. Professor 

Thoma participated in the field study at the RTDF site in El Dorado, Arkansas, 

presented in Chapter III: Research and Case Studies, p. 9. Professor Thoma has first 

hand experience with the successful implementation of phytoremediation on sites 

contaminated with TPHs and PAHs. Professor Thoma confirmed that phytoremediation 

was possible as long as substantial soil preparation was performed before planting 

species capable of phytoremediation (Thoma 2013). Thoma stated that soil concentrated 

with 34% petroleum hydrocarbons is compacted, much like asphalt, and is not 

conducive to plant growth (Thoma 2013). Thoma recommended extensive mechanical 

fracturing of the soil in the form of disking, harrowing and plowing in order to provide a 

more suitable growth environment for the plants (Thoma 2013). Subsequent to tilling 

the soil, the addition of fertilizer and water is required to increase microbial activity (i.e. 
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landfarming), which stimulates degradation of TPHs and phytotoxic compounds 

(Thoma 2013).  Landfarming provides the additional benefit of photooxidizing stubborn 

PAHs which reduces contaminant concentrations, also allowing healthy plant growth 

(Huang et al. 2004, 466). Thoma recommended cow manure as a fertilizer, indicating 

the ease at which it could be obtained considering the number of dairy farms near the 

site (Thoma 2013). Thoma suggested tilling the soil and adding fertilizer every few 

months until TPH concentrations have reached an acceptable level for plant growth 

(Thoma 2013). In addition to fertilizers, researchers recommend applying plant growth 

promoting rhizobacteria (PGPR) and specific contaminant degrading bacteria prior to 

planting species for phytoremediation (Huang et al. 2004, 466).  Further research on the 

process of introducing different types of bacteria to the contaminated soil is suggested. 

Additional research is recommended in relation to utilizing seeds versus established 

plants for the phytoremediation of TPHs. Thoma stated that “sprigging” grasses instead 

of planting seeds may provide a better chance for survival in TPH contaminated soil 

(Thoma 2013).  

 Suggestions provided here facilitate successful implementation of 

phytoremediation at the site of the former MFC refinery. If remediation efforts are 

applied, the site has the potential to be an important case study contributing to the base 

of knowledge about phytoremediation as an ecologically conscious remediation 

approach. Further investigation of the treatment train process on aged petroleum 

contamination and the role of phytoremediation in ecological restoration may also be 

studied. Additional research on specific plants and their ability to phytoremediate under 

the conditions present at the former MFC refinery site is another area of inquiry.   

Phase II: North Development 

 While development is separated into phases, the commencement of Phase II may 

begin before the completion of Phase I: Remediation. As plants establish and 

remediation progresses, the second phase may begin in order to bring visitors and 

revenue to the site. The addition of the visitor center, playing field, hiking and biking 

trails, and community center create educational opportunities and recreational activities 
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for visitors. Restoration of the playa and surrounding preserve will attract more wildlife 

to the site, creating a diverse and visually interesting environment. The campus and 

greenhouse are also constructed during this phase, providing research opportunities and 

facilities for students, researchers and professors. Plot tests, field studies and 

experiments may all be happening simultaneously at the greenhouse, education 

extension center and/or phytoremediation areas.   

Phase III: South Development 

 As Levelland and Lubbock continue to expand in size and population, the 

introduction of the market square, parking structure and train station are appropriate.  

The mixed-use district offers a variety of goods, services and entertainment 

opportunities. In order to accommodate more people visiting the site daily, the parking 

structure is constructed near the market square and campus. The train station provides 

access to the site from major cities within Texas and the U.S.  

 The former MFC refinery site has the potential to be a valuable case study, 

representing environmentally conscious remediation, restoration and re-development. 

The Master Plan reflects a functional, effective, and aesthetic design solution, while 

providing a variety of goods and services as well as educational and recreational 

opportunities. The former MFC refinery is no longer a lifeless, contaminated dump but 

rather a dynamic, restored, and productive site providing multiple uses as well as 

ecological functions. 
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CHAPTER VIII 

CONCLUSION 

 In 2014, 60 years will have passed since the former Motor Fuels Corporation 

refinery closed its doors and its eyes to the polluted site it left behind. While much has 

changed since 1954, the contamination and subsequent threat to the local community 

and environment remain. The EPAs recent remedial treatments address the groundwater 

contamination but neglect removing or reducing the contaminants remaining in the soil. 

In order to prevent further harm to the local community and environment, contaminated 

sites such as the former MFC refinery must be remediated. Restoring and redeveloping 

hazardous waste sites improves quality of life, revitalizes the local economy, protects 

open space, and promotes responsible growth. Exemplifying the ideals of environmental 

stewardship, Landscape Architecture is capable of providing innovative and inspiring 

design solutions for sites in need of reconciliation. 

 The method by which the site is remediated is just as significant, if not more 

important, than the final outcome. Research on remediation methods revealed that, in 

comparison to other methods, phytoremediation and bioremediation offer cost-effective, 

minimally-invasive, sustainable solutions to sites polluted with organic and inorganic 

contaminants. After thorough investigation of the site’s physical attributes and 

conditions, phytoremediation and bioremediation were confirmed as suitable 

remediation approaches for the former MFC refinery. Further inventory and analysis 

revealed redevelopment opportunities which conceptualized the site providing a 

multitude of uses by taking advantage of existing infrastructure. The master plan for the 

former MFC refinery site represents sustainable design through the implementation of 

ecologically conscious remediation methods, employment of low-impact development 

techniques and utilization of environmental design principles. The selected remediation 

methods restore the site to its full potential, enhancing it’s aesthetic quality, intrinsic 

value and functional abilities as ecological infrastructure. 

 Recommendations for further research include an in-depth analysis of the 
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contaminants left in the soil at the former MFC refinery site and their potential threat of 

continued groundwater pollution. Further analysis of what is considered “acceptable” or 

“unacceptable” in terms of contamination concentrations is also advised. During the 

phytoremediation processes, potential issues arise when disposing of the metal-saturated 

plant material. Further research regarding “phyto-mining” and its potential as a solution 

to the issue of disposal is suggested. Hydraulic control, or the use of water-loving trees 

to mitigate contaminant migration to the groundwater, is also another area of study that 

deserves more research. Innovative remediation technologies, such as phytoremediation 

require further investigation and experimentation in order to improve the technologies' 

effectiveness and its applicability in different conditions. The need for cost-effective, 

environmentally friendly remediation solutions is made apparent by the alarming 

number of hazardous wastes that exist in the U.S. today.  

 As of October 2013, the EPA specified over 1,300 sites on the NPL and more 

than 50 proposed to be included (U.S. EPA 2013, under “NPL Site Totals by Status and 

Milestone”). Responsible parties of these hazardous waste sites cannot be identified, 

which places the responsibility of clean-up on the American taxpayer. While measures 

should be taken to heal and redevelop contaminated sites, a new paradigm shift, which 

promotes a proactive approach to environmental issues is also imperative. The old adage 

of “act now, fix later” is unacceptable, given that some mistakes are capable of causing 

detrimental, long-term effects to the environment and future generations. While the 

enactment of certain laws, such as CERCLA, provided for liability of persons 

responsible for release of hazardous wastes at sites, there still needs to be assurance that 

people or corporations are able to provide funds for the clean-up of their own 

contamination. Ignorance of the harmful effects of human-generated pollution on the 

environment is no longer an excuse. The advancement of science in “green” 

technologies and renewable energy resources is changing the way society functions in 

an effort to reduce negative impacts on the environment and improve quality of life.  

 In conclusion, this thesis explores how Landscape Architecture incorporates 

innovative scientific technologies (i.e. bioremediation and phytoremediation) with 
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creative and sustainable design solutions in an effort to restore and re-develop a 

contaminated site. It is important that landscape architects are knowledgeable about 

hazardous waste sites and the ecologically-conscious remediation options available, in 

order make prepared and informed design decisions. Through design, the profession of 

Landscape Architecture is able to educate the public about ecologically conscious 

remediation and raise awareness of environmental issues. Education and awareness are 

both influential and effective weapons in the fight to protect earth’s natural, constructed 

and human resources. 
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APPENDIX A 

CHARACTERISTICS OF PETROLEUM AND THE PROCESS OF 

REFINING 

 In order to understand the effects a petroleum refinery might have on the local 

environment and community, the process of refining and properties of refined crude oil 

need to be identified. Petroleum, or rock oil, is a naturally occurring flammable liquid 

found in the Earth’s crust (Nancarrow et al. 2001, 6). Crude oil consists of a complex 

mixture of hydrocarbons of various molecular weights and organic compounds (Kathi 

and Khan 2011, 56). These hydrocarbons and organic compounds include saturated 

hydrocarbons (normal alkanes, isoalkanes and cycloalkanes), unsaturated hydrocarbons 

(alkenes and aromatic and polycyclic aromatic hydrocarbons (PAHs)) and NSOs 

(nitrogen, sulfur and oxygen compounds) (Nancarrow et al. 2001, 6). 

 Since crude oil is very rarely used in the form produced at the well, refineries 

must exist to produce usable products. The most common products of petroleum 

distillation include gasoline, kerosene, diesel fuel, jet fuel, and domestic and industrial 

fuel oils (7). Petroleum products are complex mixtures of hundreds of hydrocarbon 

compounds.  These compounds range from light, volatile, short-chained organic 

compounds to heavy, long-chained, branched compounds (Centers for Disease Control 

and Prevention 2011, 18). The composition of crude oil depends on the source of the oil 

and the refining practices used to produce the product (18). 

 While refining practices differ, refining, essentially involves two stages. The first 

stage involves separation by fractional distillation into ranges based on boiling point 

(Nancarrow et al. 2001, 7). In fractional distillation the compound is heated and, as each 

of its constituent components comes to a boil, its vapors are separated and cooled, so it 

can be removed in its pure form.  The second stage involves chemical separation by 

alkylation, cracking, coking, isomerisation, reforming, polymerization and hydrogen 

treatment (7). The boiling point ranges correlate with carbon chain length; a higher 
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 carbon chain is related to higher boiling points (Collins 2007, 100). Refer to table A.1 

for carbon ranges and associated boiling point ranges of different fuels and oils. 

 Since there are so many different chemicals in petroleum products, many 

scientists measure petroleum hydrocarbon contamination by referring to total petroleum 

hydrocarbons (TPH) (Collins 2007, 100). It is not  practical to measure each of the 

several hundred chemical compounds within TPH, which include alkanes (e.g. methane, 

ethane, and propane), aromatic hydrocarbons (e.g benzene, toluene, ethylbenzene and 

xylene, collectively known as BTEX) and polycyclic aromatic hydrocarbons (e.g. 

naphathelene, phenanthrene, anthracene and benzo(a)pyrene) (Frick, Farrell and 

Germida 1999, 1). 

 Total petroleum hydrocarbons are classified into different fractions (Kathi and 

Khan 2011, 56).  These fractions or groups act alike in soil or water and exhibit different 

environmental effects. Fractions 1 (C6-C10) and 2(C10-C16) are volatile and semi-

volatile (evaporate rapidly), whereas fractions 3 (C16-C33) and 4 (C34-C50) are 

incapable of dissolving with water and are fairly stable (56). Compounds from fractions 

3 and 4 can be highly toxic due to their carcinogenic nature (56).  Fractions 1 and 2 are 

associated with light crude oils which tend to have more gasoline, naphtha and kerosene 

while the heavy crudes (fractions 3 and 4) tend to have more gas oil and residue 

Table A.1. Carbon number ranges and associated boiling point ranges of different fuels and oils  

Source: Data from Collins 2007, table 1, p. 100. 

Fuel or oil Carbon number range B.p. range (°C) 

Petroleum C4-C12 40-200 

Jet Fuel C5-C14 150-275 

Kerosene C6-C16 150-300 

Diesel C8-C21 200-325 

Motor Oil C18-C34 325-600 
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 (Nancarrow et al. 2001, 19). In general, there is less likelihood of finding light 

hydrocarbon (i.e. gasoline) contamination of soil or groundwater because this compound 

will degrade easily (20). 

 In relation to human health when exposed to total petroleum hydrocarbons, the 

primary constituents of concern are aromatic hydrocarbons (i.e. BTEX), polycyclic 

aromatic hydrocarbons (PAHs), gasoline additives (e.g. MBTE) and combustion 

emissions (e.g. carbon monoxide, benzene, and formaldehyde) (Exponent 2010). The 

EPA and the International Agency for Research on cancer (IARC) have determined that 

benzene, a TPH compound, is carcinogenic to humans (Centers for Disease Control and 

Prevention n.d.). The EPA identifies over 21 chemicals in the category of PAHs as 

Priority Chemicals (U.S. Environmental Protection Agency (EPA) Office of Solid 

Waste and Emergency Response (OSWER) 2008, 1). The EPA suggests there is no 

information available from studies on humans to tell what effects can result from being 

exposed to individual PAHs at certain levels (2). However, the EPA does suggest that 

breathing PAHs and skin contact may be associated with cancer in humans (2). Studies 

shows that mice exposed to specific PAHs (benzo(a)pyrene) caused birth defects, and 

problems in the liver and blood (2). PAHs are comprised of several aromatic rings, 

which means they are immobile and highly persistent in the environment (2).  

 The process of refining involves other chemical compounds that can create 

negative environmental and human health impacts as well. There are a number of 

chemicals and additives refineries use in their process plants for blending into finished 

products (Nancarrow et al. 2001, 7). These may include catalysts (usually metals or 

metal compounds), acids and alkalis, organolead compounds and oxygenates such as 

methyl tertiary butyl ether (MTBE) and tertiary amyl methyl ether (TAME) for octane 

enhancement, solvents and laboratory chemicals (7). 

 At the refinery, on-site processes can generally be grouped under distillation, 

process area(s), storage area(s), product transfer and loading/unloading and waste 

disposal area(s) (11). Likely contamination sources are associated with drainage system 

channels, retention ponds, filling stations, waste storage and on-site disposal areas, 
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 including soakaways (20). Other factors, such as site age and purpose influence site 

activities and waste management practices. Although specific processes differ between 

sites, the major contaminant types are common to most refinery sites (19). 

 Refineries generate what is known as process wastes, which may include oily 

sludge’s from tanks and wastewater treatment, spent catalysts, furnace linings and ash 

(14). In the past, catalyst waste was commonly buried (15). However, more expensive 

catalysts containing platinum or rhodium were almost always recovered, as their price 

justified the expense of recovery (15). Cheaper catalysts based on copper, cobalt, nickel 

and others were not worth the expense of recovery and were often disposed of on site 

(15). Today, improved practices and increasing landfill costs have led to most catalyst 

waste being recovered.   

 Another common originating source of contamination from refineries is tank-

bottom sludges (15). In the past, tank bottom sludges from crude oil and process tanks 

were disposed of in on-site pits (15). This appears to be the case with the Motor Fuels 

Corporation refinery site. As covered in Chapter IV: Inventory, p. 22 five pits were 

found on site, which contained “tarry hydrocarbon-like sludge” (Texas Natural Resource 

Conservation Commission 1997, 4).  

 Today, most refineries practice landfarming off-site, which essentially involves 

spreading and ploughing sludge in the fields to allow aerobic decomposition of 

petroleum hydrocarbons by bacteria in the soil (Nancarrow et al. 2001, 15). Most 

refineries in operation today, centrifuge the sludge prior to disposal in order to remove 

as much oil as possible and reduce the volumes needing disposal (15). In addition to 

total petroleum hydrocarbons (TPH) such as polycyclic aromatic hydrocarbons (PAHs), 

the sludges contain varying quantities of heavy metals, due to the presence of the crude 

oil but possibly also from additives and, in the case of gasoline, may contain tetraethyl 

lead or tetramethyl lead (15). While landfarming may help to degrade some components 

of petroleum hydrocarbons, it is not effective for remediation of larger, more water-

resistant PAHs (four rings or larger) (Huang et al. 2004, 469). Other remediation 

methods are capable of degrading the inorganic and organic contaminants, including 
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 PAHs, found in refinery wastes.  These are covered in the following appendix, 

Appendix B: Remediation Mechanisms. 
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APPENDIX B 

REMEDIATION MECHANISMS 

 The site of the former MFR is contaminated with organic (petroleum 

hydrocarbons) and inorganic (metals) pollutants (TNRCC 1997, 4). It is important to 

understand how phytoremediation or bioremediation function to degrade, volatilize, 

stabilize or extract contaminants in order to evaluate the remediation method’s potential 

success at the former MFR site.  

Remediation Mechanisms for the Removal of Petroleum Hydrocarbons  

Phytoremediation Mechanisms of Petroleum Hydrocarbons 

 It is important to understand how phytoremediation functions to remediate each 

type of contaminant and what plants, specifically, aid in the process of remediation. 

Phytodegradation, rhizodegradation, phytostabilization, and phytovolatilizaton are 

mainly responsible for degrading organic contaminants, such as PAHS and aromatic 

hydrocarbons (ITRC 2001, 4). 

 Phytodegradation, also called phytotransformation, refers to the uptake of 

organic contaminants, e.g. petroleum hydrocarbons, from the soil or water, then 

degradation of the contaminant within the plant (8). Depending on several factors, such 

as plant species and site conditions as well as concentration and composition, the 

organic contaminant may be able to pass through the rhizosphere into the plant itself (8). 

If this occurs, the contaminants are subject to degradation within the plant and the 

products left over are stored in the plants tissues.  

 Phytodegradation of certain petroleum hydrocarbons is limited, due to a 

chemical characteristic that influences it’s uptake into a plant. This characteristic is 

called an octanol-water partition coefficient, Kow (9). Chemicals that have been shown 

to be able to enter into the plant have been roughly characterized as having log Kow 

values between 1 and 3.5 (9). Chemicals having log Kow values greater than 3.5 cannot 

be easily translocated into plants due to low water solubility and the strength at which 
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 these chemicals are bound to the surface of roots (9). Most benzene, toluene, ethyl-

benzene, and xylene (BTEX) chemicals, chlorinated solvents and short-chain aliphatic 

chemicals fall within the log Kow range that allow them to be susceptible to 

phytodegradation (9). 

 The Motor Fuels Corporation refinery is contaminated with various PAHs, such 

as naphthalene, fluorene, phenanthrene, pyrene and chrysene as well as aromatic 

hydrocarbons such as BTEX (Texas Natural Resource Conservation Commission 1997, 

12). As mentioned, BTEX falls within the log Kow range which allows the chemicals to 

be susceptible to phytodegredation. However, most of the PAHs (naphthalene, being the 

exception) have a log Kow values greater than 3.5, which means they are not sufficiently 

soluble to be subject to phytodegradation (Ferreira 2000, 138). Some PAHs also present 

problems such as phytotoxicity in plants.  

 While phytodegredation presents certain limitations, rhizodegradation is more 

likely to assist in the degradation of petroleum hydrocarbons. Rhizodegradation, which 

is also called phytostimulation, rhizosphere degradation or plant-assisted 

bioremediation, is the breakdown of organic contaminants in the soil by microorganisms 

that exist in the rhizosphere (ITRC 2001, 6). The rhizosphere is the area of soil that 

surrounds the roots of a plant. Rhizodegradation or the “rhizosphere effect” is the 

process by which plants provide root exudates of carbon, energy, nutrients enzymes and 

sometimes oxygen to microbial populations in the rhizosphere (Ndimele 2010, 718). 

The type and quantity of root exudates are dependent on plant species and the stage of 

plant development (719). Other factors affecting root exudates include soil types, 

nutrient levels, pH, water availability, temperature, oxygen status, light intensity and 

atmospheric carbon dioxide concentration (719). Due to these exudates, microbial 

populations and activities are 5-100 times greater in the rhizosphere of soil complete 

with plants and roots than in soil not in contact with roots (718). An active population of 

microorganisms, with the help of root exudates, are the primary mechanism of 

degradation of petroleum hydrocarbons. The microbes are able to convert petroleum 

hydrocarbons into less harmful substances, such alcohol, acids, carbon dioxide and 
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 water (718). These end products are less toxic and less persistent in the environment 

than its parent compounds. 

 During phytoremediation of petroleum hydrocarbons, the physical and chemical 

effects of plants and their root systems on soil conditions are also important in relation 

to the remedial process. Ndimele believes that the release of root-associated enzymes is 

capable of transforming organic pollutants by causing a chemical reaction in the soil

(2010, 719). Other researchers have also identified plant enzymes as the reason for the 

transformation of contaminants mixed with sediment and soil (719). These findings 

suggest that plant enzymes may have a significant effect on the degradation of 

contaminants and temporal effects continuing after the plant has died.  

 Another way plants can stabilize contaminants is through phytovolitization, 

which refers to a plants ability to take up water-soluble contaminants (inorganic and 

organic) and release them into the atmosphere by means of transpiration (ITRC 2001, 

10). As the plant metabolizes and translocates the contaminants to its leaves, the 

properties of the contaminant may be altered (10). Some contaminants can pass through 

the plants to the leaves and volatize into the atmosphere at fairly low concentrations 

(10). The main process goal of phytovolitization is remediation by extraction from the 

affected media and release into the air (10). 

 While plants are able to degrade, stabilize or contain contaminants, plants also 

significantly affect the local hydrology. Evapotranspiration refers to the ability of plants 

to uptake or transpire water from the subsurface or intercepted water during a rain event 

(ITRC 2001, 11). The intercepted water is evaporated directly back into the atmosphere, 

preventing water from infiltrating the ground surface. This technique of rain water 

interception through vegetated ground cover can be utilized to limit groundwater 

recharge if there is concern of migration of contaminants into groundwater. If the rain is 

not intercepted by the plant leaves and manages to reach the ground, it is then subject to 

the transpirational uptake by the plant root systems (11).   

 Hydraulic control, which is also known as phytohydraulics, is the use of plants 

and trees to rapidly take up large volumes of water in order to contain or control the 



Texas Tech University, Kylee Cumby, December 2013 

123 

 migration of subsurface water (12). Particularly, this is true for groundwater that has 

been tapped into by deep-rooted species such as prairie plants and trees (12). 

 Phreatophytes, which are deep-rooted, high-transpiring, riparian trees, have been 

widely studied in the area of phytohydraulics (12). Typical phreatophytes include 

cottonwoods (Populus), poplars (Populus), and willows (Salix) (12).  In order to 

minimize or prevent groundwater and plume migration, phreatophytes can be used to 

create a hydraulic barrier (16). For plume control, the trees must be actively tapping into 

the groundwater to take up and transpire contaminants (17). Furthermore, a relatively 

large number of trees are generally required to achieve sufficient control and should be 

concentrated at the down-gradient edge of the plume (17).  

 Plant Species for the Phytoremediation of Petroleum Hydrocarbons. Many 

studies suggest that grasses and legumes have the most potential to facilitate the 

phytoremediation of petroleum hydrocarbons (Ndimele 2010, 716).  Prairie grasses have 

been proposed by many researchers due to their extensive, fibrous root systems (716). 

Grass root systems have maximum root surface area (per square feet of soil) of any plant 

type and may penetrate the soil up to a depth of  15 feet, as illustrated in figure B.1, p. 

124 (716).  

 Grasses are also genetically diverse which gives them an advantage in becoming 

established under poor soil conditions (716). Legumes are beneficial due to their ability 

to fix nitrogen, which means they do not have to compete with micro-organisms and 

other plants for limited supplies of available soil nitrogen at oil-contaminated sites 

(717). This nitrogen is also beneficial for microbial activity (Collins 2007, 103). 

 The Research Technologies and Development Forum (RTDF) also suggest a 

combination of cool and warm season grasses with a legume for the phytoremediation of 

petroleum hydrocarbons (103). The RTDF is a partnership of the EPA to develop and 

improve remediation technologies. The RDTF developed a field study protocol of the 

phytoremediation of petroleum hydrocarbons with specific treatments (Kulakow and 

Erickson 2001, 284). The treatments were applied to 11 sites during a field trial (284). 

One of the sites (i.e. Site J in El Dorado, Arkansas) is described in more detail in 
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Figure B.1. Typical rooting depths of natural prairie species 
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 Chapter III, p. 9. These treatments included a combination of cool and warm season 

grasses with a standard mixture of rye, legume and fescue (284).  Plants that are known 

to be adapted to the local environment were chosen (284). 

 Specific plants with a demonstrated potential to phytoremediate petroleum 

hydrocarbons are illustrated in table B.1, p. 126-127. Many of the grasses listed in table 

B.1 are native to the high plains area of Texas (Diamond, n.d.), subsequently making the 

site of the former Motor Fuels refinery a perfect location to study the phytoremediation 

of petroleum hydrocarbons using grasses.  

Bioremediation Mechanisms of Petroleum Hydrocarbons 

 While plant enzymes and root exudates help to degrade petroleum hydrocarbons, 

the use of microorganisms to degrade or immobilize contaminants in the absence of 

plants, or bioremediation, also holds potential to effectively remediate petroleum 

hydrocarbons (Ndimele 2010, 719). Bioremediation can occur on its own (natural 

attenuation) or can be encouraged with the addition of fertilizers to enhance the activity 

of microbial populations (biostimulation) (The International City/County Management 

Association (ICMA) 2000, V-3). Typically, nutrients or oxygen are circulated in 

aqueous solutions through contaminated soil and groundwater, which stimulates 

bacterial activity (V-3). Contaminants usually targeted for enhanced bioremediation are 

petroleum hydrocarbons, solvents, pesticides, wood preservatives, and other organic 

chemicals (V-3). 

 It is important to understand that the bioremediation of oil components (i.e. 

aromatic hydrocarbons and polycyclic aromatic hydrocarbons) is restricted by their 

volatility, toxicity and bioavailability (Kathi and Khan 2011, 56). This depends on the 

length of the carbon chain. Oil components with a short length carbon chain can easily 

evaporate (i.e. gasoline) while molecules with longer carbon chains or complicated 

molecular structures persist in the soil because they are less susceptible to degradation 

(56). The Motor Fuels refinery produced gasoline, tractor fuels, diesel, distillate 

products and fuel oils (Texas Commission on Environmental Quality 2008, 2). As 

shown previously, in table A.1 p. 116, all of these refined products range in carbon 
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Table B.1. Plants with a demonstrated potential to phytoremediate petroleum hydrocarbons 

Botanical Name Common Name Plant Type Mechanism 

Agropyron smithii Western wheatgrass  Grass Phytostabilization 

and rhizodegradation 

Andropogon gerardi Big bluestem Grass Phytostabilization 

and rhizodegradation 

Betula pendula Birch  Tree Rhizodegredation 

Bouteloua curtipendula Sideoats grama  Grass Phytostabilization 

and rhizodegradation 

Bouteloua gracilis Blue grama  Grass Phytostabilization 

and rhizodegradation 

Buchloe dactyloides Common buffalograss  Grass Phytostabilization 

and rhizodegradation 

Buchloe dactyloides var. Prairie Prairie buffalograss  Grass Phytostabilization 

and rhizodegradation 

Chloris gayana Bell rhodesgrass  Grass Phytostabilization, 

rhizodegradation and 

phytovolitilization 

Cynodon dactylon L. Bermuda grass  Grass Phytostabilization 

and rhizodegradation 

Daucus carota Wild carrot Small shrub Phytostablization, 

rhizodegradation and 

phytoaccumulation 

Elymus canadensis Canada wild-rye  Grass Phytostabilization 

and rhizodegradation 

Festuca arundinacea Schreb Tall fescue  Grass Phytostabilization 

and rhizodegradation 

Festuca rubra var. Arctared Arctared red fescue  Grass Phytostabilization 

and rhizodegradation 

Glycine max Soybean  Groundcover or 

small shrub 

(legume) 

Rhizodegradation, 

phytostabilization 

and 

phytoaccumulation 

Lemna gibba Duckweed  Aquatic plant Phytostabilization 

and rhizodegradation 

Lolium multiflorum Ryegrass or perennial ryegrass  Grass Phytostablization, 

Rhizodegradation 

and 

phytodegredation 
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Sources: Data adapted from Ndimele 2010, 718, table 1; Frick, Farrell and Germida 1999, 6 & 

10-13; Cook and Hesterberg 2013, 846. 

Table B.1. Continued 

Botanical Name Common Name Plant Type Mechanism 

Lolium perenne L. Annual ryegrass  Grass Phytostabilization, 

rhizodegradation and 

phytodegradation 

Medicago sativa L. Alfalfa  Small shrub

(legume) 

Rhizodegradation, 

phytostabilization, 

phytohydraulics, 

phytoaccumulation, 

phytodegradation and 

phytovolatilization 

Morus rubra Red mulberry  Tree Rhizodegradation  

Panicum coloratum var. Verde Verde kleingrass  Grass Phytostabilization 

and rhizodegradation 

Panicum virgatum Switchgrass Grass Phytostabilization 

and rhizodegradation 

Phaseolus vulgaris Bush bean  Small shrub or 

vine 

(legume) 

Rhizodegradation 

and 

phytoaccumulation 

Populus deltoides x nigra Poplar  Tree  Phytohydraulics and 

rhizodegradation 

Salix spp. Willow  Tree Phytohydraulics and 

rhizodegradation 

Schizachyrium scoparius Little bluestem Grass Phytostabilization 

and rhizodegradation 

Sorghastrum nutans Indiangrass  Grass Phytostabilization 

and rhizodegradation 

Secale cereal L. Winter rye  Grass Phytostabilization 

and rhizodegradation 

Sorghum bicolor Sorghum  Grass Phytostabilization 

and rhizodegradation 

Sorghum vulgare L. Sudangrass  Grass Phytostabilization 

and rhizodegradation 

Zoysia japonica var. Meyer Meyer zoysiagrass  Grass Phytostabilization 

and rhizodegradation 
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 chain lengths. Consequently, the sludge which contaminated the site may contain 

petroleum hydrocarbons which are be less susceptible to bioremediation alone.   

“Treatment Train” Remediation of Petroleum Hydrocarbons  

 Since phytoremediation and bioremediation of petroleum hydrocarbons present 

limitations when used alone, a multi-process system may be more effective when 

remediating sites contaminated with persistent contaminants, such as PAHs. Researchers 

at the Department of Biology at the University of Waterloo in Ontario, Canada 

identified a multi-process phytoremediation system for the removal of polycyclic 

aromatic hydrocarbons (PAHs) from contaminated soils (Huang et al. 2004, 465), which 

is covered in Chapter III, Summary of Research and Case Studies, p. 16.  

Remediation Mechanisms for the Removal of Heavy Metals 

 Soil at the site of the former Motor Fuels refinery is contaminated with heavy 

metals, which include barium (Ba), cadmium (Cd), chromium (Cr), copper (Cu), lead 

(Pb), mercury (Hg), manganese (Mn), nickel (Ni), selenium (Se), vanadium (V) and zinc 

(Zn) (Texas Natural Resource Conservation Commission 1997, 12). This section will 

discuss the phytoremediation of heavy metals, its limitations and plants known to 

extract heavy metals (i.e. hyperaccumulators).  

Phytoremediation Mechanisms of Heavy Metals 

 The metals susceptible to phytoremediation include, arsenic (As), boron (B), 

cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), mercury (Hg), manganese 

(Mn), nickel (Ni), lead (Pb), selenium (Se),  silver (Ag), titanium (Ti) and  zinc (Zn) 

(Sarma 2011, 123-124; Henry 2000, 11). In more recent studies, barium (Ba) vanadium 

(V) have been shown to be susceptible to phytoremediation as well (Li et al. 2011, 646; 

Makuya et al. 2012, 689). Certain metals or metalloids, such as arsenic, cadmium, 

chromium, cobalt, lead, nickel and vanadium are considered carcinogenic to humans by 

the International Agency for Research on Cancer (Sarma 2011, 119).  

 Generally, phytotechnology mechanisms that remediate inorganic contaminants, 
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 e.g. heavy metals, are phytoaccumulation, rhizofiltration, phytovolatilizaton and 

phytostabilization (Interstate Technology and Regulatory Cooperation 2001, 4). 

Phytoaccumulation, also called phytoextraction, refers to the use of metal- or salt-

accumulating plants to translocate inorganic soil contaminants into the roots, shoots or 

leaves (7). The mechanism of phytoextraction is mainly accomplished through 

hyperaccumulators, which is a plant species capable of accumulating 100 times more 

metal than a common non-accumulating plant (Henry 2000, 18). For a plant to be 

considered a hyperaccumulator, it must be able to accumulate at least 1,000 mg/kg (dry 

weight) of a specific metal (Roy et al. 2005, 277). Most hyperaccumulator species 

accumulate Ni, while others accumulate Cd, Cu, Pb and Zn (Henry 2000, 18).  

 The main limitations of hyperaccumulator species is slow growth, shallow root 

systems and small biomass production (19). Another potential problem arises when the 

metal accumulated plants must be harvested and disposed of properly. Limiting factors 

of phytoaccumulation or phytoextraction are metal bioavailability within the 

rhizosphere, rate of metal uptake by the roots, rate of xylem loading/translocation to the 

shoots, and the plants toxic metal tolerance (19).  In order for this remediation method to 

succeed the plants must (1) extract large amounts of heavy metals into their roots, (2) 

translocate the heavy metal into the surface biomass, and (3) produce a large quantity of 

plant biomass (19).   

 Generally, readily bio-available inorganics for plant uptake include cadmium,  

nickel, zinc, arsenic, selenium and copper (Interstate Technology and Regulatory 

Cooperation 2001, 7). Moderately bio-available metals are cobalt, manganese and iron.  

The least bio-available inorganics for plant uptake are lead, chromium and uranium (7). 

Some metals can be made much more bio-available by the addition of chelating agents, 

such as ethylene diamine tetra-acetic acid (EDTA) to soils (Roy et al. 2005, 278). Other 

metal chelating agents include HEDTA, and EDDHA (Prasada & Freitas 2003, 294). 

Chelators are mostly applied to soils to make metals such as Cd, Cu, Ni, Pb and Zn 

more bio-available (294).  

 In practice, phytoextraction should be understood as a long-term remediation 
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 effort. In order to completely remove contaminants, many cropping cycles are required.  

The amount of time needed to remediate a metal contaminated site can range from 1-20 

years (Prasad and Freitas 2003, 289). Phytoextraction is most suitable for remediation of 

large area, contaminated at shallow depths with low to moderate levels of contaminants 

(289).  

 Another phytoremediation mechanism capable of remediating metal 

contamination is rhizofiltration. This mechanism is primarily used to remediate 

extracted groundwater, surface water and wastewater with low contaminant 

concentrations. Rhizofiltration is defined as the use of plants, both terrestrial and aquatic 

to absorb, concentrate and precipitate contaminants from polluted waters in their roots 

(Henry 2000, 21). The process involves raising plants hydroponically and transplanting 

them into metal-polluted waters where plants absorb and concentrate the metals in their 

roots (Prasad & Freitas 2003, 287). As the plants absorb available metals, the roots 

become saturated and must be harvested for disposal. Rhizofiltration can be used for Pb, 

Cd, Cu, Ni, Zn and Cr (287). These metals are retained within the roots of the plants.   

 Some plants studied for their ability to remove lead from water are Sunflower, 

Indian mustard (Brassica juncea), tobacco (Nicotiana tabacum), rye (Secale cereale), 

spinach (Spinacia oleracea), and corn (Zea mays) (Henry 2000, 21). Sunflower’s 

(Helianthus annuus) present the greatest ability to extract lead from water (21). In one 

study, after only one hour of treatment, sunflowers reduced lead concentrations 

significantly (21). An advantage associated with rhizofiltration is that the contaminants 

do not need to be translocated to the shoots, allowing the use of species other than 

hyperaccumulators. Limitations of rhizofiltration include the constant monitoring of pH, 

periodic harvesting and plant disposal, and the plants may first need to be grown in a 

greenhouse or nursery (22). 

 The phytoremediation mechanism of phytovolatilizaton is the use of plants to 

take up contaminants from the soil, transform them into gaseous forms and transpire the 

contaminants into the atmosphere (22). Some metal contaminants such as As, Hg, and 

Se may exist as gases in the environment. Phytovolatilizaton of heavy metals is 
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 controversial since the release of these elements into the atmosphere may not be safe.  

The release of volatile Se compounds was first reported by members of the Brassicaceae 

family (Prasad and Freitas 2003, 289). On the contrary, plants used to volatize Hg are 

genetically modified (289). Examples of genetically modified species able to volatize 

mercury are shown in table B.2, p. 132 (289). 

 Phytostabilization is another mechanism used to remediate heavy metals in soil 

by limiting the contaminants mobility and bioavailability in the soil. This is 

accomplished by accumulation or adsorption of metals to the roots or immobilization of 

metals in the root zone (Interstate Technology and Regulatory Cooperation 2001, 5). 

Phytostabilization also prevents erosion and provides hydraulic control, which 

suppresses migration of contaminants into groundwater (Prasad and Freitas 2003, 288). 

This mechanism of phytoremediation presents major disadvantages, however, such as 

the fact that the contaminant remains in the soil or root zone. The application of 

fertilizers or soil amendments are required and studies suggest that the stabilization of 

the contaminants may be primarily due to the soil amendments (Henry 2000, 20).   

 Evapotranspiration is another plant-based technology that’s main purpose is to 

prevent water from infiltrating the ground surface and spreading pollutants (Interstate 

Technology and Regulatory Cooperation 2001, 11). Plants act as a barrier, taking up or 

transpiring water from the subsurface during a rain event. If the rain is not intercepted 

by the plant leaves and manages to reach the ground, it is then subject to the 

transpirational uptake by the plant root systems. The main goal of evapotranspiration is 

containment of contaminants and erosion control (11).  

 Researchers Prasad and Freitas reported that there are currently over 400 plants 

that hyperaccumulate metals (Prasad and Freitas 2003, 285). The families dominating 

these members are Asteraceae, Brassicaceae, Caryophyllaceae, Cyperaceae, 

Cunouniaceae, Fabaceae, Flacourtiaceae, Lamiaceae, Poaceae, Violaceae, and 

Euphobiaceae (285). The family of Brassicaceae has the largest number of taxa with 

over 11 genera and 87 species (285). Refer to table B.2, p. 132-133, for a list of 



Texas Tech University, Kylee Cumby, December 2013 

132 

 hyperaccumulator species or species known to extract, stabilize or volatilize heavy 

metals.  

Botanical Name Common Name Contaminant Plant Type Mechanism 

Alyssum bertolonii - Ni Shrub Phytoextraction 

Alyssum corscicum - Ni Shrub Phytoextraction 

Alyssum inflatum - Ni Shrub Phytoextraction 

Alyssum lesbiacum - Ni Shrub Phytoextraction 

Alyssum longistylum - Ni Shrub Phytoextraction 

Alyssum murale - Ni Shrub Phytoextraction 

Arabidopsis halleri - Cd, Zn Shrub Phytoextraction 

Arabidopsis thaliana 

(genetically modified) 

- Hg Shrub Phytovolatilizaton 

Brassica campestris Wild mustard   Cu Shrub Phytoextraction 

Brassica juncea Indian mustard  Pb, Zn, Cd, Cr, 

Cu, Ni 

Shrub  Phytoextraction 

and 

rhizofiltration 

Brassica napus Rapeseed  Cu Shrub Phytoextraction 

Brassica oleracea Cabbage Cu Groundcover 

(Vegetable 

crop) 

Phytoextraction 

Brassica rapa Field mustard  Cu Shrub Phytoextraction 

Canna x generalis Canna  Pb Shrub Phytoextraction 

Helianthus annuus Sunflower Cu, Pb Flower Phytoextraction 

and rhizofiltration 

Helianthus indicus Sunflower Cu, Pb Flower Phytoextraction 

and rhizofiltration 

Hydrilla verticillata Hydrilla Cr, Cu, Zn Shrub Phytoextraction 

Lemna minor Duckweed Pb, Cu, Zn Aquatic plant Rhizofiltration  

Neerium oleander Oleander  Pb Shrub Phytoextraction 

Nicotiana tabacum 

(genetically modified) 

Tobacco Hg Shrub Phytovolatilizaton 

Table B.2. Plants with demonstrated potential to phytoremediate heavy metals 
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Botanical Name Common Name Contaminant Plant Type Mechanism 

Pelargonium sp. 

“Frensham” 

Scented geranium   Cd, Pb, Ni Shrub Phytoextraction 

Phalaris arundinacea Reed canary grass Cd, Cs, Ni, Sr, Zn Grass Phytoextraction 

Thalspi goesingense Tiny Wild Mustard  Ni, Zn, Co Small shrub or 

groundcover 

Phytoextraction 

Thalspi  ochroleucum Pennycress Ni, Zn Shrub Phytoextraction 

Nicotiana tabacum Tobacco Hg Crop Phytovolatilizaton 

Salix viminalis  Basket Willow Ag, Cr, Hg, Se Tree Phytoextraction 

Sedum alfredii - Cd, Zn, Pb Small shrub or 

groundcover 

Phytoextraction 

Spirodela polyrhiza Giant Duckweed Cr, Pb, Ni, Zn Aquatic plant Rhizofiltration  

Vallisneria  

Americana 

Tape grass Cr, Cu, Pb Grass Phytoextraction 

Zea mays Corn   Cu Vegetable crop Phytoextraction 

and rhizofiltration 

Table B.2. Continued 

Sources: Henry 2000; Prasad and Freitas 2003. 
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