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Corrective Measures Study Work Plan 
 
1. INTRODUCTION 
This Corrective Measures Study (CMS) Work Plan has been developed in accordance with the 
requirements for CMS-phase work planning and reporting as specified in Attachment II to the 
Administrative Order on Consent II Resource Conservation and Recovery Act (RCRA) – 95-3008(h)-
0307 (the Order).  The following presents a brief summary of the corrective action activity for the facility 
over the last 20 years:  

1995 to 1999 Work planning, laboratory and bench-scale studies, and field investigations of 
groundwater, soil, sediment, air, and surface water impacts. 

July 1999 CPCPRC completed the RFI and submitted the Final RFI Report to the EPA. 

January 2000 EPA issued a letter (dated January 4, 2000) wherein EPA approved the RFI on the 
condition that the CMS address the EPA’s noted concerns.  

October 2003 EPA determined that the benzene, ethylbenzene, toluene, and xylenes (BTEX) 
plumes are stable and posted the determination (the Groundwater Environmental 
Indicator [EI]) on the EPA web site. 

November 2004 CPCPRC submitted the Final Risk Characterization Report (CPCPRC, 2004), 
which addressed EPA’s noted concerns. 

February 2005 The Final Risk Characterization Report (CPCPRC, 2004) was approved in an 
email dated February 1, 2005.  

March 2006 EPA and CPCPRC agreed that the RFI phase of the work had been completed at 
the facility and that work planning for the CMS phase of work could begin.  

October 2006 CPCPRC submitted the Final CMS Work Plan. 

April 2007 CPCPRC submitted the Draft Site-Wide CMS Report. 

September 2007 The Puerto Rico Environmental Quality Board (PREQB) provided comments on 
the Draft Site-Wide CMS Report. 

August 2008 CPCPRC announced the permanent cessation of operations at the Facility and its 
intent to decommission and dismantle the process units, tanks, and related 
equipment.  

2009-2011 The decommissioning and dismantling activities were implemented and involved 
the physical dismantlement of equipment, tanks, and piping for sale, reuse, or 
recycling.  During this time, CPCPRC performed initial characterization sampling 
of soil in areas exposed by demolition.  

October 2011 CPCPRC, EPA, and PREQB met to discuss the scope and schedule for the CMS 
Report considering the initial characterization sampling of soil exposed by 
demolition.  

4th Quarter 2011 Decommissioning and dismantlement was completed and 19 Areas of Concern 
(AOCs) were identified based on initial sampling efforts.  
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August 2011 and 
January 2012 

AOC field investigation was conducted in two phases in August/September 2011 
and January 2012. 

July 2012 CPCPRC submitted the Draft AOC Investigation Report. 

January 2013 EPA and the PREQB provided review comments on the Draft AOC Investigation 
Report.   

April 2013 CPCPRC submitted the Final AOC Investigation Report revised to address EPA 
comments on the Draft report. 

July 2013 CPCPRC submitted the Draft Supplemental RCRA Facility Investigation (SRFI) 
Work Plan.  The focus of the work plan was to address the data gap identified 
during review of the AOC Report.  The data gap identified was to finalize the 
nature and extent of sulfolane contamination in soil and groundwater.   

September 2013 EPA provided approval of the SRFI Work Plan.   

4th Quarter 2013  
and in 2014 

SRFI field investigation was conducted in two phases in October through 
December 2013 in onsite areas and in March 2014 and December 2014 along the 
PRASA pipeline offsite to the east of the Facility.   

June 2014 CPCPRC submitted the Draft Supplemental RCRA Facility Investigation (SRFI) 
Report. 

November 2014 EPA and the PREQB provide review comments on the Draft SRFI Report. 

January 2015 CPCPRC submitted the Final SRFI Report revised to address EPA comments on 
the Draft report. 

March 2015 EPA issued a letter approving the Final SRFI Report and requesting CPCPRC 
prepare this Corrective Measures Study (CMS) Work Plan  

Current activities at the Facility include routine groundwater monitoring related to the Order, and ongoing 
interim measures conducted through implementation of the Enhanced Fluid Recovery (EFR) system and 
the Voluntary Interim Stabilization Measure (VISM) system.  The location of the CPCPRC Facility is 
presented in Figure 1.   

The EFR is a mobile variation of what is commonly referred to as dual-phase extraction, vacuum 
enhanced recovery, multi-phase extraction, or “bioslurping.”  The performance of the EFR system is 
reported in quarterly progress reports and in an annual summary report submitted to the EPA and the 
PREQB. 

The VISM system is composed of an air-sparging trench along a portion of the eastern Facility boundary, 
vapor recovery system, and vapor treatment units.  The performance of the VISM system is reported in 
semi-annual progress reports submitted to the EPA and PREQB.  

The content and organization of this Draft CMS Work Plan are as follows: 

• Section 2.0 presents a description of current conditions including a discussion of the Facility 
decommissioning, a discussion of hazardous waste management unit (HWMU) closures, stormwater 
conveyance modifications, a discussion of interim measures, and the nature and extent of 
contamination in groundwater, soil, surface water, and sediment.   
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• Section 3.0 presents a statement of the overall purpose of the CMS for the CPCPRC Facility.  This 
section includes a description of CPCPRC’s overall approach for controlling human exposures and 
working towards cleanup of Facility contamination. 

• Section 4.0 presents a description of the preliminary Corrective Measures Objectives (CMOs).  

• Section 5.0 presents a description of the specific corrective measures technologies planned for 
evaluation during the CMS. 

• Section 6.0 presents a description of the general approach to developing and evaluating corrective 
measure alternatives during the CMS. 

• Section 7.0 presents the proposed outline for the CMS Report. 

• Section 8.0 presents, as required by the Order, a description of the overall CMS project management, 
including the approach, levels of authority, lines of communication, personnel, preliminary project 
schedule, and budget. 

2. CURRENT CONDITIONS 

The Facility is 211 acres in size and is located on the southeast coast of Puerto Rico centered at 
approximately 17°56’45” north latitude and 66°08’30” west longitude.  CPCPRC is located about 
0.25 miles north of the Caribbean Sea (Figure 1).  The Facility was constructed in 1966 on land 
previously used for sugar cane cultivation.  The Facility operated as a specialty chemicals production 
facility that operated from 1966 to 2004.   

The CPCPRC Facility was constructed to primarily process naphtha into a variety of refined hydrocarbon 
products including, but not limited to, benzene, toluene, xylenes, cyclohexanes, liquid petroleum gas, 
gasoline, and diesel fuels.  Sulfolane was used as part of the chemical process, and through inadvertent 
releases, benzene, toluene, ethylbenzene, xylene (BTEX) and, sulfolane were introduced into the 
environment.  

2.1 Site Setting and Use 
Prior to demolition, the Facility consisted of a Process Area with structures, piping, and other 
appurtenances on a concrete slab and product storage in Tank Basins A through N.  Some other smaller 
areas of product storage were located in the northern portion of the Facility.  The administrative offices 
and other support services were also located in the northern portion of the Facility.  Near the southern 
portion of the Facility, there was a Wastewater Treatment Plant (WWTP) and associated ponds and 
structures.  Figure 2 presents the locations of the former site features.   

The Facility is completely demolished and consists of generally flat terrain except for gunite-lined berms 
that surround the former tank basins.  The Facility is fenced and there is guard presence 24/7.  Activity at 
the Facility is limited to work related to periodic mowing and groundskeeping, work to operate and 
maintain the VISM and EFR systems, and routine groundwater monitoring.   

Based on current surrounding land use and likely expectations of future land use, the Facility will remain 
industrial. 
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2.2 Hazardous Waste Management Unit Closures 
Three out of service HWMUs were present at the facility including the Ballast Water Basins, the Off-
Specification (Off-Spec) Pond and, the Oxidation Pond (Figure 2).  The Ballast Water Basins were 
located at Las Mareas Harbor, a man-made harbor located approximately 0.5 miles southwest of the main 
operation area.  The Ballast Water Basins were clean-closed and regulatory approval of the clean closure 
was received in December 2006.  In 2013, the Off-Spec Pond and Oxidation Pond were clean-closed and 
regulatory approval of the clean closure of the Off-Spec Pond and Oxidation Pond was received in July 
2013.   

2.3 Stormwater System Modifications 
During its operational lifetime, the stormwater from the Facility was conveyed to 5 outfalls (Figure 2).  
Discharge of wastewater from the process units and stormwater from the process area was treated at the 
Facility WWTP and was then discharged to Outfall 001.  Outfall 001 was permitted under the Facility’s 
National Pollutant Discharge Elimination System (NPDES) permit.  Outfalls 002, 003, 004, and 005 were 
identified for the discharge of stormwater from non-process areas on the property.  Outfalls 002 and 004 
were permitted under an EPA Multi-Sector General Permit (MSGP).  Outfalls 003 and 005 were managed 
as non-regulated stormwater outfalls. 

As part of the final Facility closure activities, the stormwater collection and conveyance system was 
modified, the Facility WWTP was completely dismantled and removed, and the two discharge permits 
(NPDES and MSGP) were terminated.       

The Storm Water Pond Conveyance System modifications were performed in two phases in 2012.  Phase 
1 addressed the concrete-lined open conveyance channel used to convey stormwater from the former 
process area to two ponds, the Storm Water Pond and Final Holding Pond (together referred to as the 
NPDES ponds).  Phase 1 activities consisted of modifying the concrete stormwater conveyance channel to 
raise the invert elevation of the channel to ensure groundwater would not intersect the channel and to 
redirect stormwater directly to Outfall 005.  The stormwater conveyance ditch is shown on Figure 2.   

Once stormwater was redirected, Phase 2 of the project was performed.  Phase 2 activities consisted of 
closing the two NPDES ponds by removing accumulated sediment, backfilling the ponds with clean 
backfill material, and grading and seeding the areas to match surrounding terrain.  It is noted that although 
these two ponds were not regulated, they were closed using clean closure methods.   

Regarding the Facility WWTP, decommissioning and dismantling proceeded by first closing the 3 Lime 
Ponds (Figure 2).  The Lime Ponds received solids from potable water treatment and were used to 
temporarily store dried solids from the WWTP.  In 2013, the accumulated lime material was completely 
removed and the three ponds were backfilled with clean backfill material and graded and seeded to match 
surrounding terrain.  It is noted that although these two ponds were not regulated, they were closed using 
clean closure methods.  Then, in 2014, the WWTP was completely dismantled and removed.  Solid waste 
materials were recycled and recovered to the extent possible and the WWTP area was restored to match 
the surrounding terrain.   

All work was performed in agreement with, and under the direction of EPA and PREQB.  Documents 
providing the details of this work can be found in the administrative record for the Facility.       
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2.4 Interim Measures 

2.4.1 Voluntary Interim Stabilization Measure System 

The Voluntary Interim Stabilization Measure (VISM) system has been in operation since 1996 (Figure 2).  
The system is composed of an air-sparging trench, vapor recovery system and vapor treatment units.  The 
VISM system is designed to allow removal of dissolved phase and any free phase light non-aqueous 
phase liquid by volatilization.  The performance objective for this system are to reduce groundwater 
benzene, toluene, ethylbenzene and xylene (BTEX) concentrations to below 200 parts per million (ppm)  
The introduction of air to the subsurface also can enhance the natural microbial bioremediation 
mechanisms within the upper alluvial aquifer in this area.  The performance of the VISM system is 
reported in semi-annual progress reports submitted to the EPA.   

It is noted that BTEX levels have been below the performance standard of 200 ppm at all of the VISM 
wells and piezometers since June 2009. 

2.4.2 Enhanced Fluid Recovery System 

The Enhanced Fluid Recovery (EFR) system is a mobile variation of what is commonly referred to as a 
dual-phase extraction, vacuum enhanced recovery, multi-phase extraction, or “bioslurping.”  The EFR 
technology employs elevated air extraction rates and vacuum pressures to remove contaminants. During 
this process, multiple phases (i.e., vapor, dissolved, adsorbed and, liquid) can be recovered.  EFR also 
stimulates aerobic biodegradation by increasing the supply of oxygen in the subsurface. The performance 
of the EFR system is reported in quarterly progress reports and in an annual summary report that are 
submitted to EPA.   

It is noted that free phase light non-aqueous phase liquid has not been observed in any Facility monitoring 
well since April 2010.  In April 2010, free phase liquid was observed in one well (RW-F) and was only 
observed as a thin sheen on the water surface.    

2.5 Nature and Extent of Contamination 
The nature and extent of Facility-related contamination has been determined through multiple phases of 
RCRA Facility investigation including the original RCRA Facility Investigation (RFI), the Area of 
Concern (AOC) Investigation and the Supplemental RFI (SRFI).  The AOC investigation and SRFI were 
both performed after demolition of the Facility.  All investigations and associated risk assessment work is 
completed and the CMS will focus on developing a site-wide remedy to address the contaminants of 
concern (COCs) identified in the risk assessments.  Of the identified COCs, benzene is the primary risk 
driver with sulfolane as the secondary risk driver.   

2.5.1 Groundwater   

The nature and extent of groundwater contamination is represented by benzene and sulfolane 
contamination.  Benzene was selected because it is the risk driver and the most mobile of the volatile 
organic COCs.  Therefore, benzene extent presents a conservative view of volatile organic chemical 
(VOC) contamination.  Sulfolane was selected because it is a highly mobile semi-volatile organic 
chemical (SVOC) and also a contributor to potential groundwater risk.  Together these chemicals present 
a conservative view of the extent of groundwater contamination.    

In September 2014, CPCPRC submitted the Update of Current Conditions Report to EPA and PREQB.  
The extent of benzene and sulfolane in shallow and deep groundwater based on data collected through 
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June 2014 was presented in that report.  The June 2014 benzene data are presented in Figures 3 and 4, 
respectively.  The June 2014 sulfolane data are presented in Figures 5 and 6, respectively.      

Several observations are made based on examination of the figures: 

• Figure 3 presents the benzene data in the shallow aquifer based on the June 2014 expanded sampling.  
As shown on Figure 3, one benzene plume is observed to extend from beneath the former Process 
Area south for about 2,800 feet (ft) and extends offsite to the east about 200 feet.  The second plume 
is observed along the western edge of the Facility and its alignment is consistent with the alignment 
of a sand channel mapped in this area.  This plume is approximately 1,200 ft in length and extends 
approximately 300 ft offsite.  Of particular note with respect to benzene contamination is the 
observation that the plume previously identified in the past reports in the southeast corner of the 
Facility is no longer present (Figure 3).   

• Figure 4 presents the benzene data in the deep aquifer based on the June 2014 expanded sampling.  
As shown in Figure 4, benzene is below detectable levels in the majority of the deep aquifer 
monitoring wells.  Where benzene is detected, it is found in isolated areas at levels that are below the 
benzene MCL of 5 μg/L. 

• Figure 5 presents the sulfolane data in the shallow aquifer based on the June 2014 expanded 
sampling.  As shown in Figure 5, sulfolane is present in four areas beneath the Facility and extends 
offsite to the east, south, and west.  One plume is observed to extend from beneath the former Process 
Area west for about 2,200 feet (ft) and extends offsite to the west about 600 feet.  The second plume 
is observed along the western edge of the Facility and its alignment is consistent with the alignment 
of a sand channel mapped in this area.  This plume is approximately 2,500 ft in length and extends 
approximately 1,000 ft offsite.  The two other plumes are found along the eastern boundary and 
southeastern boundary of the Facility.  These plumes are also consistent with the alignment of sand 
channels mapped in this area.  One plume is about 1,500 feet in length and extends offsite to the east 
about 500 feet.  The second plume is found in the southeastern corner of the Facility and this plume is 
about 3,200 feet in length and extends offsite to the south about 1,400 feet.   

• Figure 6 presents the sulfolane data in the deep aquifer based on the June 2014 expanded sampling.  
As shown in Figure 5, sulfolane was detected at 14 locations ranging between 3.8 µg/L at MW-106D 
and 2,100 µg/L at MW-46D.  Twelve of the detections were above the conservative risk-based 
screening level (RBSL) for sulfolane of 16 µg/L.   

2.5.2 Soil 

Regarding soil, the nature and extent of soil contamination is based on the 259 surface and subsurface soil 
samples collected during the AOC Investigation plus the 63 surface and subsurface soil samples collected 
during the SRFI.      

The results of the surface soil and subsurface soil sampling are  summarized below: 

• Benzene and sulfolane are found at detectable levels in locations grouped together.  This finding is 
consistent with the conceptual model of contaminant release where petroleum hydrocarbons may 
have been released through the bottoms of the above ground storage tanks (ASTs).  Once released, 
the contaminants moved vertically and generally did not spread laterally.          

• The detections are predominantly VOCs (i.e., BTEX constituents).     

• Sulfolane detections are localized with the highest levels of sulfolane found at AOC Tank 540.  This 
is consistent with the conceptual model of sulfolane use at the Facility.    



     
 

CMS Work Plan  PEI 
CPCPRC Facility  December 2015 

12 

2.5.3 Surface Water and Sediment 

Regarding surface water and sediment, the following provides a summary of the findings of sampling and 
risk assessment work performed in 2013 as part of the AOC Investigation, in 2015 as part of the SRFI, 
and sampling in June 2015.   

2.5.3.1 AOC Investigation - 2013 

The effluent channel data set in the AOC Investigation Report consisted of surface water and sediment 
samples analyzed for the Modified Skinner List of 72 chemicals.  The results of this extensive analysis 
indicated that in surface water, sulfolane was detected in one sample (Ditch-1) at a concentration of 0.94 
μg/L during the December 2012 sampling event.  Sulfolane was not detected at this location during the 
May/June 2012 sampling event.  In sediment, sulfolane was detected at one location (Channel-2) at a 
level of 130 J μg/Kg in May/June 2012.  Sulfolane was not detected in sediment in the December 2012 
samples.  No other organic chemicals were detected in the effluent channel samples.  In addition to 
sulfolane, 6 inorganic constituents were detected in surface water and 13 inorganic constituents were 
detected in sediment.   

The risk assessment in the 2013 AOC Investigation Report evaluated potential human health risk to the 
Trespasser from exposure to surface water and sediment.  The results of the risk assessment indicated no 
potential risk to the Trespasser because the cumulative potential excess lifetime cancer risk (ELCR) 
associated with exposure to sediment of 1 x 10-7 was within EPA’s acceptable risk range.  The combined 
hazard index (HI) was 0.03, which is below the threshold value of one. 

Regarding ecological risk, the conservative screening level ecological risk assessment (SLERA) 
concluded that the potential for risks to benthic invertebrates in the effluent channel sediment due to 
chromium, copper, manganese, nickel, and zinc could not be excluded.  Surface water did not pose a 
potential risk to ecological receptors.   

2.5.3.2 SRFI - 2015 

The effluent channel data set in the SRFI consisted of 6 surface water samples collected during two semi-
annual sampling events in June 2013 and December 2013.  Sediment samples included ten samples 
collected in in November 2013 and six sediment samples collected during two semi-annual sampling 
events in June 2013 and December 2013 

The risk assessment in the 2015 Supplemental RFI Report evaluated potential human health risk to the 
Trespasser from exposure to sulfolane in the surface water and sediment.  The results indicated no 
potential risk to the Trespasser because the combined HI for surface water was 9x10-3 and the combined 
HI for sediment was 5x10-5.  Both of these values are well below the threshold value of one.  An ELCR 
was not calculated because sufolane is not a known carcinogen.   

Regarding ecological risk, it was noted in the report that no studies regarding sediment criteria for 
sulfolane could be found in the literature.  As a result, no sediment quality criteria for sulfolane were 
presented.   

2.5.3.3 June 2015 Semi Annual Sampling 

As part of the ongoing routine semi-annual monitoring, CPCPRC collected 3 sediment samples from the 
effluent channel in June 2015.   No organic chemicals (e.g., BTEX and sulfolane) were detected in any of 
the samples.  Surface water was not present in the channel at the time of sampling and the channel has 
been dry since June of 2014.   
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The results of the surface water and sediment sampling are  summarized below: 

• Since 2013, sulfolane is the only organic chemical detected in surface water and sediment.      

• Surface water and sediment were found to pose no risk to humans.  Potential risks to benthic 
invertebrates in the effluent channel sediment due to chromium, copper, manganese, nickel, and 
zinc could not be excluded 

• The effluent channel has been dry since June 2014 and, with the exception of storm events, this 
condition is expected in the future.  This is because groundwater seepage to the channel is very 
minor, the Facility no longer discharges NPDES-permitted water, and the Fibers superfund site 
discharges at the western edge of the channel.                          

3. PURPOSE  

This section of the CMS Work Plan presents a statement of the overall purpose of the CMS for the 
CPCPRC Facility.  This statement of purpose is consistent with the Order and EPA’s Office of Solid 
Waste and Emergency Response (OSWER) directive for performing a RCRA Corrective Action Plan 
(OSWER Directive 9902.3-2A, RCRA Corrective Action Plan [Final]; EPA, 1994). 

CPCPRC’s overall approach for controlling human exposures and working toward cleanup of the media 
addressed by the CMS is also presented.  

3.1 Overall Purpose of the Corrective Measure Study 
The overall purpose of the CMS at the CPCPRC Facility is to develop and evaluate corrective action 
alternatives, and to recommend the corrective measure(s) that control human exposure to contaminated 
groundwater and soil, control the migration of contaminated groundwater, control benthic invertebrate 
exposure to effluent channel sediment, and ultimately, clean up Facility-related contamination to the 
extent technically practicable.  

3.2 Approach for Corrective Measure Study Work 
The following describes CPCPRC’s proposed approach to CMS work based on RFI work and associated 
risk characterizations.   

3.2.1 Groundwater  

The principal groundwater concern is dissolved phase benzene and sulfolane in upper alluvial 
groundwater.  CPCPRC’s approach to addressing groundwater during the CMS is to develop and evaluate 
alternatives for reducing the levels of COCs in groundwater and eliminating migration of contaminated 
groundwater across the Facility boundaries.   

In the CMS, CPCPRC also plans to evaluate exposure control measures (e.g., institutional and 
engineering controls).  These measures will be evaluated relative to their ability to control exposure in the 
short-term, while other measures work towards the reduction of contaminant levels and extent over time.   

3.2.2 Soil 

Soil contamination is primarily in isolated groups of samples located where historical releases through 
storage tank bottoms occurred.  CPCPRC’s approach to addressing soil during the CMS is to develop and 
evaluate alternatives for reducing or eliminating the levels of COCs in soil.   
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In the CMS, CPCPRC also plans to evaluate exposure control measures (e.g., institutional and 
engineering controls).  These measures would be used in the short-term to control human exposure to 
contamination while other measures work towards the reduction of contaminant levels over time.  

3.2.3 Surface Water and Sediment 

Risk assessment results found that surface water posed no unacceptable risk to humans or to ecological 
receptors.  Sediment posed no unacceptable risks to humans, however, ecological risk from chromium, 
copper, manganese, nickel, and zinc in sediment could not be excluded.   

As a result, the CMS will evaluate measures to eliminate potential ecological risk (e.g., by removing 
sediment and backfilling the channel).   

4.  CORRECTIVE MEASURES OBJECTIVES 
This section presents the preliminary CMOs predicated on CPCPRC’s approach to the CMS that includes 
controlling exposures for the plausible pathways in the short term, controlling the migration of 
contaminated groundwater and, working toward the reduction of contaminant extent and levels over time. 

Table 1 presents the preliminary CMOs for the CPCPRC Facility.  

5. CORRECTIVE MEASURES TECHNOLOGIES 

This section of the CMS Work Plan presents a description of the technologies planned for evaluation in 
the CMS.  The technologies presented herein are based on the technology screening presented in 
CPCPRC’s Laboratory, Field, and Bench-Scale Studies Report (CPCPRC, 1999b), the results of RFI 
investigations, the findings of risk characterization work and, recent bench-scale testing of soil and 
groundwater.  The technologies presented include those technologies considered applicable in addressing 
Facility contaminants, are likely to perform reliably and, will achieve the CMOs presented in Section 4.0 
of this CMS Work Plan. 

5.1 Groundwater 

There is currently no direct exposure to groundwater for human receptors.  The offsite human receptors 
may be at long-term risk, while onsite workers may have short-term exposure to upper alluvial 
groundwater during intrusive work.  The potential groundwater remediation technologies to be evaluated 
include:  

• Containment 

− Physical barriers  
− Hydraulic barriers 

• In-situ Physical/Chemical Treatment 

− In-situ chemical oxidation (ISCO) 
− Air sparging/soil vapor extraction (SVE)  
− Extraction wells/trenches 

• In-situ Biological Treatment 

− Enhanced bioremediation  
− Monitored natural attenuation 
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• Ex-situ Chemical/Physical Treatment (Assuming Extraction) 

− Air stripping 
− Vapor-phase carbon adsorption 
− Oxidative destruction 
− Activated carbon adsorption  
− Activated sludge  

5.2 Soil 
The CMS will include evaluation of the following technologies to address soil contamination:   

• Removal and off-site disposal, 

• In-situ biological treatment, 

• In-situ chemical treatment, and 

• Ex-situ biological or chemical treatment (land farming). 

5.3 Sediment  

The CMS will include evaluation of the following technologies to address sediment contamination:   

• Removal and off-site disposal, and 

• In-situ solidification and stabilization.     

6. IDENTIFICATION AND EVALUATION OF CORRECTIVE MEASURE 
ALTERNATIVES 

This section of the CMS Work Plan presents a general description of the approach for identifying and 
evaluating potential corrective measure alternatives. 

6.1 Identification of Corrective Measure Alternatives 
CPCPRC will develop the Corrective Measure Alternatives based on the CMOs and the specific 
technologies identified in Section 5.0 of this work plan.  The technologies identified for evaluation are 
those considered applicable in addressing Facility COCs, are likely to perform reliably and, may be 
capable of achieving MPSs. 

CPCPRC may elect to identify a current interim measure as, or as part of, a final corrective measure 
alternative.  For example, the VISM trench and/or the EFR systems may play a role in the corrective 
measure alternatives.  

Identified technologies may be used alone or in combination to form the overall corrective measure 
alternatives.  CPCPRC will describe the components of each corrective measure alternative including an 
engineering description of each corrective measure alternative, a conceptual level design that will form 
the basis for the estimate of potential cost for that alternative, how the alternative may be expected to 
perform and, expectations regarding the time-frame for remediation.   
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6.2 Evaluation of Corrective Measure Alternative(s) 
CPCPRC will evaluate each corrective measure alternative and its components based on technical, 
environmental, human health, institutional concerns and, cost.  

6.2.1 Technical Concerns 

Each corrective measure alternative will be evaluated based on performance, reliability, implementability 
and, safety. 

Performance 

Performance will be evaluated based on the effectiveness and useful life of the corrective measure 
alternative. 

• Effectiveness will be evaluated in terms of the corrective measure’s ability to perform intended 
functions, such as containment, destruction or, treatment.  The effectiveness of each corrective 
measure will be evaluated relative to conceptual design specifications or by performance evaluation.  
Any specific site characteristics that could potentially improve or impede effectiveness would be 
considered. 

• Useful life is defined as the length of time the level of effectiveness can reasonably be anticipated to 
be maintained.  Most corrective measure technologies, with the exception of destruction, deteriorate 
with time.  Often, deterioration can be slowed through proper system operations and maintenance 
(O&M), but the technology may eventually require replacement.  Each corrective measure would be 
evaluated in terms of the projected service lives of its component technologies.  Resource availability 
in the future life of the technology, as well as appropriateness of the technologies, could be 
considered in estimating the useful life of the technology. 

Reliability 

Information will be provided on the expected reliability of the corrective measure alternative, including 
its O&M requirements and demonstrated reliability. 

• O&M requirements include the frequency and complexity of necessary O&M.  Technologies that 
require frequent or complex O&M activities may generally be regarded as less reliable than 
technologies requiring little or straightforward O&M.  The availability of labor and materials to meet 
these requirements will also be considered. 

• Demonstrated and expected reliability is a way of evaluating the risk and effect of failure.  CPCPRC 
will evaluate whether the technology has been used effectively under analogous conditions, whether a 
combination of technologies have been used together effectively, whether failure of any one 
technology has an immediate impact on receptors and, whether the corrective measure has the 
flexibility to respond to uncontrollable changes at the Facility. 

Implementability 

The implementability of the corrective measure alternative includes evaluation of the relative ease of 
installation (constructability) and the time required to achieve a given level of response. 

• Constructability is determined by conditions both internal and external to the Facility conditions and 
includes such items as location of underground utilities, depth to water table, heterogeneity of 
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subsurface materials and, location of the measure (i.e., remote location versus an easily accessible 
area).  CPCPRC will evaluate what methods or proceedures can be taken to facilitate construction 
under site-specific conditions.  External factors that affect implementation include the need for 
special permits or agreements, equipment availability and, the location of suitable treatment or 
disposal facilities. 

• Time has two components that will be evaluated: the time it takes to implement a corrective measure 
and the anticipated time required to see beneficial results.  Beneficial results are defined as the 
reduction of contaminants to some acceptable, pre-established remediations level. 

Safety 

Each corrective measure alternative will be evaluated with regard to safety.  This evaluation will include 
the safe operation of the technology, threats to nearby communities and environments, as well as threats 
to workers during implementation.  Factors to consider are physical injury, fire, explosion and, exposure 
to hazardous substances. 

6.2.2 Environmental Concerns 

An environmental assessment for each corrective measure alternative will focus on the Facility conditions 
and pathways of contamination actually addressed by each alternative.  The environmental assessment for 
each alternative will include, at a minimum, an evaluation of the short- and long-term beneficial and 
adverse effects of the corrective measure, any adverse effects on environmentally sensitive areas and, an 
analysis of methods and procedures to mitigate adverse effects. 

6.2.3 Human Health Concerns 

Each corrective measure alternative will be evaluated in terms of the extent to which it mitigates short- 
and long-term potential exposure to any residual contamination and protects human health both during 
and after implementation of the corrective measure.  The assessment will describe the levels of 
contaminants on site, potential exposure routes and, potentially affected populations.  Each alternative 
will be evaluated relative to the level of exposure to contaminants and the anticipated exposure reduction 
over time.   

6.2.4 Institutional Concerns 

The relevant institutional needs will be assessed for each corrective measure alternative.  Specifically, this 
includes the effects of federal, state and, local environmental and public health standards, regulations, 
guidance, advisories, ordinances, or community relations on the design, operation and, timing of each 
corrective measure alternative. 

6.2.5 Cost Concerns 

CPCPRC will develop an estimate of the potential cost for each corrective measure alternative.  The cost 
estimate will include capital and O&M cost. 

7. OUTLINE FOR THE CORRECTIVE MEASURES STUDY REPORT 

The following presents CPCPRC’s proposed outline for the Draft CMS Report: 

Executive Summary 
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Section 1.0 Background 

Overview 

Purpose of the CMS 

Summary of Investigations Performed 

Conceptual Site Model 

Physical System – Surface conditions and subsurface conditions 

Nature and Extent of Contamination in Soil  

Nature and Extent of Contamination in Groundwater 

Fate and Transport  

Chemical Properties and Behavior 

Lithologic Considerations 

 Biodegradation and Natural Attenuation 

Summary of Human Health and Ecological Risk Assessment 

Groundwater 

Surface and Subsurface Soil  

Sediment and Surface Water 

Current Controls 

Enhanced Fluid Recovery (EFR) 

Voluntary Interim Stabilization Measure (VISM)  

Scope of the CMS 

Units Not Considered in the CMS 

Units Considered in CMS 

Section 2.0 Corrective Measures Objectives (CMOs) and Proposed Remediation Goals  

Site-specific objective for the corrective action and proposed remediation goals for the COCs.  

Section 3.0 Corrective Measures Technologies Screening 

Description of the corrective measures technologies for soil and groundwater and the evaluation and 
screening of those technologies.  

Summary and Results of Technology Screening  

Section 4.0 Identification of Corrective Measure Alternatives and Estimated Costs 

Identification of the potential corrective measure alternatives that could potentially address Facility 
conditions and the CMOs.  

Conceptual Design 

 Cost Estimation 

Section 5.0 Evaluation of Corrective Measure Alternatives 
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Detailed evaluation of each corrective measure alternative relative to technical, environmental, human 
health, institutional concerns and, cost.  

Section 6.0 Comparative Analysis and Preferred Alternative 

Comparative Analysis of Alternatives 

Recommended Corrective Measures Alternative. 

Preliminary implementation schedule (design, construction and, operation).   

8. PROJECT ORGANIZATION AND RESPONSIBILITIES 

This section includes a discussion of the overall CMS project management, including the approach, levels 
of authority, line of communication, preliminary project schedule, budget and, anticipated personnel.  
Parties involved in the project for the CMS phase of work at the CPCPRC Facility include the following: 

8.1 Chevron Phillips Chemical Puerto Rico Core, LLC 
Kate Holzhauser – President, Chevron Phillips Chemical Puerto Rico Core LLC, Telephone (832) 813-
4409.   

Paula Mrozek – Environmental Manager, Chevron Phillips Chemical Company (CPC), Telephone (832) 
813-4416.   

Hector Marin – Contract Site Manager, Chevron Phillips Chemical Puerto Rico Core LLC, Telephone 
(787) 597-8971.  

8.2 Technical Consultants 

It is anticipated that PEI will serve as the primary consultant for performing the CMS.  It is anticipated 
that the primary PEI personnel involved in the CMS work will include the following: 

Jake Gallegos, P.G. – Mr. Gallegos has served as the project manager (PM) responsible for overall 
management of the corrective action activities since 1996.  The PM is responsible for directing daily 
project activities and tracing project budget and schedule.  Mr. Gallegos will continue to act in this role 
during the CMS. 

For technical consulting services, CPCPRC may elect to choose other qualified subcontractors than those 
listed herein. CPCPRC will notify EPA of these changes (if any). 

8.3 Other Subcontractors 
Subcontractors for field services, laboratory services and, permitting are anticipated to include the 
following: 

• GETI – is a local drilling services firm that has been providing the field services for the corrective 
action work 

• TestAmerica and ESC – these laboratories have provided analytical services for the Facility for 
including analyses for the groundwater Pilot Testing, Supplemental RFI and AOC Investigation work 
and, the semi-annual monitoring events.  It is anticipated that these laboratories would continue to 
provide analytical services (if required) during the CMS. 
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• ARCADIS – ARCADIS’ local office has been providing local permitting support for the demolition 
and decommissioning and corrective actions work.  It is anticipated that ARCADIS will continue to 
support permitting (if any) for the CMS work.   

For field, laboratory and, permitting support CPCPRC may elect to choose other qualified subcontractors 
than those listed herein.  CPCPRC will notify EPA of these changes (if any). 

8.4 Lines of Communication 
Ms. Paula Mrozek will continue to act as the primary point-of-contact for EPA.  PEI personnel will 
continue to be in direct contact with CPCPRC and CPC personnel directing the project.  Either CPCPRC 
or PEI will direct contractors for field services.   

8.5 Schedule 
Table 2 presents the preliminary schedule for CMS-related deliverables. 

8.6 Budget 
Until agreement with the EPA is reached on the final components of work to be performed during the 
CMS, the budget cannot be accurately determined.  The estimated budget for the CMS work will be 
presented in the CMS Report. 
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Figure 1. Site location, Chevron Phillips Chemical Puerto Rico Core facility.
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Figure 2. Facility features and Chevron Phillips Chemical Puerto Rico Core Facility.
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Figure 3. Extent of benzene in shallow (upper alluvial) groundwater, June 2014.  
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Figure 4. Extent of benzene in deep (lower alluvial) groundwater, June 2014. 
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Figure 5. Extent of sulfolane in shallow (upper alluvial) groundwater, June 2014. 
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Figure 6. Extent of sulfolane in deep (lower alluvial) groundwater, June 2014.
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Table 1. Preliminary corrective measures objectives.  

Preliminary Corrective Measures Objectives 

1 
Reduce contaminant levels groundwater and soil to the remediation goals whenever 
technically practicable, within as short a timeframe that is reasonable, and given the particular 
circumstances of the site.  

2 Prevent future migration of groundwater with contamination above the remediation goals 
beyond the Facility boundaries.  

3 Monitor and document the effectiveness of corrective measures, and modify as necessary to 
meet the remediation goals. 

4 In the short term, control exposures to groundwater and soil in excess of the remediation 
goals. 

5 Eliminate the potential risk to benthic invertebrates from sediment in the effluent channel.  

 
 
Table 2. Schedule for Corrective Measures Study-related deliverables. 

Deliverable Schedule 
Draft CMS Work Plan Submit to EPA and PREQB on or before June 24, 2015 

Final CMS Work Plan 30 days after receipt of EPA and PREQB comment on the Draft CMS Work 
Plan 

Draft CMS Report 90 Days after EPA and PREQB approval of the Final CMS Work Plan 

Final CMS Report 60 days after receipt of EPA and PREQB comment on the Draft CMS 
Report 
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