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1 Introduction and Background 

Cardno Inc. (Cardno) has prepared this Analysis of Brownfield Cleanup Alternatives (ABCA) 

on behalf of The City of Greenwood (“Greenwood ) under a Brownfields Assessment Grant 

between the U.S. Environmental Protection Agency (EPA) and City of Greenwood (Grantee); 

EPA Cooperative Agreement No. BF-95499512-0.   

This ABCA is for the Former Greenwood Foundry Site located at 1801 Foundry Road in 

Greenwood, South Carolina.  A site aerial photograph is included for reference (Figure 1). 

According to Greenwood County tax records, the subject property consists of one parcel of 

land encompassing approximately 16.6 acres.  The subject property is identified by Tax Map 

Serial (TMS) Number 6855-515-137 and is currently owned by the Greenwood Housing 

Authority. 

The subject property is the former location of Greenwood Mills Foundry, which consisted of 

four corrugated steel structures with an estimated area of 16,000 square feet. These 

structures housed a foundry used to make cast iron parts for Greenwood Mills until 1985. At 

that point, Greenwood Mills closed the foundry and leased the site to Synehi Castings, Inc. 

who performed similar foundry operations until 1997. Synehi continued to lease the property 

and stored machinery at the site until 2004 when it was sold to the Greenwood Housing 

Authority. In 2006, the Greenwood Housing Authority demolished the structures.  

The property is 16.6 acres.  Approximately 3 acres near the northwest property boundary (i.e. 

the location of the foundry and its associated buildings) are covered with high weeds and 

brambles.  The rest of the property is currently covered with trees that appear to range 

between ten to more than fifty years old.  A small stream, Brightman’s Creek, flows generally 

northward through the property near its eastern boundary.  Approximately 1.3 acres of the 

property is to the east of the creek and includes wetlands.   

Based on a 1979 aerial photograph, the foundry was located on the northwest corner of the 

property within an approximate 5-acre fenced compound.  An open field (~1.6 acres), located 

south of the foundry building and outside of the fenced compound, was apparently used as a 

parking area. Approximately 5-6 acres near the northeastern corner of the property appears 

heavily forested, which is suggestive that the foundry operations did not occur in that area.  

An area of approximately 2-3 acres on the west side of Brightman’s Creek appears as 

disturbed land, suggesting it was possibly used for landfilling activities.   

Greenwood anticipates redevelopment of the property into a community park and recreational 

area. Greenwood envisions creating two levels of park use on different portions of the 

property.  One portion will be developed into a conventional park setting with picnic shelters, 

playgrounds, sport areas, parking lots and other amenities.  This easily accessible portion will 

overlay most of the area that was formerly inside the fenced compound and the 5-6 acres of 

woods near the northeast corner.  The rest of the property will continue to revert to a 

naturalized state accessible by boardwalks and walking trails.  
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This ABCA has been prepared to support the application of a Brownfields Cleanup Grant for 

the subject property.  The applicant intends to redevelop the property into a community park 

by remediating environmental impacts that were identified in previous environmental 

assessments of the subject property. 

1.1 Previous Site Assessments 

2004 Phase I ESA: GME Engineering (GME) completed a Phase I ESA of the subject 

property in April 2004. During the assessment, GME identified several transformers 

(converted to non-PCB in the early 1980’s) and a fine dust which created a blackened soil 

condition near the surface. GME reported numerous areas of black soil, two large mounds of 

black sand and rock-like material, and potential areas of slag dumping. GME collected 

samples in these areas and analyzed them for Target Analyte List Metals and TCLP metals. 

GME determined that leachable metals posed no potential threat. 

2007 Phase I ESA: URS completed a Phase I ESA of the subject property in June 2007. 

During the assessment, URS identified the following RECs associated with the subject 

property: 

 URS was unable to determine sample locations and depth of the GME samples. Based 

on this information, URS determined that further soil sampling was needed to 

determine soil conditions on the subject property. 

 URS determined that off-site contamination associated with the Southern Railroad 

Company property located to the south of the subject property posed a potential 

threat to soil and groundwater conditions on the subject property. Dumped material 

and debris, tires, various drums, and a 1,000 gallon underground storage tank 

(UST) of unknown content were observed on the Southern Railroad Company 

property. Further inquiry with SCDHEC indicated that the 1,000 gallon UST and/or 

other tanks once located on this site contained various hydrocarbons. 

2008 Phase II ESA: URS completed a Phase II ESA of the subject property in May 2008. 

During this assessment, 5 permanent groundwater monitoring wells were installed and 

sampled, 24 soil samples were collected, 3 surface water and 3 sediment samples were 

collected from the creek located on site, and 4 waste samples were collected from observed 

waste disposal areas on the subject property. Analysis of samples identified the following: 

Groundwater: 

 Some TAL Metals were detected in the groundwater samples collected from each well. 

Aluminum exceeded the established EPA Maximum Contaminant Level (MCL) in 

wells FMW-1, FMW-3 and FMW-5; however, only in FMW-5 did the detected 

aluminum concentration also exceed the EPA Region IX Preliminary Remediation 

Goal (PRG) for Tap Water. Beryllium exceeded the MCL of 0.004 mg/l in well 

FMW-5 with a concentration of 0.0066 mg/l; however, the detected concentration 

did not exceed the PRG. Iron exceeded the secondary MCL in wells FMW-1, 

FMW-3 and FMW-5 and exceeded the PRG in wells FMW-1 and FMW-5. Lead 
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exceeded the MCL of 0.015 mg/l in well FMW-5 with a concentration of 0.043 mg/l. 

Manganese concentrations exceeded the secondary MCL in each well but only 

exceeded the PRG in well FMW-5. The secondary MCL for Manganese is 0.05 

mg/l. 

 No VOCs, SVOCs, Cyanide, PCBs or Pesticides were detected in any of the 

groundwater samples collected from the Site during this assessment. 

Soils: 

 Metals - Some TAL constituents were detected at concentrations that exceeded either 

one comparison criteria (PRGs or Soil Screening Levels (SSLs)) or both. A total of 

14 surface soil samples were analysed for metals. Detected antimony 

concentrations exceeded the PRG in one sample (FSS-6) and exceeded the SSL 

in 11 samples. Detected arsenic concentrations exceeded the PRG in 2 samples. 

Detected chromium concentrations exceeded the PRG in 1 sample (FSS-6) and 

exceeded the SSL in nine samples. Detected iron concentrations exceeded the 

PRG in 13 samples. Detected selenium concentrations exceeded the SSL in 13 

samples but no detected concentration exceeded the PRG. Detected vanadium 

concentrations exceeded the PRG in 2 samples. No exceedances of PRGs or 

SSLs were noted from the reference (background) location (FSX-2). 

 A total of 10 subsurface soil samples were analysed for metals. Detected antimony 

concentrations exceeded the PRG in 1 sample (FSS-2) and exceeded the SSL in 

all 10 samples. Detected chromium concentrations exceeded the SSL in 7 samples 

but no sample concentration exceeded the PRG. Detected iron concentrations 

exceeded the PRG in all 10 samples. Detected selenium concentrations exceeded 

the SSL in 9 samples but did not exceed the PRG in any sample. Detected 

vanadium concentrations exceeded the PRG in 4 samples. 

 Pesticides/PCBs - Two polychlorinated biphenyls (PCBs) were detected in site soil 

samples. PCB-1260 was detected in 3 surface soil samples (FSX-1, FSS-6, and 

FSS-7) and in 2 subsurface soil samples (FSS-6 and FSS-8). PCB-1016 was also 

detected in surface soil FSS-6; however, the detected concentration did not exceed 

the PRG. The detected concentrations of PCB 1260 exceeded the PRG in each 

sample. 

 VOCs - VOCs were detected at several soil sampling locations on the site. Detected 

compounds included acetone, benzene, 2-butanone (MEK), carbon disulfide and 

methyl cyclohexane. Without exception the detected VOC concentrations were 

very low and were often two or more orders of magnitude below established 

comparison criteria. 

 SVOCs - SVOCs were detected in eight of the 14 collected surface soil samples and in 

seven of the 10 subsurface soil samples. SVOCs were not detected in reference 

sample FSX-2. With only two exceptions, SVOCs detected in soil were polycyclic 
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aromatic hydrocarbon (PAH) compounds. Detected PAH concentrations exceeded 

PRGs in 3 surface soil samples (FSS-5, FSS-6, and FSS-7). None of these 

detections exceeded any SSL. Detected PAH concentrations exceeded PRGs in 

six subsurface soil samples (FSS-2, FSS-5, FSS-6, FSS-7, FSS-8, and FSS-9), but 

no detection exceeded any SSL. 

Surface Water: 

 The only compounds detected in the surface water samples were metals. The 

concentrations are compared to USEPA Region 4 Ecological Risk Assessment – 

Supplement to Risk Assessment Guidance (RAGS) - Waste Management Division 

Freshwater Screening Values for Hazardous Waste Sites – Acute and Chronic. 

Aluminum was detected in surface water samples BCSW-1, BCSW-2 and BCSW-3 

at concentrations of 0.80 mg/l, 0.81 mg/l and 1.4 mg/l, respectively. The acute and 

chronic screening values for aluminum are 0.75 mg/l and 0.0087 mg/l, respectively. 

Iron was detected at a concentration of 8 mg/l in surface water sample BCSW-3, 

exceeding the chronic screening value of 1.0 mg/l. An acute screening value for 

iron has not been established. Iron was detected in surface water samples BCSW-

1 and BCSW-2, but did not exceed the chronic screening value. 

 Additional metals detected in each surface water sample include barium, calcium, 

magnesium, manganese, potassium and sodium. Vanadium was detected in 

surface water sample BCSW-3. Screening values were not established for any of 

the aforementioned constituents. 

Sediment: 

 Various metal constituents were detected in each of the sediment samples collected at 

the site; however, none of the detected metals exceeded the screening values 

outlined in the USEPA Region 4 Ecological Risk Assessment Bulletins – 

Supplement to RAGs to Superfund. 

 Several organic compounds were also detected in the collected sediment samples. 

Benzo(b)fluoranthene, fluoranthene and pyrene were detected in sample BCSED-1 

at concentrations of 0.41 mg/kg, 0.56 mg/kg and 0.43 mg/kg, respectively. Carbon 

disulfide and fluoranthene were detected in sample BCSED-2 at concentrations of 

0.0023 mg/kg and 0.41 mg/kg, respectively. Finally, benzo(b)fluoranthene, 

benzo(a)pyrene, chrysene, fluoranthene and pyrene were each detected in sample 

BCSED-3 at concentrations of 0.74 mg/kg, 0.46 mg/kg, 0.48 mg/kg, 1.2 mg/kg and 

0.74 mg/kg, respectively. None of the detected concentrations exceeded 

comparison criteria. 

Waste: 

 Barium was detected in waste samples FWA-1, FWA-2, FWA-3 and FWA-4 at 

concentrations of 0.69 mg/l, 0.26 mg/l, 0.49 mg/l and 0.46 mg/l, respectively. 

Concentrations of cadmium (0.060 mg/l), lead (0.087 mg/l) and selenium (0.11 
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mg/l) were also detected from waste sample location FWA-1. No other compounds 

were detected in any of the aforementioned waste samples. 

2014 Phase II ESA: Cardno completed a Phase II ESA of the subject property in March 2014 

under the Brownfields Assessment Grant.  The assessment activities were conducted in 

accordance with the Generic Quality Assurance Project Plan (QAPP) and the Site-specific 

QAPP Addendum 2-A Revision approved by the EPA and SCDHEC.  

Cardno conducted soil borings at 34 locations across the site to depths of 5 feet.  Samples 

locations and analytical findings in the specific areas of the site are as follows: 

Former Foundry Building Footprint (SS-1 through SS-6)  

In order to assess soil conditions in and adjacent to the footprint of the former foundry 

building, six soil borings (SS-1 through SS-6) were advanced to an approximate depth of five 

feet below ground surface (bgs). Surface (0-1 foot bgs) and subsurface (collected from a 

minimum depth of 2 feet bgs) soil samples were collected and analyzed for PCBs, low level 

PAHs, TAL Metals, and chromium  

 TAL metals aluminum, arsenic, cobalt, iron, manganese, selenium, and vanadium were 

detected above either their respective industrial or residential RSL across the area. 

The nearly ubiquitous appearance of these metals and relatively consistent 

concentrations at which they were reported, including in the background samples 

(SS-27 and SS-28), suggest that their presence is indicative of naturally occurring 

conditions. 

 Chromium VI (hexavalent) was reported above its residential RSL in samples from SS-

2 (surface) and SS-5 (surface).  

 Additionally, PAHs including benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, dibenz(a,h)anthracene, and/or 

indeno(1,2,3-cd)pyrene were reported above either their respective industrial or 

residential RSL in SS-1, SS-4, SS-4 Sub, SS-5, SS-5 Sub, SS-6, and SS-6 Sub. 

PAHs at low levels are found ubiquitously across the site and are in the 

concentration range of what was identified in the background samples (SS-27 and 

SS-28). 

Waste Piles and PCBs along Foundry Road (SS-7 through SS-26) 

In order to delineate previously identified soil contamination in the vicinity of previous URS 

sampling locations FSS-6, 7, and 8 and FSX-1, and the black silty soil layer, 17 soil borings 

(SS-7 through SS-26) were advanced to an approximate depth of five feet bgs. Surface (0-1 

foot bgs), subsurface (collected from a minimum depth of 2 feet bgs), and black silty layer 

soils were collected from SS-9, SS-10, SS-11, SS-24, SS-25, and  SS-26, and  analyzed for 

PCBs, low level PAHs, TAL Metals, and Chromium VI.  Fifteen of the borings were done to 

determine the visual extent of black sand/waste material previously observed on-site and did 

not include samples for laboratory analysis with the exception of 3 black waste samples (SS-

7, SS-8. SS-16) that were collected for PCB analysis.   
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 Chromium VI (hexavalent) was reported above its residential RSL in SS-9, SS-10, SS-

24 Sub, SS-25, SS-25 Sub, SS-26, and SS-26 Sub. 

 PAHs including benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, dibenz(a,h)anthracene, and/or indeno(1,2,3-cd)pyrene were 

reported above either their respective industrial or residential RSL in SS-9, SS-9 

Sub, SS-10, SS-10 Sub, SS-24, SS-25, and SS-26. PAHs at low levels are found 

ubiquitously across the site and are in the concentration range of what was 

identified in the background samples (SS-27 and SS-28). 

General Site Conditions (SS-27 through SS-34) 

In order to assess soil conditions on areas of the site not addressed previously, eight (8) soil 

borings were advanced to an approximate depth of five feet bgs. Surface (0-1 foot bgs) and 

subsurface (collected from a minimum depth of 2 feet bgs) soil samples were collected as 

follows: 

 TAL metals aluminum, arsenic, cobalt, iron, manganese, and vanadium were detected 

above either their respective industrial or residential RSL in the background 

samples (SS-27, SS-27 Sub, SS-28, SS-28), Sub, SS-29, SS-29 Sub, SS-30, SS-

30 Sub, SS-31, SS-31 Sub, SS-32, SS-32 Sub, SS-33, SS-33 Sub. The nearly 

ubiquitous appearance of these metals and relatively consistent concentrations at 

which they were reported suggest that their presence is indicative of naturally 

occurring conditions.  

 Chromium VI (hexavalent) was reported above its residential RSL in SS-27, SS-28 

Sub, SS-29, SS-32, and SS-33 Sub. 

 PAHs including benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, dibenz(a,h)anthracene, and/or indeno(1,2,3-cd)pyrene were 

reported above either their respective industrial or residential RSL in SS-27, SS-28, 

SS-28 Sub, SS-29, SS-29 Sub, SS-30, SS-30 Sub, SS-31, SS-31 Sub, SS-33, SS-

33 Sub, and SS-34. PAHs at low levels are found ubiquitously across the site and 

are in the concentration range of what was identified in the background samples 

(SS-27 and SS-28). 

 A PCB concentration slightly greater than the RSL was reported in SS-29. However, 

the concentration is significantly less than the Toxic Substances Control Act 

(TSCA) cleanup standard for bulk remediation waste of 1.0 mg/kg. 

1.2 Site Specific Risk-Based Screening Levels (SSRBLs) 

Tetra Tech, a subcontractor for Cardno, developed Site Specific Screening Risk Based 

Screening Levels (SSRBLs) for recreational use of the Foundry site (included as Appendix 

A).  Comparison tables of the previous sampling data to the SSRBLs were submitted to 

SCDHEC in September 2014.  Upon review, SCDHEC concluded that: 
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1. Response actions are not required at locations on the site where the only 

exceedance of SSRBLs are due to arsenic as the arsenic levels are within the 

ranges found naturally occurring in the state.  

2. Response actions are required for Waste materials (i.e., black silty layer and/or 

black sands) present on the property as identified in the 2008 Phase II ESA. 

3. The SSRBLs are appropriate for comparison purposes to identify the areas where 

response actions are needed to address contaminants in soil. 

4. Because the SSRBLS are higher than residential RSLs, the future use of the 

property must be limited through a land use restriction placed on the deed to the 

property. 

Appendix B includes comparison of the 2008 URS and the 2014 Cardno soil samples to the 

SSRBLS and summarizes boring log data on whether black waste material was found at the 

sample location.  Figure 2 is an aerial photograph of the site showing the approximate 

locations of the soil samples and whether the location included black waste and/or exceeded 

the SSRBLs for any constituent other than arsenic. 

1.3 Phase II ESA Summary 

Based on the distribution of soil samples exceeding the SSRBLs, historical aerial photographs 

and the depth horizons of black waste found in soil borings, the following widespread Areas of 

Contamination (AOC) as depicted in Figure 3 are found on the site:  

 AOC1: Shallow layer (0-1’) of black silt centered on SS-3 corresponding to previously 

uncovered soils between main building and smelting cupula.  Based on the location of 

“non-detects” in surrounding soils, the area is estimated to encompass up to 9,100 

square feet. 

 AOC2: Shallow layer (0-1.5’) of black silt defined by samples FSS-2, SS-1, SS-7, SS-

4, and SS-8 corresponding to formerly uncovered soils north of smelting cupula. Based 

on the location of “non-detects” in surrounding soils, the area is estimated to 

encompass up to 19,300 square feet. 

 AOC3:  Moderately deep (0-3.5’) deposits of black wastes defined by FSS-5, FSS-6, 

FSS-7; SS-9, SS-10, SS-12, SS-13, and SS-15 corresponding to a formerly low area 

where waste piles are visible on 1979 aerial photographs.  Based on the location of 

“non-detects” in surrounding soils, the area is estimated to encompass up to 15,700 

square feet. 

 AOC4: Moderately deep (0-5’) deposits of black wastes defined by SS-16, SS-17, SS-

18, SS-19, SS-21, and FSS-9 corresponding to a former stream bed filled with waste 

piles visible on 1979 aerial photographs. Based on the location of “non-detects” in 

surrounding soils, the area is estimated to encompass up to 24,200 square feet. 

 AOC5: Potentially deep area of fill (0->11’) on west side near Brightman Creek defined 

by SS-34, FSS-10, FMW-5 and original borings made by URS at undocumented 
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locations to 11 feet in the general vicinity.  The sample location SS-28 near the 

southwest property boundary also showed a one-foot thick layer of black waste, which 

may represent the furthermost extent of the fill area. Based on aerial photographs and 

topography, the area of fill may encompass up to 2.5 acres.   

The sampling data also shows exceedances of SSRBLs or visual indications of black 

waste at the following points on the property that appear to be unrelated to obvious areas 

of operation.  These points may be locations where small quantities of waste came to be 

located for unknown reasons, but do not appear to represent a widespread AOC: 

 SS-27:  Surface soil from this location midway along the southwest property boundary 

has levels of PAHs that are orders of magnitude higher than anywhere else on site.  

The sample location is near, and potentially downgradient via overland flow of, an area 

of former dumping on the adjacent CSX railroad property.  Both the magnitude of the 

PAH levels and the location are suggestive that the contaminants migrated from off-

site and are not reflective of anything contributed by the foundry operations. 

 SS-29:  Surface soil found black waste at this location along the southwest boundary 

but does not exceed the SSRBL in either surface or subsurface samples.  Based on 

the 1979 aerial photograph, the sampling location appears to correspond to a dirt road 

leading between the foundry building and the area of disturbed ground known to be a 

fill area (AOC5).  There is little photographic evidence to suggest the fill area extended 

as far the SS-29 location, so the black waste material may have fallen from trucks 

accessing the fill area or was used for filling voids in the roadway. 

 SS-30 and SS-31:  These sample locations were from the formerly open field south of 

the foundry apparently used as a parking area.  Neither location showed evidence of 

black waste but exceed the SSRBLs for PAHs in surface soil (SS-30) or subsurface 

soil (SS-31).  It is uncertain whether the samples represent motor vehicle drips at 

discrete locations within the parking area, or are an indication of widespread deposition 

across the parking area from a fuel-burning emission source (either as part of the 

foundry or at the adjacent railroad).  

1.4 Project Goal 

Greenwood intends to acquire the foundry property to redevelop into a community park 

meeting a wide range of community interests.  Greenwood envisions creating two levels of 

park use on different portions of the property.  One portion will be developed into an easily 

accessible conventional park setting with picnic shelters, playgrounds, sport areas, parking 

lots and other amenities.  The rest of the property will be allowed to revert to a naturalized 

state accessible by boardwalks and walking trails. 

Foundry wastes (i.e., black sands/silt) have been found in surface and subsurface soils 

across portions of the property.  Analysis has shown that most of the foundry wastes do not 

exceed the SSRBLs in the surface soils, but exhibit increased levels of PAHs — often above 

the SSRBLs — in subsurface samples.  The SCDHEC has determined that soils with foundry 
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wastes or with impacts above the SSRBLs will require remediation and/or engineering and 

institutional controls to support the redevelopment strategy.   

Impacts to groundwater can be managed with a restrictive covenant on the deed to prevent 

groundwater use, and are unlikely to impede redevelopment as a park.   

Greenwood intends to apply for a Brownfields Cleanup Grant to assist in the site remediation 

required to fulfil the redevelopment objectives.   

2 Applicable Regulations and Cleanup Standards 

As outlined in previous sections of this document, constituents of concern (COCs) have been 

detected in both soil and groundwater, at concentrations exceeding State and/or U.S. EPA 

screening criteria.  Exceedances of these levels indicate potential risk to human health and 

the environment; therefore, remediation of these environmental impacts will be required to 

support the redevelopment of this property as a community park.  The following describes 

applicable regulations and cleanup standards that will apply to future remediation efforts. 

2.1 Cleanup Oversight Responsibility 

Greenwood anticipates acquiring the property as a Non-Responsible Party (NRP) pursuant to 

a Voluntary Cleanup Contract (VCC) with the SCDHEC.  The Division of Site Assessment and 

Remediation and Revitalization of the SCDHEC will have oversight of the VCC and cleanup 

activities at the subject site.  Additionally, work plans and cleanup activities conducted 

throughout the implementation of this project will be overseen by qualified licensed 

Professional Geologists and/or Professional Engineers licensed in the state of South 

Carolina.  

2.2 Cleanup Standards for Major Contaminants 

Greenwood anticipates redevelopment of the subject property to include a community park 

and recreational area. The SSRBLs were developed in consideration of the possible 

exposures considered likely to occur via these mechanisms.  Therefore, the SSRBLs will be 

the primary cleanup standards used for determining the efficacy of impact delineation and site 

cleanup activities.  Although SSRBLs for arsenic were developed, SCDHEC will not require 

remediation solely for arsenic levels because the levels documented on-site fall within the 

naturally occurring range of 2.0 to 20.0 parts per million documented across South Carolina. 

Since impacts to groundwater will be managed through a restrictive covenant on the deed 

prohibiting groundwater use, groundwater cleanup standards are not applicable for the 

purposes of this document. 

2.3 Laws & Regulations Applicable to the Cleanup 

Applicable federal, state, and local laws, rules, and regulations will be followed during the 

cleanup activities at the site. The VCC will be the governing document for the project. The 
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VCC is pursuant to the Brownfields/Voluntary Cleanup Program, S.C. Code § 44-56-710-760, 

as amended on June 11, 2008, and if not set forth therein, shall have the meaning assigned 

to them pursuant to the South Carolina Hazardous Waste Management Act, S.C. Code Ann. 

§ 44-56-10, et. seq., the S.C. Pollution Control Act, S.C. Code Ann. § 48-1-10, et. seq., the 

S.C. State Underground Petroleum Environmental Response Bank Act, S.C. Code Ann. § 44-

2-10, et. seq., or the Comprehensive Environmental Response, Compensation and Liability 

Act (CERCLA), 42 U.S.C. §§ 9601, et. seq. 

2.4 Climate Change Considerations 

The US EPA has directed Cleanup and Revolving Loan Fund grant recipients to “evaluate the 

resilience of the remedial options in light of reasonably foreseeable changing climate 

conditions (e.g., sea level rise, increased frequency and intensity of flooding and/or extreme 

weather events, etc.).    

The climate of the Southeast is uniquely warm and wet, with mild winters and high humidity. 

Based on an analysis by the South Carolina Department of Natural Resources, the average 

annual temperature has exhibited natural variation for most of the past century; however 

during the past forty years annual average temperature has increased about 2° F. Changes in 

precipitation have occurred over the past three decades with increases in heavy downpours in 

many parts of the Southeast, even though much of the region has experienced moderate to 

severe droughts during the same period.  

Current climate models predict continued warming across the Southeast with the rate of 

warming more than twice the current rate over the next seventy years.  The frequency, 

duration and intensity of droughts are likely to continue to increase with higher average 

temperatures and a higher rate of evapotranspiration. Extreme weather events are of concern 

and it is postulated that climate change can influence the intensity and number of storm 

events.   

Although supporting data are not entirely conclusive, the physics behind models are well 

understood. Warmer ocean temperatures potentially can provide more energy to hurricanes, 

leading to more intense storms. Increased precipitation patterns could have an adverse effect 

on flooding issues. High intensity rainfalls could lead to greater flooding hazards and mud - or 

landslides. 

3 Analysis of Brownfield Cleanup Alternatives 

A discussion of the cleanup objectives and an evaluation of three remedial alternatives for the 

site are provided below. 
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3.1 Cleanup Alternatives Considered 

As noted previously, Greenwood anticipates redevelopment of the subject property to include 

a community park and recreational area. Greenwood envisions creating two levels of park use 

on different areas of the property.  One area will be developed into an easily accessible 

conventional park with picnic shelters, playgrounds, sport areas, parking lots and other 

amenities.  The conventional park will be in the northern portion of the property bordering 

Foundry Road.  It will be developed in the oldest section of woodlands (northeast corner of 

property) and will extend over most of the area that was formerly inside the fenced 

compound, including the Areas of Contamination AOC-1, -2,-3, and -4.  

The rest of the park will remain in a more natural state but will be accessible by boardwalks 

and walking trails. The naturalized portion will overlay areas that have already begun to revert 

to woodlands including all of AOC-5, the former parking field (samples SS-30 and SS-31), 

and the seemingly random points of contamination found along the southwest boundary 

(samples SS-27 and SS-29).  Although most of the naturalized portion will be allowed to 

revert to forest, the location of SS-27 is where several trails converge on the conceptual plan 

and would best be served as a clearing in the woods with one or two day-use picnic shelters. 

Foundry wastes (i.e., black sands/silt) have been found in surface and subsurface soils 

across portions of the property.  Analysis has shown that most of the foundry wastes do not 

exceed the SSRBLs in the surface soils, but do have increased levels of PAHs - often above 

the SSRBLs - in subsurface samples.  In addition to the black foundry wastes, some surface 

and subsurface soils exceed the SSRBLs for cobalt (one sample) and a variety of PAHs.   

The SCDHEC has determined that soils with foundry wastes or with impacts above the 

SSRBLs will require remediation and/or engineering and institutional controls. 

In addition to soil impacts, groundwater has been impacted by the site.  This ABCA makes the 

base assumption that all alternatives will include a deed restriction prohibiting use of 

groundwater beneath the property for drinking or irrigation purposes. 

Three alternatives for site remediation are evaluated within this section of the ABCA, all of 

which focus primarily on limiting exposure to contaminated soils.  If implemented in all areas 

where foundry wastes or SSRBLs exceedances are found, two of the alternatives will require 

destruction of much of the wooded areas vital to the conceptual development plan.  

Therefore, each of these alternatives is further broken down into sub-alternatives for 

implementing the “Conceptual Plan” for specific areas as noted below and for “All 

Contaminated Areas” found site-wide.   

Each of these remedial alternatives is compared with respect to: effectiveness, long-term 

reliability, implementability, and generalized cost implications, within Table 1.  More detailed 

comparison of potential costs to implement is provided in Table 2.   
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3.2 Alternative 1:  No Action 

The No Action alternative is included as a baseline comparison to other remedial alternatives. 

The No Action alternative assumes no action is taken and represents the current site 

conditions.   

3.3 Alternative 2:  Excavation and Off-Site Disposal 

Alternative 2 involves excavation of waste deposits (black silt/sand) and soil exceeding the 

SSRBLs followed by disposal at a permitted Subtitle D facility.  In the event that any of the 

waste is characterized as hazardous, wastes will be segregated and the hazardous waste 

portions will be sent to an approved hazardous waste landfill. Samples will be collected for 

analysis from the bottom of excavations at a rate of 1 per 1000 square feet. Excavation will 

continue deeper until no black waste is found and/or the sample analysis do not exceed the 

SSRBLs. 

It is assumed that the areas of excavation will be approximately one-third larger than the 

known areas in order to maintain sidewall trench sloping in the excavations for safety 

reasons.  Clean soil from off-site will be emplaced on-site to return the property to the existing 

grade prior to development and the areas stabilized from erosion with grass-seed mixtures 

and/or mulch as applicable to the intended reuse.  Specific procedures are as follows: 

2a: “Conceptual Plan”  

Excavation will be done on the waste areas AOC-1,-2, -3, and -4, (which will underlie 

the conventional park portion) and Excavation and Off-Site Disposal for the area 

around SS-27 because it will be a clearing in the woods.  To implement this plan, clear-

cutting of trees (10-20 year-old) will be done on all areas of AOC-2, AOC-3, and AOC-

4, and of approximately 0.1 acre around SS-27.  Trees will also be clear-cut and an 

access road opened up approximately 300 feet to the area of SS-27.   

2b: Excavation and Off-Site Disposal for “All Contaminated Areas” 

In addition to the excavations listed above (Conceptual Plan), the access road will be 

extended 500 feet to AOC-5, which will be clear cut of trees (30->50 year old) and 

excavated over an approximate 3-acre area.  Prior to excavation, it is assumed that up 

to 1000 feet of retaining walls and other slope stabilization mechanisms may require 

installation to prevent siltation of Brightman’s Creek.   

Since it is uncertain from the data whether the black waste at SS-29 and the 

contaminant levels in excess of the SSRBLs at SS-30 and SS-31 are due to isolated 

releases at those points, the former open field (1.6 acre) used for parking will need to 

be clear-cut to allow a 10-foot diameter excavation around each of the sampling points.  

Because it is uncertain how far the contamination may extend beyond those points, 

each location will have a minimum of 4 additional soil samples collected beyond the 

periphery of the excavation for analysis, in addition to the sample from the bottom of 
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the excavation.  Additional excavation may be necessary pending the analytical 

results.   

3.4 Alternative 3:  Capping 

Alternative 3 would involve removal of the vegetative cover and placement of 2 feet of clean, 

low permeability soils to protect future users from direct contact with foundry wastes and the 

contaminated soils.  This alternative assumes the contaminated soils can be sufficiently 

isolated from receptors so that the soils can be retained on site.  Prior to capping, soils with 

foundry waste or exceeding the SSRBLs may be moved on site as needed for grading 

purposes and to accommodate structures and park amenities as per the conceptual plan. 

It is assumed that the areas of capping will extend approximately 10% beyond the known 

areas of contamination in order to gently slope the soil up to the required thickness.  

Alternatively, retaining walls may be constructed along the edges of the capped areas where 

elevation changes and/or conceptual use preclude use of slopes.  The engineered cap will 

typically consist of 6” of topsoil overlying 18” of packed clay; however, lesser thicknesses in 

combination with sub-soil barrier membranes may be applicable where economically feasible 

and allowable by the SCDHEC.    

Specially-designed planting beds will be installed at predetermined locations in the capped 

areas to limit potential exposure from excavations needed to aesthetically develop the 

property as a park.  These beds will provide a minimum of 256 surface square feet of loosely 

compacted topsoil around specimen trees to prevent root restriction and oxygen deprivation.  

The beds will be designed to a minimum depth of 5 feet under the trees so as to maintain a 2 

foot clean soil buffer beneath the root ball when planting (typically 3 feet deep). The rest of 

the area of the planting beds will be constructed to minimum depths of 3 feet so as to 

maintain a nominal 2 foot buffer beneath bushes and other shallowly planted vegetation.  

During their construction, underlying soils and/or black waste will be excavated where needed 

to achieve the design depth of the planting beds.  The resulting small amounts of soil/black 

waste will be distributed across the areas to be capped prior to installing the cap. 

3a: Capping for “Conceptual Plan” 

Since the areas needing remediation in the conventional park area are nearly 

contiguous, a single cap can extend over the waste areas AOC-1,-2, -3, and -4.  A 

portion of this cap will be hydroseeded as an open field for sports and the remaining 

area will be asphalted and/or in planting beds as described above.  An area of 

approximately 40’ x 100’ around SS-27 will also be capped as a clearing in the woods 

at a trail juncture.  To implement this plan, clear-cutting of trees (10-20 year-old) will be 

done on all areas of AOC-2, AOC-3, and AOC-4, along a roadway to SS-27, and of 

approximately 0.1 acre around SS-27.   
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3b: Capping for “All Contaminated Areas” 

In addition to the areas as listed above (Conceptual Plan), the access road will be 

extended 500 feet to AOC-5, which will be clear cut of trees (30->50 year old) and 

capped over an approximate 3-acre area.  Approximately 700 feet of retaining wall is 

anticipated to stabilize the cap to prevent it from washing into Brightman’s Creek.   

Since it is uncertain from the data whether the black waste at SS-29 and the 

contaminant levels in excess of the SSRBLs at SS-30 and SS-31 are due to isolated 

releases at those points, the former open field (1.6 acre) used for parking will need to 

be clear-cut to allow additional sampling and visual observation of other areas that may 

hold black waste.  A minimum of 4 additional soil samples will be collected around 

each of the currently known points (ss-29, -30, -31), and around any visibly 

contaminated areas uncovered by the clear-cutting.  The additional samples are 

anticipated to be collected in all directions from the original points at sufficient 

distances to determine the extent of capping required around each of the points and at 

a minimum, each point will be covered by a 10-foot diameter cap; however, larger 

diameter caps and additional samples not reflected in the Table 2 costs may be 

necessary pending the analytical results.   

3.5 Resilience of Cleanup Alternatives to Predicted Climate Change  

The “No Action” Alternative (1) is anticipated to be moderately resilience to climate changes.  

Because vegetation has already re-established itself on the site, there is unlikely to be 

significant erosion during extreme rain fall events.  There is the possibility that warmer 

temperatures and drought conditions will cause eventual die-off of some of the trees and 

other vegetation currently on the site, but there should be a nearly seamless, natural 

progression to other plant life more adaptable to the climatic conditions. However, this 

alternative precludes any further development of the site into a park with the possible 

exception of creating walking trails throughout the property. 

The Excavation and Off-Site Disposal for the “Conceptual Plan” alternative (2a) is expected to 

be moderately resilient to climate changes. Most of the area that will be excavated has only 

minimal grade changes and will be easily protected from erosion by sowing with heat-tolerant 

grass mixtures.  However, because the soil will be returned to the natural grade, there will be 

some surrounding areas with higher elevation that may channel run-off over the area creating 

erosional channels until the vegetation is firmly established.  

The Excavation and Off-Site Disposal for “All Contaminated Areas” alternative (2b) is 

expected to be poorly resilient to climate changes over the lower three-acre portion of the site 

near Brightman’s Creek.  In order to implement this alternative, mature trees would be 

removed from a steeply sloping area.  Capping this area will create a very thin veneer of 

topsoil held by grasses overlying a nearly impermeable clay layer.  The combination of slope, 
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upgradient drainage area, and thin root-zone would always create potential erosional 

channels during extreme rainfall.    

The Capping for the “Conceptual Plan” alternative (3a) is expected to have moderate to high 

resilient to climate changes.  Most of the area that will be excavated has only minimal grade 

changes and will be easily protected from erosion by sowing with heat-tolerant grass 

mixtures.  The cap areas will be slightly elevated above the surrounding areas, further 

lessening the amount of run-off over the area. 

The Capping for “All Contaminated Areas” alternative (3b) is expected to be poorly resilient to 

climate changes over the lower three-acre portion of the site near Brightman’s Creek.  In 

order to implement this alternative, mature trees would be removed from a steeply sloping 

area.  Capping this area will create a very thin veneer of topsoil held by grasses overlying a 

nearly impermeable clay layer.  The combination of slope, upgradient drainage area, and thin 

root-zone would always create potential erosional channels during extreme rainfall.   

3.6 Recommended Cleanup Alternative 

The primary objective of site remediation is to reduce or prevent potential risk to human 

health and the environment from site contaminants by properly addressing impacted soils at 

the site (impacted primarily with apparent foundry waste and PAHs).  Specific cleanup goals 

developed for the site are the SSRBLs, which are modified from the EPA RSLs based on 

exposure potentials anticipated through use as a park.   

 

As seen from a review of Tables 1 and 2, the “No Action” option (Alternative 1) is not 

considered a viable option since it does meet the redevelopment objectives and protect from 

future exposure to site contaminants.  The “Excavation and Off-Site Disposal” option 

(Alternative 2) protects human health from future exposure and allows for the uninhibited 

redevelopment of the property, but at a significant cost.  

 

The selected remedial alternative is anticipated to be the “Capping” option (Alternative 3) to 

cover the contaminated soil areas with an engineered cap.  The most cost effective and 

protective remedy will be to cap the Areas of Concern that will underlay the conventional park 

portion of the site and allow vegetative regrowth on the other areas to limit potential 

exposures pursuant to the Conceptual Plan.  This option allows for the redevelopment of the 

site with adequate protection to future exposure to site contaminants. 
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Tables
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TABLE 1 – Brownfield Cleanup Alternatives Balancing Factor Evaluation 

 

Remedial 

Alternative 
Effectiveness 

Long-Term 

Reliability 
Implementability Cost Implications 

1. No Action 
Does not address 

potential risks. 

Does not address 

potential risks. 

Not applicable for No 

Action. 

No cost to implement 

Potential cost 

implications on 

property value and 

future liabilities 

associated with 

contaminant exposure. 

2. Excavation 

and Off-Site 

Disposal 

Effectively manages 

contaminated soils 

that are removed 

from the site. 

Most reliable long-

term strategy to 

address on-site 

exposures. Essentially 

eliminates the risk 

associated with future 

exposure to 

contaminated soils at 

the site. 

Minor implementation risks 

associated with excavation 

and transportation to 

appropriate disposal facility. 

Minor risk to community 

due to transportation.  

Potentially complex 

engineering requirements to 

stabilize soils and slopes 

near Brightman’s Creek and 

wetlands areas.  

High costs for 

excavation, 

transportation, and 

disposal fees. Minimal 

long-term costs if 

appropriately disposed.  

Fill material 

requirements can affect 

costs. 

3. Capping 

Effectively manages 

contaminated soils if 

the cap is 

appropriately 

maintained and 

future actions in 

capped areas are 

controlled.  Does not 

eliminate the 

contaminated soils.  

Reduces the risk 

associated with direct 

exposures to 

contaminated soils at 

the site. Requires 

maintenance and 

inspection, and 

controls on 

construction activities 

within capped area(s). 

Can be difficult to 

implement based on site 

topographies and slope 

stability requirements (if 

unconsolidated soil cap is 

used).  May limit types of 

future land uses within 

capped area, resulting in 

risk. SCDHEC will have to 

approve plans associated 

with the cap on the property. 

Moderate costs for 

implementation of the 

barrier depending on 

selected barrier. 

Moderate to low long-

term costs associated 

with maintenance and 

inspections. 

 



Analysis of Brownfields Cleanup Alternatives 
Greenwood Foundry Site 

 

DRAFT 

TABLE 2 – Estimated Comparative Costs for Cleanup Alternatives 

 

Cleanup Alternative Estimated Costs Notes 

1. No Action $0 

 

Not a viable option. 
 

2a. Excavation and Off-

Site Disposal:  Limited 

Areas per Conceptual 

Plan  

$367,200 

mob/demob fee($1,500), construction entrance ($2,500), 
clear-cutting 2.5 acres new growth forest, installing 300’ 
access road to SS-27 ($21,600 @ $72/l.f.), excavation and 
offsite disposal of 639 truckloads contaminated dirt 
($102,200 @$95/load transport fee and $65/load disposal ), 
emplace 320 truckloads clay and 107 truckloads topsoil 
($85,500 @ $150/clay, $350 topsoil), collection and analysis 
of 73 confirmation samples ($18,600), grinding and 
hydroseed 2.5 acres ($11,300 @ $2,000 acre grinding, 
$2,500/ acre hydroseed).  Anticipated 31 days for 
construction ($124,000 at $4,000/day/crew).  

2b. Excavation and Off-

Site Disposal:  All Areas 

with Potential 

Contamination  

$1,248,600* 

mob/demob fee($1,500), construction entrance ($2,500), 
clear-cutting 6 acres new growth and old growth forest, 
installing 800’ access road ($57,600 @ $72/l.f.), excavation 
and offsite disposal of 2,145 truckloads contaminated dirt 
($343,200 @$95/load transport fee and $65/load disposal), 
install 700’ of 3’ retaining wall to stabilize cap ($23,800 @ 
$34/lf) and 300’ of silt fencing( $1,000), emplace 1073 
truckloads clay and 358 truckloads topsoil ($286,300 @ 
$150/clay, $350/topsoil), collection and analysis of 289 
confirmation samples ($73,700), grinding and hydroseed 6 
acres ($27,000 @ $2,000 acre grinding, $2500/ acre 
hydroseed).  Anticipated 108 days for construction 
($432,000 at $4000/day/crew).  

3a. Capping: Limited 

Areas per Conceptual 

Plan  

$192,400 

mob/demob fee($1,500), construction entrance ($2,500), 
clear-cutting 3 acres new growth forest, installing 300’ 
access road to SS-27 ($21,600 @ $72/l.f.), emplace 334 
truckloads clay and 112 truckloads topsoil ($89,300 @ 
$150/clay, $350 topsoil), grinding and hydroseed 3 acres 
($13,500 @ $2,000 acre grinding, $2500/ acre hydroseed), 
installation of 10 soil buffer planting beds ($12,000 @ 
1,200/each) .  Anticipated 13 days for construction ($52,000 
at $4000/day/crew). 

3a. Capping: All Areas of 

Potential per Conceptual 

Plan 

$468,700* 

mob/demob fee($1,500), construction entrance ($2,500), 
clear-cutting 9 acres new growth and old growth forest, 
installing 800’ access road ($57,600 @ $72/l.f.), install 700’ 
of 3’ retaining wall to stabilize cap ($23,800 @ $34/lf) 
emplace 753 truckloads clay and 251 truckloads topsoil 
($200,800 @ $150/clay, $350/topsoil, grinding and 
hydroseed 7 acres ($31,500 @ $2,000 acre grinding, $2500/ 
acre hydroseed), installation of 10 soil buffer planting beds 
($12,000 @ 1,200/each), collection and analysis of 12 
samples on periphery of isolated cap areas ($3000).  
Anticipated 34 days for construction ($136,000 at 
$4000/day/crew). 

*   Additional excavation and/or capping may be required pending analysis of soil samples collected during 
construction activities.   
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Figure 1 Site Aerial, Tax Map Boundaries 



 

 

 
 

Figure 2: Site Layout, Sampling Points  



 

 

 
 
 

Not Analyzed, No Black Waste 

Not Analyzed, Black Waste found at 
Depth (ft) , 
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Figure 2a: Detail, NW portion of Site  
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Depth (ft), 

No Black Waste.  Exceeds SSRBL at  
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0-2’bgs (“RISK S”) or >2’bgs (“RISK D”) 

No Black Waste, Analysis < SSRBLS 

Figure 2b: Detail, NE portion of Site  



 

 

 

Not Analyzed, No Black Waste 

Not Analyzed, Black Waste found at 
Depth (ft), 

No Black Waste.  Exceeds SSRBL at  
0-2’bgs (“RISK S”) or >2’bgs (“RISK D”) 
Sampled 

Black Waste found at Depth (ft). 
If “RISK”, exceeds SSRBL at  

0-2’bgs (“RISK S”) or >2’bgs (“RISK D”) 

No Black Waste, Analysis < SSRBLS 

Figure 2c: Detail, SE portion of Site  



 

 

 
 

Figure 3, Areas of Concern  
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Appendix A Site Specific Screening Risk Based Screening Levels (SSRBLs) 



 

 

 



 

 

Appendix B Comparison Tables: Analytical Results to SSRBLs 


