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Foreword 
Investigation and remediation of contaminated media at Naval Support Activity (formerly 

Coastal Systems Station) Panama City is being performed under the Corrective Action 

Program of the Resource Conservation and Recovery Act (RCRA) and the Hazardous and 

Solid Waste Amendments (HSWA).  Under this program, the following stages have been 

implemented: 

RCRA Facility Assessment (RFA) 1987 

RCRA Facility Investigation (RFI) 1996 

Corrective Measures Study (CMS) 1997 

RFI Addendum   2003 

Based on recommendations in the original RFI, the original CMS focused on four sites,  

Solid Waste Management Units (SWMUs) 3, 9, and 10, and Area of Concern (AOC) 1.  

Between 1997 and 2002, several corrective actions were implemented at the sites to 

address contaminated soils and the presence of free-product.   

In September, 2000, the USEPA rescinded its approval of the original RFI and CMS 

because it determined that the scope and extent of contamination was not fully delineated.  

Thus, an RFI Addendum was prepared in 2003 to update the delineation of the nature and 

extent of contamination at SWMUs 3, 9, and 10, and AOC 1.  For SWMU 3, the RFI is still 

ongoing, so SWMU 3 is not included in this CMS report.  SWMU 9 is not included in this 

report because the sampling for the RFI Addendum found no contaminant concentrations 

that exceeded the Florida Groundwater Cleanup Target Levels (GCTLs) or the Marine 

Surface Water Cleanup Target Levels (SWCTLs).  Thus, based on the RFI Addendum, 

SWMU 9 was given a tentative status of No Further Action (NFA), pending the results of an 

additional round of groundwater sampling scheduled for May, 2003.  In May, 2003, the 

results for SWMU 9 indicated small exceedences of the GCTLs for three contaminants, so 

additional work is required.  During a Panama City Partnering Team meeting on September 

11, 2003, it was agreed that confirmatory sampling would be performed for the three 

contaminants, and the results for SWMU 9 would be summarized in a technical report 

separate from this CMS Addendum. If contamination at SWMU9 persists at levels exceeding 

the Florida GCTLs, then SWMU 9 may be added to the CMS at a later date.   
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This CMS Addendum has been prepared by Southern Division of the Naval Facilities 

Engineering Command, using sampling and analysis data provided by Tetra Tech NUS, Inc.  
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Executive Summary 
Based on recommendations of the original RFI (ABB-ES, 1996) and the RFI Addendum 

(SOUTHDIV, 2003), this Corrective Measures Study (CMS) Addendum identifies, evaluates, 

and recommends corrective actions for the following solid waste management unit (SWMU) 

and area of concern (AOC) at Naval Support Activity (formerly Coastal Systems Station) 

Panama City:   

SWMU 10 Site 363, Oil-Water Separator 

AOC 1 Firefighting Training Area No. 1 

This CMS Addendum is intended to supplement, rather than replace, the original CMS.  

Given below is a summary of original corrective action objectives (CAOs) and corrective 

action alternatives recommended in the original CMS (ABB-ES, 1997), along with the 

Additional CAOs and recommendations of this CMS Addendum.  In an attempt to avoid 

confusion, the numbering system from the original CMS has been continued in this report.  

In the list below, if the CAO is from the original CMS, it is marked “Original, 1997”, and the 

status of that CAO is given.  If the CAO is being developed in this CMS Addendum, it is 

marked below as “Additional, 2003”.   

 

SWMU 10  

CAO 1 (Original, 1997): Remove LNAPL present on the groundwater table in 
excess of 0.1 inch.   

Recommendation: Alternative 10-1, Vapor Enhanced Extraction 

Status: CAO satisfied in 1999 (without implementing Vapor 
Enhanced Extraction).  

 

 

CAO 2 (Additional, 2003): Address groundwater at SWMU 10 containing 1,2,4-
trimethylbenzene, 1-methylnaphthanlene, 2-
methylnaphthanlene, 4-methylphenol, and naphthalene 
with concentrations greater than the Florida GCTLs.   

Recommendation: Alternative 10-2, Monitored Natural Attenuation 
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AOC 1  

CAO 1 (Original, 1997): Address subsurface soil that is acting as a source of 
LNAPL at AOC 1. 

Recommendation Alternative 1-1, In-Situ Bioremediation of Subsurface 
Soil 

Status CAO satisfied in 2002 (using Bioslurping). 

 

 

CAO 2 (Original, 1997): Address, via natural attenuation, groundwater at AOC 
1 containing chemicals with concentrations greater 
than MCLs. 

Recommendation Alternative 1-2, Natural Attenuation 

Status CAO ongoing (proposed modifications to monitoring 
well network are described in Section 3.4.2). 

 

 

CAO 3 (Additional, 2003): Address potential surface water discharge of AOC 1 
groundwater containing 1,1-DCE concentrations 
greater than the Florida Surface Water Cleanup Target 
Level (SWCTL). 

Recommendation: Alternative 1-3, Coastal Contamination Migration 
Monitoring and Monitored Natural Attenuation 
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1. Introduction  
Southern Division (SOUTHDIV), Naval Facilities Engineering Command (NAVFAC), has 

prepared this Corrective Measures Study (CMS) Addendum to identify, evaluate, and 

recommend corrective actions for one solid waste management unit (SWMU) and one area 

of concern (AOC) at Naval Support Activity (formerly Coastal Systems Station) Panama 

City, in Panama City, Florida.  In order to maintain up-to-date information, SOUTHDIV 

contracted Tetra Tech NUS, Inc. (TtNUS) to perform sampling and analysis of groundwater 

and soils in May 2003, and the results are summarized in Chapter 2 of this report.  The 

active SWMUs and AOC at Naval Support Activity (NSA) Panama City are depicted on 

Figure 1.1, and the sites included in this report are the following: 

 SWMU 10  Site 363, Oil-Water Separator 

 AOC 1   Firefighting Training Area No. 1 

The original CMS was completed in April, 1997 (ABB-ES, 1997), and identified corrective 

action objectives (CAOs), media of concern, and corrective action alternatives to address 

the CAOs.  The corrective action alternatives were compared using nine criteria and other 

factors, and a corrective action was recommended for each media.  Since 1997, several of 

the recommended corrective actions have been implemented at the sites to address 

contaminated soils and the presence of free product.  The status of these actions is 

described briefly in Section 3 of this report.  Based on the results of the RFI Addendum 

(SOUTHDIV, 2003) and the interim sampling in May, 2003, additional CAOs and 

recommendations have been developed in this report, using the guidance in RCRA 

Corrective Action Plan (USEPA, 1994).  This CMS Addendum is organized into the following 

sections:   

• Section 1   Introduction  

• Section 2   Current Conditions, describes the results of investigations that have 

taken place at the sites since the completion of the RFI Addendum field work in 

2002.  
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• Section 3   Summary of Original CMS, briefly describes the Corrective Action 

Objectives (CAOs) and the recommended alternatives developed in the original CMS 

(ABB-ES, 1997).  Also described are the corrective measures that have been 

implemented or are ongoing at SWMU 10 and AOC 1.  

• Section 4   Additional Corrective Action Objectives, are developed based on 

current data to supplement the CAOs from the original CMS.  Media Protection 

Standards (MPSs) are proposed.   

• Section 5   Additional Corrective Measure Alternatives.  Potential technologies 

to address the Additional CAOs are identified, screened, and developed.    

• Section 6   Evaluation of Alternatives.  Each alternative technology that passes 

the screen is evaluated against nine criteria and factors that reflect the major 

components of environmental remediation.    

• Section 7   Recommendations.  The preferred alternative for site remediation is 

described and justified.   

• Section 8   References 
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2. Current Conditions 
This chapter describes the results of work that has taken place at the sites since the 

completion of the field investigations in 2002 for the RFI Addendum (SOUTHDIV, 2003).   

2.1 Solid Waste Management Unit (SWMU) 10 
In June, 2002, the remaining underground storage tank was removed from SWMU 10 by 

personnel working on the nearby JP-5 storage facility.  The tank was ruptured during the 

removal, and groundwater came in contact with residues on the inside of the tank.  In 

addition, it appeared that several monitoring wells were damaged or destroyed. TtNUS 

personnel investigated the site in September 2002, using a metal detector and historic maps 

to locate remaining wells.  It was determined that four of the SWMU 10 monitoring wells  

(PC-363-TWC, PC-363-MW-1, PC-363-MW-5D, and PC-363-MW-8) had been destroyed.  

Two of the wells (PC-363-MW-4 and PC-363-MW-6) had damaged surface completions but 

appeared to be usable; and three wells (PC-363-MW-7, PC-363-MW-3 and PC-363-MW-2) 

were undamaged.  Later it was determined that PC-363-MW-4 was not usable.  In May, 

2003, TtNUS installed five replacement wells as shown in Figure 2.1, thus restoring to the 

extent possible the original monitoring well network.  Well construction details for the 

replacement wells are provided in Appendix D.  

2.1.1 SWMU 10 Groundwater Sampling 

Groundwater samples were collected on May 14 and 20, 2003, from wells PCY-10-1R, PC-

363-MW-2, PC-363-MW-3, PCY-10-4R, PCY-10-5RD, PC-363-MW-6, PC-363-MW-7, and 

PCY-10-0 (Figure 2.1).  Field notes from the sampling indicated that well PC-363-MW-3 was 

located in close proximity to the UST Site 325 Air Sparging / Soil Vapor Extraction (SVE) 

System.  Contours maps of the water table (Figure 2.2) from the original RFI (ABB-ES, 

1996) and the RFI Addendum (SOUTHDIV, 2003) indicate that wells PC-363-MW-6, and 

PC-363-MW-7 are up-gradient of the SWMU 10 releases, and PC-363-MW-3 is cross-

gradient.  Thus it is expected that these wells would not be impacted by groundwater 

contamination from SWMU 10.    

Groundwater samples were analyzed for compounds defined by the Contract Laboratory 

Program (CLP) as the Target Compound List (TCL) Volatile Organic Compounds (VOCs by 

USEPA SW-846 8260B) and TCL Semivolatile Organic compounds (SVOCs by USEPA SW-
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846 8270C and PAHs by SW-846 8310).  In addition, groundwater samples were analyzed for 

selected metals (arsenic, sodium, magnesium, calcium, potassium, and manganese), 

dissolved gases (ethane, ethene, and methane), anions (chloride, sulfate, and nitrate / nitrite), 

and total organic carbon (TOC).  At the request of the USEPA, arsenic and manganese were 

included to determine if microbiological activity may be dissolving arsenic and manganese 

from the aquifer solids.  All groundwater samples were collected using low flow methods to 

minimize suspension of solids in the samples, and the groundwater elevation was measured 

in each monitoring well.   

2.1.2 SWMU 10 Soil Sampling 

Current soil contaminant levels at SWMU 10 were characterized using a direct-push 

technology (DPT) soil-sampling device (Geoprobe  system) to obtain subsurface soil 

samples.  The DPT sampler was used to collect samples from discrete intervals above the 

zone of groundwater saturation.  Samples were taken from depths of 2 to 4 ft below ground 

surface (bgs), 4 to 6 ft bgs, and 6 to 8 ft bgs at 18 locations in the vicinity of the UST that 

had been removed from SWMU 10 (Figure 2.1).  Subsurface soil samples were screened for 

significant Organic Vapor Analyzer (OVA) responses; i.e., any corrected reading above 10 

ppm detected in soil samples collected above the water table.  Based on the soil screening, 

six subsurface soil samples showing the highest level of contamination were selected for 

laboratory analysis.  Samples PCYS10Z-306, PCYS10Z-506, PCYS10Z-906, and 

PCYS10Z-1406 were taken from 4 to 6 ft bgs, and PCYS10Z-904 and PCYS10Z-1404 from 

2 to 4 ft bgs.  These soil samples were collected in accordance with USEPA SOPs (USEPA 

1996) and USEPA SW-846 Method 5035.   

Soil samples were analyzed for TCL Volatile Organic Compounds (VOCs by USEPA SW-846 

8260B) and TCL Semivolatile Organic compounds (SVOCs by USEPA SW-846 8270C and 

PAHs by SW-846 8310) and total arsenic, cadmium, chromium, and lead (USEPA method 

SW-846 6010B analysis).  Total recoverable petroleum hydrocarbons (TRPH) were 

analyzed using the Florida Petroleum Residual Organic (FL-PRO) method and the Total 

Petroleum Hydrocarbon Criteria Working Group (TPH Working Group) method.  In addition, 

3 soil samples were subjected to the Synthetic Precipitation Leaching Procedure (SPLP), 

and analyzed for VOCs by SW-846 8260B, SVOCs by SW-846 8270C, and TPH by FL-

PRO.   
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2.1.3 SWMU 10 Results 

Groundwater.  For the 2003 groundwater sampling, Table 2.1 and Figure 2.3 show the 

exceedences of the Florida Groundwater Cleanup Target Levels (GCTLs) and Surface 

Water Cleanup Target Levels (SWCTLs).  In PCY-10-1R, the measured phenanthrene 

concentration of 2.5J ug/L exceeds the SWCTL but not the GCTL.  The SWCTL was 

developed for Total PAHs, and it is applied to phenanthrene because this chemical does not 

have a specific SWCTL.  Phenanthrene has a high soil-water partition coefficient (Fetter, 

1993), indicating that it adsorbs strongly to soils and is relatively immobile in groundwater.  It 

was detected only in the source zone well, PCY-10-1R, indicating that it is not migrating to 

wells down-gradient or to surface water.  Therefore, the GCTL is taken as the applicable 

standard for phenanthrene at SWMU 10, and phenanthrene does not exceed the GCTL.   

Out of 9 wells sampled (Table 2.1), there were 6 exceedences for manganese and one 

exceedence for arsenic.  Maximum concentrations occurred in well PCY-10-4R, with arsenic 

at 90.3 ug/L and manganese at 996 ug/L.  These results were unexpected because prior 

studies had found concentrations of these metals to be much lower.  For example, in the 

original RFI (ABB-ES, 1996), the maximum concentration of arsenic in unfiltered 

groundwater was 14.2 ug/L, which was significantly lower than the average background 

concentration of 42 ug/L.  The RFI Addendum (SOUTHDIV, 2003) reported that arsenic was 

not detected in SWMU 10 groundwater.  For manganese, the original RFI reported a 

maximum concentration in unfiltered groundwater of 117 ug/L, versus the maximum 

background concentration of 165 ug/L.  The RFI Addendum reported manganese at 102J 

ug/L in well PC-363-TCW, and the highest concentration in the other wells was 18.6 ug/L.  

Note that since manganese must comply with groundwater quality secondary standards, the 

site concentrations are compared to the maximum background concentration, rather than 

the average.   

One possible cause of the abrupt increase in arsenic and manganese could be the soil 

backfill that was brought in after the UST was removed in June, 2002.  The fill was not 

tested, so its properties are unknown.  However, Table 2.1 shows that manganese was 

elevated in PC-363-MW-3, which is cross-gradient to the UST excavation zone (Figure 2.2).  

Thus, it is unlikely that the manganese in PC-363-MW-3 originated from the SWMU 10 

backfill.   
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Another potential source of arsenic and manganese could be the air sparging system at 

UST Site 325 that began operating in February, 2003.  Water table elevations (Figure 2.2) 

show that groundwater flows from the air sparging treatment area toward several SWMU 10 

wells.  In addition, the 2003 dissolved oxygen (DO) concentrations were elevated in three 

SWMU 10 wells located near the air sparging system.  In May, 2003, DO concentrations 

were 7.43 mg/L in PC-363-MW-3, 8.55 mg/L in PCY-10-4R, and 9.59 mg/L in PCY-10-9.  

Prior to startup of the air sparging system, the maximum DO concentration at SWMU 10 was 

measured at 2.5 mg/L in PC-363-MW-3 (SOUTHDIV, 2003).  The 2003 Oxidation Reduction 

Potential (ORP) showed a similar trend (Table 2.1), as ORP was  negative in all wells except 

PC-363-MW-2, PC-363-MW-3, and PCY-10-4R.  In addition, the pH was close to 6.5 for 

most of the wells, but pH was 2.72 in PC-363-MW-3 and 2.39 in PCY-10-4R.  This 

represents a 4 order of magnitude decrease compared to 2002, when pH was 6.35 in well 

PC-363-MW-3 and 6.5 in well PC-363-MW-4.   

All combined, the DO, ORP, and pH readings, plus the groundwater flow direction, indicate 

that wells PC-363-MW-3 and PCY-10-4R are being impacted by the air sparging at UST Site 

325.  In addition, PCY-10-8R is probably impacted, based on the elevated DO concentration 

(Table 2.1) and groundwater flow direction.  At the same time, Table 2.1 shows that the 

highest exceedences of arsenic and manganese also occurred at these 3 wells.  This 

information suggests that the following processes are occurring.  First, the air sparging 

introduces oxygen, which raises the DO concentration and the ORP in groundwater.  

Second, microbes use the oxygen to biodegrade the fuels at UST Site 325, producing 

carbon dioxide and lowering the pH in groundwater.  The concentration of arsenic and 

manganese in groundwater depends on complex processes involving ORP and pH, among 

other factors (Fetter, 1993).  For manganese, the dominant factor is pH, with manganese 

solubility (and groundwater concentration) increasing as pH decreases.  Therefore the 

decrease in pH observed in wells PC-363-MW-3 and PCY-10-4R can explain the abrupt 

increase in manganese concentrations at SWMU 10.  For arsenic, the concentration may be 

more dependent on ORP than pH, and as a rule of thumb, many arsenic compounds 

become less soluble as pH decreases.  However, when pH reaches extremely low values 

(i.e., less than 3) as observed in 2 wells at SWMU 10, it is possible that arsenic is being 

converted from arsenate to the more mobile arsenite form.  This could explain the observed 

exceedence of arsenic in well PCY-10-4R.   
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In summary, it is unlikely that the 2003 exceedences of arsenic and manganese (Table 2.1) 

are related to the original releases from SWMU 10.  Instead, evidence suggests that the 

abrupt increases in manganese and arsenic are associated with the startup of the air 

sparging system in February 2003 at nearby UST Site 325.   

At well PC-363-MW-2, the concentration of bis(2-ethylhexyl)phthalate exceeded the GCTL in 

May, 2003 (Figure 2.3), and it showed a similar exceedence at this well in 2002.  Bis(2-

ethylhexyl)phthalate is the most widely used chemical in the group of phthalates or phthalic 

acid esters.  It serves as a plasticizer for polyvinylchloride (PVC), rubber, cellulose and 

styrene that is used in a variety of packaging materials and tubings.  Bis(2-

ethylhexyl)phthalate is also used in insect repellants, pesticide carriers, cosmetics, rubbing 

alcohol, liquid soap, detergents, decorative inks, lacquers, munitions, industrial and 

lubricating oils, defoaming agents for paper and paperboard manufacturing, photographic 

film, wire, cable, and adhesives.   

According to the Agency for Toxic Substances and Disease Registry (ATSDR, 2002), “bis(2-

ethylhexyl)phthalate (or DEHP) is a widely used chemical that enters the environment both 

through disposal of industrial and municipal wastes in landfills and by leaching into 

consumer products stored in plastics.  It tends to sorb strongly to soils and sediments and to 

bioconcentrate in aquatic organisms. Biodegradation is expected to occur under aerobic 

conditions.”  The ATSDR (2002) adds that, “release of DEHP into the environment is 

thought to originate from diffuse sources, mainly from end-uses of DEHP (e.g., as an 

additive to plastics).”   

Bis(2-ethylhexyl)phthalate is a common laboratory contaminant, but it was not reported in 

the lab blanks or equipment rinsate samples for SWMU 10, so its detection cannot be traced 

to the laboratory.  In both 2002 and 2003, the dissolved oxygen (DO) concentration at well 

PC-363-MW-2 was greater than 1 mg/L, which is sufficient to support aerobic 

biodegradation of bis(2-ethylhexyl)phthalate.  Under aerobic conditions, and because bis(2-

ethylhexyl)phthalate adsorbs strongly to soil particles, it is unlikely to migrate significantly in 

groundwater at SWMU 10.   

Soil.  The results of the 2003 soil sampling (Table 2.2) show two exceedences of the 

residential Soil Cleanup Target Level (SCTL) for arsenic.  The concentrations of 0.94 and 

0.91 mg/kg are only slightly above the arsenic residential SCTL of 0.8 mg/kg; however, in 
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2001, arsenic was not even detected in soil at SWMU 10.  This abrupt increase suggests 

the possibility that the backfill for the UST removal may have contained arsenic.  In the 

original RFI (ABB-ES, 1996), background values for arsenic in subsurface soil are not 

available, but the site specific background concentration of arsenic in surface soil was 

reported as 1.3 mg/kg.  This result is similar to surface soils throughout Florida, as Chen et 

al. (2001) report arsenic concentrations ranging from 0.01 to 50.6 mg/kg, with a 95% upper 

confidence level (UCL95) of the mean of 1.34 mg/kg.  Thus, if the SWMU 10 backfill came 

from a surface soil source, it is possible that it contained arsenic concentrations that account 

for the SWMU 10 detections in 2003.   

Table 2.2 also shows exceedences for Total Petroleum Hydrocarbon (TPH C8-C40) 

analyzed by the Florida Petroleum Residual Organic (FL-PRO) method.  As explained in the 

technical report Development of Soil Cleanup Target Levels (SCTLs) for Chapter 62-777, 

F.A.C. (FDEP, 1999), the Florida SCTLs for TPH are based on a 2 tiered approach.  In the 

first tier, the primary SCTL is based on the assumption that all of the TPH consists of 

aromatic hydrocarbons in the range C8-C10 or greater, and the applicable analytical method 

is the FL-PRO.  If the primary SCTL is exceeded, then the second tier allows the TPH to be 

sub-classified, with each class having its own SCTL (FDEP, 1999).  In this case, the 

applicable analytical method is the TPH Criteria Working Group (TPH Working Group) 

method, which separates aliphatics and aromatics, and further subdivides on the basis of 

equivalent carbon number index.  The TPH detections from the TPH Working Group method 

are also reported in Table 2.2, along with the associated SCTLs taken from FDEP (1999).  

The results of the TPH Working Group method indicate that TPH at SWMU 10 was 

comprised predominantly of heavier compounds, and the SCTLs were not exceeded for any 

of the sub-classes.   

The Synthetic Precipitation Leaching Procedure (SPLP) resulted in no detections for SVOCs 

and TPH (Table 2.3).  For VOCs, there were slight exceedences of the GCTL for benzene 

and toluene, indicating the potential for these compounds to migrate from soil to 

groundwater.  However, benzene was not detected in the SWMU 10 monitoring wells, and 

toluene was detected in only one well at a concentration of 0.3J ug/L, which is much lower 

than the GCTL of 40 ug/L.  Thus, the SPLP results, together with the groundwater data, 

indicate that subsurface soils at SWMU 10 are not a source of groundwater contamination.  
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2.2 Area of Concern (AOC) 1 
2.2.1 AOC 1 Groundwater Sampling 

Groundwater samples were collected during May 15 to 20, 2003, from the monitoring wells 

listed in Table 2.4 and shown in Figure 2.4.  PCY-13-3S was not sampled because it 

contained free product.  PCY-13-7S was not sampled because it was partially blocked with 

roots and was abandoned on May 5, 2002.  Historically, PCY-13-7S had always been a 

“clean” well.   

Groundwater samples were analyzed for compounds defined by the CLP as the TCL Volatile 

Organic Compounds (VOCs by USEPA SW-846 8260B) and TCL Semivolatile Organic 

compounds (SVOCs by USEPA SW-846 8270C and PAHs by SW-846 8310).  In addition, 

groundwater samples were analyzed for selected metals (arsenic, sodium, magnesium, 

calcium, potassium, and manganese), dissolved gases (ethane, ethene, and methane), 

anions (chloride, sulfate, and nitrate / nitrite), and total organic carbon (TOC).  At the request 

of the USEPA, arsenic and manganese were included to determine if microbiological activity 

is dissolving arsenic and manganese from the aquifer solids.  All groundwater samples were 

collected using low flow methods to minimize suspension of solids in the samples, and the 

groundwater elevation was measured in each monitoring well. 

2.2.2 AOC 1 Results 

The results of the 2003 groundwater sampling are given in Table 2.4, and exceedences of 

the GCTLs or the SWCTLs are shown in Figure 2.5.  The majority of exceedences occur 

only at the source zone well PCY-13-10S, indicating that most of these compounds 

attenuate before the groundwater reaches wells down-gradient.  All exceedences in the 

source zone are below the Florida Natural Attenuation Default Source Concentrations (FAC 

62-777), with the possible exception of 3&4-methylphenol, which was reported at 45 ug/L.  

The Natural Attenuation Default Source concentration is 350 ug/L for 3-methylphenol and 40 

ug/L for 4-methylphenol.  Even if all of the 3&4-methylphenol is assumed to be in the form of 

4-methylphenol, the concentration is only slightly above the Natural Attenuation Default 

Source concentration.   

Down-gradient of the source, exceedences occurred with 1,1-DCE, benzene, bis(2-

ethylhexyl)phthalate (or DEHP), and phenanthrene, but all of the reported values are close 

to the GCTLs and SWCLTs (Figure 2.5).  Arsenic was measured as a geochemical indicator 
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of natural attenuation, and the highest concentration was 17.7 ug/L versus the background 

concentration for unfiltered groundwater of 50.9 ug/L (ABB-ES, 1996).  The arsenic GCTL of 

50 ug/L will eventually be lowered to 10 ug/L in order to reflect the recent lowering of the 

maximum contaminant level (MCL) for arsenic.   

With regard to the geochemical parameters (Table 4.6), the most important indicator at AOC 

1 is dissolved oxygen (DO), as any value above 0.5 mg/L typically indicates an aerobic 

aquifer.  While some DO values are slightly less than 0.5 mg/L, most DO concentrations are 

greater than 0.5 mg/L, suggesting that the aquifer is predominantly aerobic.  With the 

exception of TCE in the source zone, all of the contaminants that show exceedences will 

undergo aerobic biodegradation.  In general, the reported DO concentrations are lower in 

2003 than 2002.  For example, in wells PCY-13-17S, PCY-13-17I, PCY-13-17D, the DO 

ranged from 1.0 to 2.5 mg/L in 2002 versus 0.35 to 0.45 mg/L in 2003.   
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3. Summary of Original CMS  
This section describes the Corrective Action Objectives (CAOs) from the original CMS, the 

corrective action alternatives selected, and corrective measures that have been 

implemented since 1997.  In the original CMS (ABB-ES, 1997), the results of the original 

RFI, including Human Health and Ecological Risk Assessments, were used to develop 

CAOs for specific media.  Corrective action alternatives were evaluated, and a 

recommended corrective action was selected.  For groundwater, corrective action is based 

on the Florida Groundwater Cleanup Target Levels (GCTLs), which correspond to a risk 

level of 10-6.   

3.1 SWMU 10 Objectives and Alternatives 
At SWMU 10, the original CMS developed the following CAO and recommended alternative:   

3.1.1 LNAPL Corrective Action 

Corrective Action Objective (CAO) 1 

Remove LNAPL present on the groundwater table in excess of 0.1 inch.   

Recommended Corrective Action 

Alternative 10-1, Vapor Enhanced Extraction 

Corrective Action Status 

CAO satisfied in 1999 (without implementing Vapor Enhanced Extraction). 

3.2 SWMU 10 Corrective Actions Completed 
In May 1999, Dames and Moore completed quarterly free-product measurements and a 

groundwater sampling event at SWMU 10.  The conclusions and recommendations of the 

sampling event were that  

• “LNAPL was not present in well MW-1 for the last scheduled quarterly measurement 

collected May 18, 1999.  Thus, the requirements for the CMS have been met, as 

LNAPL has not been detected in well since March 31, 1998 or a period of 17 

consecutive months. 
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• Groundwater sampling of wells MW-1, MW-4, and MW-5D did not indicate the 

presence of VOCs, SVOCs, or metals at a level above groundwater criteria. 

• The requirements of the CMS LNAPL monitoring plan for discontinuing LNAPL 

measurements at MW-1 and sampling PC-363-MW-1, PC-363-MW-4, and PC-363-

MW-5D have been met.  Therefore, it is recommended that LNAPL measurements 

and associated groundwater sampling at SWMU 10 be discontinued in accordance 

with the CMS (Dames and Moore, 1999).” 

3.3 AOC 1 Objectives and Alternatives 
For AOC 1, the selected CAOs and recommended alternatives from the original CMS are 

described below for the relevant media.    

3.3.1 Subsurface Soil Corrective Action 

Corrective Action Objective (CAO) 1 

Address subsurface soil that is acting as a source of LNAPL at AOC 1.   

Recommended Corrective Action 

Alternative 1-1, In-Situ Bioremediation of Subsurface Soil 

Description of Recommended Corrective Action 

The original CMS proposed that a soil vapor extraction / bioventing (SVE/BV) system 

be operated after completion of bioslurping, which was in the pilot phase at that time 

(ABB-ES, 1997).  It was recognized that the SVE/BV system could take advantage of 

equipment installed for bioslurping, and it was also anticipated that bioslurping would 

reduce the contaminant concentrations in the subsurface soil.  The CMS estimated a 

treatment duration of 1.5 to 3 years for the SVE/BV system, based on the 

observation from Test Plan and Technical Protocol for a Field Treatability Test for 

Bioventing (USAFCEE, 1992) that most BV systems require 2 to 3 years of operation 

to significantly reduce hydrocarbon concentrations in subsurface soil.   

Justification of Recommended Corrective Action 

The original RFI (ABB-ES, 1996) calculated no unacceptable human health risks for 

exposure to subsurface soil by a future excavation worker.  Also, the RFI determined 

that there was no exposure pathway for ecological receptors to subsurface soil.  

Although no risks were identified for subsurface soil, the RFI indicated that LNAPL 
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was present within the subsurface soil matrix, so CAO 1 was identified to address 

this source of LNAPL.   

Corrective Action Status 

CAO satisfied in 2002 (using Bioslurping). 

3.3.2 Groundwater Corrective Action 

Corrective Action Objective (CAO) 2 

Address, via natural attenuation, groundwater at AOC 1 containing chemicals with 

concentrations greater than MCLs.   

Recommended Corrective Action 

Alternative 1-2, Natural Attenuation 

Description of Recommended Corrective Action 

The original CMS proposed the following components of the Natural Attenuation 

alternative:   

• Groundwater monitoring would occur quarterly for the first year and annually 

thereafter, with samples taken from monitoring wells PCY-13-3, PCY-13-9S, 

PCY-13-6I, PCY-13-6S (Figure 2.4).  Samples would be analyzed for VOCs, 

SVOCs, and geochemical parameters to confirm degradation of contaminants, 

especially 1,1-DCE.  The original CMS estimated that groundwater monitoring 

could be discontinued after 5 years, “if it is determined that natural attenuation is 

sufficiently reducing contaminant concentrations at AOC 1 (ABB-ES, 1997, p. 6-

17).”   

• Numerical groundwater modeling would simulate contaminant transport and 

degradation over time.  The model would be updated at least annually to 

incorporate new data or site changes.   

• Land use restrictions could be implemented if groundwater monitoring and 

modeling showed no degradation of 1,1-DCE within the first 5 years.  If needed, 

restrictions could be placed on the consumption of untreated groundwater from 

the surficial aquifer at AOC 1.  
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Justification of Recommended Corrective Action 

The original CMS determined that active groundwater remediation was not 

necessary at AOC 1 due to the following:  source reduction through LNAPL removal 

was planned for the site, exposure to groundwater was not predicted under the 

industrial land use scenario, natural attenuation was expected to be effective for the 

contaminants detected above MCLs at AOC 1. 

Corrective Action Status 

CAO ongoing (proposed modifications to monitoring well network are described in 

Section 3.4.2).   

3.4 AOC 1 Corrective Actions Completed 
3.4.1 Corrective Actions for Subsurface Soil 

A bioslurping system was installed to recover free-product, and the full scale system 

operated initially from August 1997 to October 1999.  Following a drop in the water table 

elevation, the system was restarted in October 2000 and operated until April 2001.  Thus, 

the bioslurper operated for almost 4 years, which is longer than the 1.5 to 3 year operation 

time that the original CMS proposed for the SVE/BV system.  Bioslurping involves vacuum 

enhanced pumping of water, air, and non-aqueous phase liquid (NAPL) from a network of 

recovery wells (Battelle, 2002).  In addition to physical removal of contaminants, the 

bioslurper also stimulates biodegradation as it pulls air through the unsaturated zone, 

making oxygen available to microorganisms.  Details of the bioslurping operation are 

described by Battelle (2002).  Thus, during its operation, the bioslurper pumped significant 

volumes of air through the unsaturated source zone, just as would occur with SVE/BV.  

Furthermore, at times, certain bioslurping wells were actually operated in a bioventing mode 

(Battelle 2002).   

For the bioslurper overall, a total of 53,000 lb of product was removed as free NAPL, 

emulsified in the aqueous phase, or as vapor in the air phase.  The success of the 

bioslurper was indicated not only by the reduction of LNAPL thickness in monitoring wells, 

but also by the decrease in groundwater contaminants in the source zone wells (PCY-13-

3S, PCY-13-3D, PCY-13-10S, and PCY-13-10I shown in Figure 2.4).  The RFI Addendum 

(SOUTHDIV, 2003) reported that benzene, 1,1-DCA, and 1,1-DCE were not detected in the 

source zone wells in April 2002, indicating that the bioslurper had removed the source of 
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these contaminants.  Benzene, 1,1-DCA, and 1,1-DCE appear to be the most mobile 

contaminants at AOC 1, and they are the only ones that have the potential to migrate to St. 

Andrew Bay.   

The results of the bioslurping indicate that the CAO to “address subsurface soil that is acting 

as a source of LNAPL” has been achieved, such that additional SVE/BV is not needed at 

AOC 1.  No additional subsurface soil samples were taken as part of the bioslurping, but the 

original RFI identified no risks associated with subsurface soil at AOC 1.  Thus, the 

bioslurper acted effectively as a replacement remedy for subsurface soils at AOC 1. 

3.4.2 Corrective Actions for Groundwater 

As a response to comments by the regulatory agencies, the original CMS recommended 

further study for AOC 1, and it was agreed that the following data would be collected: 

• A groundwater sample from monitoring well PCY-13-9S to be analyzed for 

dioxins and furans.   

• Groundwater samples to be analyzed for parameters to assess the effectiveness 

of natural attenuation at AOC 1.   

The Technical Memorandum Data Assessment (ABB-ES, 1998) reports that groundwater 

from monitoring well PCY-13-9S was analyzed for dioxins and furans, and all results were 

below detection limits.   

Groundwater samples have been analyzed for geochemical parameters to assess the 

effectiveness of natural attenuation at AOC 1.  This work was performed as part of the 

Technical Memorandum Data Assessment (ABB-ES, 1998), the RFI Addendum 

(SOUTHDIV, 2003), and the interim sampling in May, 2003.  Results indicate that the aquifer 

is primarily aerobic, creating conditions for effective biodegradation of the significant 

contaminants (benzene, 1,1-DCA, and 1,1-DCE).   

Results of groundwater samples taken in 1994, 1997, 2002, and 2003 indicate that 

concentrations of benzene, 1,1-DCA, 1,1-DCE have dropped significantly over time.  Thus, 

the data suggest that natural attenuation is viable, and CAO 2 for groundwater should be 

continued.  However, based on the 2001 DPT investigation, the original monitoring well 

network has been improved significantly.  Therefore, to satisfy CAO 2 using Natural 

Attenuation at AOC 1, the following changes are proposed to the monitoring well network:   
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1.   For the source zone, substitute well PCY-13-10S for well PCY-13-3, since 

well PCY-13-10S was located by the DPT investigation for optimal monitoring 

of the source zone.   

2.  Add PCY-13-14I, PCY-13-17S, PCY-13-17I, PCY-13-17D, PCY-13-18S, 

PCY-13-18I, and PCY-13-18D, since these wells are located where 

exceedences of the GCTLs or SWCTLs have occurred during the most 

recent sampling events in 2002 and 2003.  

3. Remove wells PCY-13-6S and PCY-13-6I, since these well showed no 

exceedences of the GCTLs or SWCTLs in 2002 or 2003.  
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4. Additional Corrective Action Objectives 
This section describes additional Corrective Action Objectives (CAOs) that supplement the 

CAOs from the original CMS.  Development of each additional CAO is guided by the original 

RFI (ABB-ES, 1996), including Human Health and Ecological Risk Assessments, the RFI 

Addendum (SOUTHDIV, 2003), the interim sampling performed in May, 2003, and 

applicable Federal and State regulatory requirements.  Regulatory requirements are 

identified in the original CMS and are not repeated here.  For each contaminated medium 

that requires corrective action, Media Protection Standards (MPSs) are proposed as goals 

for remediation.   

4.1 SWMU 10 Subsurface Soil  
The RFI Addendum (SOUTHDIV, 2003) involved additional investigation of subsurface soil 

and groundwater at SWMU 10.  For subsurface soil, results show that the maximum 

detected concentrations of VOCs and SVOCs decreased between 1993 and 2001, and in 

2003 there were no exceedences of SCTLs by VOCs or SVOCs.  In 2001 and 2003, Total 

Petroleum Hydrocarbons (TPH) measured by the FL-PRO method showed exceedences of 

the GCTLs.  However, further analysis in 2003 by the TPH Working Group method indicated 

that the TPH was composed predominantly of heavier compounds, and the applicable 

GCTLs were not exceeded.  For inorganics, the arsenic concentration was higher in 2003 

than in any previous period.  This increase may be due to the backfill that was placed 

following the UST removal in June 2002.  Overall, the historic data indicate that arsenic is 

not related to the original releases from the oil-water separator at SWMU 10.  

Using the 1993 data, the original RFI reported no unacceptable human health risk from 

potential exposure to subsurface soil by a future excavation worker.  In addition, no 

exposure pathways were identified for ecological risk.  Thus, the original CMS did not 

develop CAOs for subsurface soil at SWMU 10, and no CAOs for subsurface soil are 

currently proposed.  However, in order determine if the soil may be acting as a source of 

elevated groundwater concentrations of arsenic and manganese, samples of the backfill will 

be taken as part of the corrective action for groundwater at SWMU 10.   
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4.2 SWMU 10 Groundwater  
The original CMS stated that following LNAPL removal, the groundwater would be analyzed 

to ensure that contaminant concentrations are below MCLs.  In 2002, bis(2-

ethylhexyl)phthalate and manganese were detected above the Florida GCTLs.  In 2003, 

exceedences of the GCTLs occurred for the VOC 1,2,4-trimethylbenzene; the SVOCs 1-

methylnaphthanlene, 2-methylnaphthanlene, 4-methylphenol, bis(2-ethylhexyl)phthalate, 

and naphthalene; and the inorganics arsenic and manganese.  As described in Section 

2.1.3, arsenic, manganese, and bis(2-ethylhexyl)phthalate are not believed to be site 

related, so they are not included in the corrective action objective (CAO).  However, under 

any proposed corrective action alternative, arsenic and manganese in groundwater would 

be monitored, and it is expected that their concentrations will decrease to acceptable levels 

after the air sparging is complete at UST Site 325.  The following additional CAO is 

proposed for SWMU 10:   

Additional Corrective Action Objective (CAO) 2  

Address groundwater at SWMU 10 containing 1,2,4-trimethylbenzene, 1-

methylnaphthanlene, 2-methylnaphthanlene, 4-methylphenol, and naphthalene with 

concentrations greater than the Florida GCTLs.   

Media Protection Standards 

For groundwater at SWMU 10, the Media Protection Standards (MPSs) would be the 

state of Florida Department of Environmental Protection (FDEP) Groundwater 

Cleanup Target Levels (GCTLs).   
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4.3 AOC 1 Groundwater 
Figure 2.5 shows current monitoring well locations and exceedences of the GCTLs and 

SWCTLs from the 2003 sampling at AOC 1.   

In 2002, bis(2-ethylhexyl)phthalate was measured in well PCY-13-13S at 5.2 ug/L, which 

exceeds the SWCTL of 0.02 ug/L but not the GCTL of 6 ug/L.  In 2003, bis(2-

ethylhexyl)phthalate was not detected in well PCY-13-13S, but it was measured as 18J ug/L 

in well PCY-13-18S.  Published reports (e.g. ATSDR, 2002) indicate that bis(2-

ethylhexyl)phthalate adsorbs strongly to soil and degrades under aerobic conditions (see 

Section 2.1.3).  These characteristics cause bis(2-ethylhexyl)phthalate to be relatively 

immobile in groundwater.  Wells PCY-13-13S and PCY-13-18S are both greater than 500 ft 

from the AOC 1 source area, and bis(2-ethylhexyl)phthalate was not detected in any other 

AOC 1 wells.  Thus, it is unlikely that the detections in PCY-13-13S and PCY-13-18S are 

related to AOC 1, and bis(2-ethylhexyl)phthalate was not considered in additional CAO 

development.   

For 1,1-DCE, the DPT investigation in 2001 and monitoring well sampling in 2002 and 2003 

(Figure 4.1) showed exceedences near St. Andrew Bay of the Florida Marine Surface Water 

Cleanup Target Level (SWCTL) of 3.2 ug/L.  The DPT investigation indicated that 1,1-DCE 

is completely depleted in the source zone, but it has migrated laterally to the edge of St. 

Andrew Bay at concentrations slightly above the SWCTLs (Figures 4.2 and 4.3).  However, 

the 1,1-DCE exceedences occur at depths of 10 to 30 ft below the water table, such that 

further migration (vertically upward) is required before contamination would discharge into 

the surface water of the bay (Figure 4.3).  Since there are no wells or DPT locations in the 

bay, it is unknown where the discharge to surface water would occur.  Theoretically, it is 

possible that the contaminants would attenuate (through biodegradation, dilution, and 

dispersion) prior to reaching surface water, especially since the source has been eliminated, 

and the measured concentrations are close to the SWCTL.  In 2003, the highest measured 

concentration of 1,1-DCE in nine wells on the shoreline (Figure 4.1) was 5J, versus the 

SWCTL of 3.2 ug/L.  Between 1997 and 2002, the RFI Addendum showed that 1,1-DCE 

concentrations had decreased significantly, indicating that attenuation processes are at 

work.  After 2002, 1,1-DCE concentrations continued to decrease, a trend that is best 

observed in well PCY-13-14I, where the highest concentrations occurred.  From 2002 to 



CMS Addendum NSA Panama City  Additional Corrective Action Objectives  
  01/20/2004 

 4-4

2003, the 1,1-DCE concentrations dropped from 18.6 to 11 ug/L (Figure 4.1), indicating that 

natural attenuation processes continue to be effective.   

Because the 2002 and 2003 sampling suggests the potential for groundwater containing 

1,1-DCE to discharge to surface water, the following CAO was developed: 

Additional Corrective Action Objective (CAO) 3  

Address potential surface water discharge of AOC 1 groundwater containing 1,1-

DCE concentrations greater than the Florida SWCTL. 

Media Protection Standards 

For AOC 1 groundwater discharging to St. Andrew Bay, the Media Protection 

Standard (MPS) would be the state of Florida Department of Environmental 

Protection (FDEP) Surface Water Cleanup Target Level (SWCTL).   
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5. Additional Corrective Measure Alternatives 
In this section, technologies for accomplishing the Corrective Action Objectives (CAOs) are 

identified, screened, and developed into alternatives.   

5.1 SWMU 10 Additional Corrective Measure Alternatives 
5.1.1 SWMU 10 Technology Identification and Screening  

Source reduction has already taken place at SWMU 10 through tank and soils excavation.  

Given the very low concentrations of contaminants in groundwater, it is unlikely that an 

active remedy or further excavation would achieve the Corrective Action Objective (CAO) for 

groundwater.  Therefore, only one technology alternative, Monitored Natural Attenuation 

(MNA), is proposed for SWMU 10 groundwater.  The MNA alternative is described and 

evaluated in Section 6 of this report.   

5.2 AOC 1 Additional Corrective Measure Alternatives 
5.2.1 AOC 1 Technology Identification and Screening  

In order to address Additional CAO 3 for AOC 1 groundwater, technologies were identified 

from the Federal Remediation Technologies Roundtable treatment technologies screening 

matrix (http://www.frtr.gov/matrix2/top_page.html), published literature, and professional 

experience.  Technology screening was performed to eliminate technologies that may not 

perform satisfactorily based on specific site conditions.   

Technology:  Physical Barrier    Screened:  Not Applicable 

Description:  A subsurface physical barrier usually consists of a vertical trench filled will a 

slurry of bentonite, soil, and water.  Barriers are most effective when they can be keyed into 

a low permeability layer.  Groundwater is contained but not treated.   

Applicability:  A low permeability confining layer has not been identified at AOC 1.  

Contaminants near St. Andrew Bay occur at depths up to 30 ft along approximately 250 of 

shoreline.  Under site conditions, groundwater flow would bypass the barrier, making this 

technology infeasible.   
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Technology:  Permeable Reactive Barrier   Screened:  Not Applicable 

Description:  A permeable reactive barrier consists of a vertical trench filled with reactive 

material such as zero-valent metals, chelating agents, sorbents, or microbes.  Groundwater 

passes through the barrier, while contaminants are degraded or retained inside it.  Reactive 

barriers are most effective when they can be keyed into a low permeability layer.   

Applicability:  A low permeability confining layer has not been identified at AOC 1.  

Contaminants near St. Andrew Bay occur at depths up to 30 ft along approximately 250 of 

shoreline.  Under site conditions, it would be difficult to ensure that groundwater flow would 

not pass under the barrier, making this technology infeasible.   

Technology:  Pump and Treat    Screened:  Not Applicable 

Description:  Pump and treat can be deployed as a treatment or a containment technology.  

For treatment, contaminated groundwater is pumped from the subsurface, treated, and 

discharged.  For containment, the pumping rate is designed to create sufficient drawdown  

for hydraulic control of contaminant plumes.   

Applicability:  A low permeability confining layer has not been identified at AOC 1, so 

pumping rates would need to be quite high for plume containment.  Since contaminants are 

spread across depths of 10 to 30 ft below ground surface, it would be difficult to verify 

capture of all groundwater across the vertical dimension.  A pump and treat system would 

be large scale and invasive of the shoreline environment.  Contaminant levels are already 

low, so the cost per unit mass removed would be prohibitive.  For these reasons, pump and 

treat is deemed infeasible at AOC 1.   

Technology:  Thermal Treatment    Screened:  Not Applicable 

Description:  Thermal treatment includes processes such as electrical resistive heating and 

steam injection to vaporize groundwater contaminants.  Thermal treatment is generally 

applied in source zones, and can remediate groundwater to concentrations in the range of 

100 ug/L.   

Applicability:  At AOC 1, the contamination is spread over depths of 10 to 30 feet along 

approximately 250 ft of shoreline.  Concentrations of 1,1-DCE are already below 10 ug/L, 

and the SWCTL is 3.2 ug/L.  Thus, thermal treatment would be quite costly per unit mass 

removed, and it is doubtful that this technology would be effective at the low concentrations 

required.  For these reasons, thermal treatment is deemed infeasible at AOC 1.   
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Technology:  Enhanced Reductive Dechlorination Screened:  Not Applicable 

Description:  A source of electron donor (e.g. molasses, vegetable oil, chitin, lactate) is 

injected into the subsurface to create anaerobic conditions.  This leads to biological 

reductive dechlorination of chlorinated compounds.  Degradation occurs in a sequence, 

leading to a variety of intermediates and daughter products.  For the case of chlorinated 

ethenes, reductive dechlorination occurs in the sequence PCE à  TCE à  DCE à  VC à  

ethene.   

Applicability:  The contaminant of significance at the AOC 1 shoreline is 1,1-DCE, which has 

been produced by the dehydrohalogenation of 1,1,1-TCA.  Under anaerobic conditions, 1,1-

DCE can reductively dechlorinate to vinyl chloride (VC), but conditions at the site are 

generally aerobic, and VC has never been detected.  Since 1,1-DCE concentrations have 

decreased significantly over time, aerobic degradation is likely taking place.  Given the 

current levels of dissolved oxygen (DO), it would be difficult to inject sufficient electron donor 

to create anaerobic conditions.  Even if successful, the aerobic process would be disrupted, 

and it is possible that vinyl chloride would be produced.  Vinyl chloride is a carcinogen that 

degrades much more readily under aerobic conditions than anaerobic conditions.  For these 

reasons, enhanced reductive dechlorination is deemed inappropriate at AOC 1.    

Technology:  Biosparging     Screened:  Applicable 

Description:  For enhanced aerobic degradation, a source of oxygen (e.g. air, H2O2, pure 

oxygen, or a proprietary compound) is injected into the subsurface to create aerobic 

conditions for biodegradation.  When air is injected a low flow rates, this process is called 

biosparging, and it leads to direct oxidation of fuels and lightly chlorinated compounds such 

as DCE and VC.  In addition to stimulation of biodegradation, biosparging acts to physically 

strip volatile contaminants from groundwater.   

Applicability:  The contaminant of significance at the AOC 1 shoreline is 1,1-DCE, which can 

undergo direct oxidation.  Existing conditions at the site are generally aerobic, but oxygen 

concentrations are low in some locations.  While it is conceivable that addition of oxygen 

could stimulate more rapid degradation, 1,1-DCE concentrations are already quite low and 

would provide very little food for enhanced microbial degradation.  Since biosparging also 

has a component of physical stripping, it is possible that it would be an effective treatment 

technology.   
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Technology:  Air Sparging / Soil Vapor Extraction Screened:  Not Applicable 

Description:  Air is injected at a high rate (compared to biosparging), and volatile 

contaminants such as 1,1-DCE are stripped out of groundwater.  Air is extracted from the 

vadose zone to capture and treat contaminants in the air stream.   

Applicability:  The contaminant of significance at the AOC 1 shoreline is 1,1-DCE, which is 

volatile and conducive to physical stripping by air sparging.  However, the vadose zone is 

virtually nonexistent along the shoreline, so soil vapor extraction (SVE) would not be 

practical.  Thus, air sparging / SVE is deemed infeasible at AOC 1.   

Technology:  Monitored Natural Attenuation   Screened:  Applicable 

Description:  Contaminant concentrations are reduced to acceptable levels by natural 

processes such as biodegradation, chemical reactions, volatilization, dilution, and 

adsorption.  Monitoring occurs to measure contaminant concentrations, determine 

degradation processes, estimate degradation rates, and watch for plume expansion or 

contraction.   

Applicability:  Two lines of evidence indicate that natural attenuation is occurring at AOC 1.  

1) Monitoring wells show significant and consistent decreases in the concentration of 1,1-

DCE between 1997 and 2003.  2) Geochemical parameters at AOC 1 indicate that the 

aquifer is predominantly aerobic, which is conducive to biodegradation of 1,1-DCE.  Also, 

tidal fluctuations in St. Andrew Bay can be expected to cause dilution of groundwater near 

the discharge point.   

One potential drawback for Monitored Natural Attenuation (MNA) at AOC 1 is that 1,1-DCE 

slightly exceeds the SWCTL in monitoring wells along the shoreline.  However, as described 

in Section 4.3, 1,1-DCE still has a distance to travel vertically upward before it reaches St. 

Andrew Bay.  In wells closest to the bay, the maximum concentration of 1,1-DCE at the 

shoreline is 5J ug/L, which is only slightly above the Florida SWCTL of 3.2 ug/L.  Since the 

concentrations of 1,1-DCE are so low, and given the efficiency of aerobic biodegradation 

combined with dilution caused by tidal fluctuations, it is reasonable to expect that 1,1-DCE 

would attenuate prior to reaching the bay.  To verify this hypothesis, sampling would occur 

in St. Andrew Bay to determine the location of groundwater discharge and to measure 

contaminant concentrations, if any, at the discharge locations.  Thus, MNA is considered to 

be a feasible alternative for AOC 1. 
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6. Evaluation of Alternatives 
In this section, technology alternatives that have passed the screen are evaluated against 

nine standards, as described in RCRA Corrective Action Plan (USEPA, 1994).  These 

standards include four primary criteria that are described briefly below:   

1) Protection of human health and the environment.  Remedies may include 
measures that are needed to be protective but are not related directly to site 
cleanup (e.g. providing alternative drinking water supply).   

2) Attainment of media protection standards.  Address whether the potential 
remedy will achieve the remediation objectives, and estimate the time to 
reach objectives.  

3) Control of the source of the releases to the environment.  Address 
whether source control measures are necessary, and if so, the type of control 
that would be appropriate.  

4) Compliance with applicable standards for management of wastes.  
Discuss how waste management activities will comply with applicable state 
and federal regulations (e.g. closure requirements, land disposal restrictions).  

The remaining standards for evaluation include five general factors: 

5) Long-term reliability and effectiveness.  Evaluate each alternative in terms 
of the length of time that it can remain useful and deal with uncontrollable 
changes at the site (e.g. heavy rain, earthquakes, etc.).   

6) Reduction in toxicity, mobility, and volume of wastes.  Preference is 
given to remedies that eliminate or substantially reduce the volume of waste 
or its risk to human health and the environment.   

7) Short term effectiveness.  Specify protective measures needed for wastes 
that pose high risk to humans or the environment, especially in densely 
populated areas.   

8) Implementability.  Address administrative activities (e.g. permits, rights of 
way, off-site approvals, etc.); constructability; and availability of adequate 
treatment, storage, and disposal services.   

9) Cost.  Consider cost especially where more than one alternative offers 
equivalent results.  When only one remedy is being proposed, cost does not 
need to be considered.   
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6.1 SWMU 10 Evaluation of Alternatives 
6.1.1 Alternative 10-2:  Monitored Natural Attenuation 

Based on the technology screening, monitored natural attenuation (MNA) is the only 

corrective action alternative to be considered for SWMU 10 groundwater.  The method 

outlined in RCRA Corrective Action Plan (USEPA, 1994) is used below in the description 

and evaluation of alternatives.   

6.1.1.1 Description of Alternative 10-2:  Monitored Natural Attenuation 

With Monitored Natural Attenuation (MNA), natural subsurface processes would be used to 

reduce contaminant levels to meet the Media Protection Standards (MPSs).  These 

processes may include biodegradation, chemical reactions, dilution, volatilization, and 

adsorption.  For SWMU 10 groundwater, the MPSs are proposed to be the FDEP GCTLs.   

Groundwater monitoring would be used to assess the effectiveness of natural attenuation.  

Monitoring would occur quarterly for the first year, and annually each subsequent year.  

Samples would be collected from wells PCY-10-1R, PC-363-MW-2, and PCY-10-4R (see 

Figure 2.3).  These wells were chosen because the groundwater sampling from 2002 and 

2003 indicates exceedences of the GCTLs by organic contaminants in wells PCY-10-1R and 

PC-363-MW-2.  Well PCY-4R showed no exceedences for organic contaminants, but it is 

located down-gradient of the SWMU 10 source zone and would indicate whether organic 

contaminants begin to migrate to St. Andrew Bay.   

Samples would be analyzed for 1,2,4-trimethylbenzene, 1-methylnaphthalene, 2-

methylnaphthalene, 4-methylphenol, and naphthalene, since these contaminants appear to 

be related to SWMU10 releases, and they exceeded the GCTLs during 2002 and 2003.  

Bis(2-ethylhexyl)phthalate, arsenic, and manganese also exceeded the GCTLs during 2002 

and/or 2003, but they are not attributed to the SWMU10 releases (see Section 2.1.3). 

Nevertheless, under this corrective action alternative, arsenic and manganese would also be 

monitored in the three wells mentioned above, as well as PC-363-MW-3.  In addition, a new 

monitoring well will be installed down-gradient of PC-363-MW-2 in order to determine 

whether arsenic or manganese is being transported to St. Andrew Bay.  It is expected that 

the arsenic and manganese concentrations will decrease to acceptable levels after the air 

sparging is complete at UST Site 325.  
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Exit Strategy.  The exit strategy for SWMU 10 would depend on the concentrations of 1,2,4-

trimethylbenzene, 1-methylnaphthalene, 2-methylnaphthalene, 4-methylphenol, and 

naphthalene.  Monitoring would continue for 5 years, or until the measured concentration of 

these contaminants dropped below their GCTLs for monitoring events spanning a one year 

period.  Based on this criteria, individual contaminants could be eliminated from the 

monitoring program, while monitoring would continue for other contaminants.  After 5 years, 

if concentrations of certain contaminants continue to exceed the GCTL, then alternative 

remedies may be considered.  

6.1.1.2 Evaluation of Alternative 10-2:  Monitored Natural Attenuation 

1) Protection of human health and the environment.  Monitored Natural Attenuation 

(MNA) at SWMU 10 would be protective of human health since there is no exposure 

of humans to groundwater under current conditions, and these conditions are not 

expected to change during the time needed for MNA to achieve the GCTLs.  

Likewise, ecological receptors are not exposed to SWMU 10 groundwater, so MNA 

would be protective of the environment.   

2) Attainment of media protection standards.  For groundwater at SWMU 10, the 

MPSs would be the Florida GCTLs.  Groundwater samples taken from SWMU 10 in 

2002 and 2003 indicate that the contaminant levels are low (i.e. close to the GCTLs); 

the water table is approximately 6 feet below ground surface (bgs); and most of the 

site is not paved.  In this setting, aerobic conditions are likely to be maintained, as 

dissolved oxygen (DO) is introduced to the site in recharge water during rain storms.  

Aerobic processes can be expected to biodegrade the low levels of organic 

contaminants within 5 years.  This time estimate is based on experience with aerobic 

biodegradation at similar sites.  Due to infrequent historical sampling at SWMU 10 

and the tank removal in 2002, the available groundwater data do not allow a direct 

calculation of the MNA remediation time.  

3) Control of the source of the releases to the environment.  The source of 

releases of organic contaminants from SWMU 10 has been controlled through 

removals of USTs and contaminated soil.  Currently, the organic contaminants 

associated with SWMU 10 exceed the GCTLs only in one source area well, PCY-10-

1R.  This indicates that contamination is not migrating in groundwater.   
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4) Compliance with applicable standards for management of wastes.  No wastes 

would be generated by an MNA remedy.  

5) Long-term reliability and effectiveness.  MNA would be reliable in the long term, 

and its effectiveness would only be enhanced by large storms, which would introduce 

additional oxygen and dilution water through recharge.   

6) Reduction in toxicity, mobility, and volume of wastes.  Biodegradation of the 

organic contaminants at SWMU 10 would reduce the volume of waste without 

producing toxic endproducts.  Observed increases in arsenic and manganese 

concentrations are attributed to biological activity resulting from the air sparging at 

UST Site 325, rather than SWMU 10 (see Section 2.1.3).  

7) Short term effectiveness.  Since the concentrations of organic contaminants are 

already close to the Florida GCTLs, it is likely that MNA would be effective relatively 

quickly.  In the interim, there is no exposure to SWMU 10 groundwater.   

8) Implementability.  No construction would be needed, and groundwater monitoring 

could be carried out readily.   

9) Cost.  The estimated present worth of the MNA alternative is $107,000, based on 

groundwater monitoring of 3 wells over a 5 year period.  Details of the cost estimate 

are presented in Appendix C.   
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6.2 AOC 1 Evaluation of Alternatives 
Based on the technology screening, biosparging and monitored natural attenuation (MNA) 

are the corrective action alternatives to be considered for AOC 1.  The method outlined in 

RCRA Corrective Action Plan (USEPA, 1994) is used below in the description and 

evaluation of alternatives.  

6.2.1 Alternative 1-3:  Biosparging 

6.2.1.1 Description of Alternative 1-3:  Biosparging 

Biosparging is an in situ technology in which air is injected into contaminated groundwater.  

Compared to typical air sparging, biosparging uses a low flow rate, with the goal of adding 

oxygen for enhanced biodegradation of organic contaminants.  Despite the low flow rate, the 

air will cause a limited amount physical stripping of volatile contaminants out of the 

groundwater.  Because physical stripping is limited, soil vapor extraction is not typically 

employed in the unsaturated zone above a biosparging system.  The effectiveness of 

biosparging may be limited by subsurface heterogeneities that cause the air to bypass 

certain zones.   

At AOC 1, biosparging would be used as a containment technology to address potential 

discharge of 1,1-DCE into St. Andrew Bay.  Biosparge wells would be installed as shown in 

Figure 6.1, with well spacing based on an estimated 15 ft radius of influence for oxygen 

delivery.  This estimated radius of influence is a typical value for sands, and it would need to 

be refined by site specific design calculations.  Wells PCY-13-14I, PCY-13-17S, PCY-13-

17I, PCY-13-17D, PCY-13-18S, PCY-13-18I, and PCY-13-18D would be sampled to monitor 

the effectiveness of the system.  These wells were chosen because the groundwater 

sampling from 2002 and 2003 indicates that 1,1-DCE exceeded the SWCTL of 3.2 ug/L in 

the these locations, although not necessarily at all depths (Figure 6.1).  Since 1,1-DCE was 

the only contaminant that exceeded its SWCTL in wells adjacent to St. Andrew Bay, 1,1-

DCE would be the only contaminant analyzed and reported as part of this alternative.  Note 

that VOCs, SVOCs, and geochemical parameters would be analyzed in selected wells as 

part of the Natural Attenuation alternative for CAO 2, developed in the original CMS.   

Exit Strategy. Biosparging at AOC 1 would continue for 5 years, or until the measured 

concentration of 1,1-DCE dropped below the SWCTL in the 7 wells listed above, for 
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monitoring events spanning a one year period.  Following shut down of the biosparging 

system, the wells would be monitored for potential rebound.  If 1,1-DCE concentrations 

remain below the SWCTL for six months after shutdown, the biosparging will be deemed 

complete and the CAO accomplished.  After five years, if concentrations of 1,1-DCE 

continue to exceed the SWCTL, then alternative remedies may be considered. 

6.2.1.2 Evaluation of Alternative 1-3:  Biosparging 

1) Protection of human health and the environment.  Biosparging would be 

protective of human health since there is no exposure of humans to AOC 1 

groundwater under current conditions, and these conditions are not expected to 

change during the time needed for remedy completion.  Biosparging should prevent 

1,1-DCE discharge to St. Andrew Bay in exceedence of the SWCTL, so ecological 

receptors would not be exposed to unacceptable levels of 1,1-DCE.  Thus, 

biosparging would be protective of the environment.   

2) Attainment of media protection standards.  For AOC 1 groundwater discharging 

into St. Andrew Bay, the MPS would be the Florida SWCTL for 1,1-DCE.  

Groundwater samples taken from AOC 1 in 2002 and 2003 indicate that the 1,1-DCE 

levels are low; i.e., close to the SWCTL.  In general at AOC 1, dissolved oxygen 

(DO) is available in the groundwater; however, near the bay DO may be somewhat 

low for optimal aerobic degradation.  Furthermore, anaerobic microsites can exist in 

predominantly aerobic aquifers.  Biosparging would increase the available DO for 

aerobic biodegradation of 1,1-DCE, and the air would provide limited physical 

stripping of 1,1-DCE from the groundwater.  These processes would not be efficient 

because the 1,1-DCE concentrations are so low, but only a small decrease is 

needed to bring 1,1-DCE below the SWCTL of 3.2 ug/L.  It is expected that 

biosparging would be needed to contain 1,1-DCE for approximately 5 years.  This 

time estimate is based on the rate of groundwater flow at AOC1 and the expected 

natural biodegradation rate upgradient of the biosparge system.  Due to infrequent 

historical sampling at AOC 1 and the current low concentrations of 1,1-DCE, the 

available groundwater data do not allow a direct calculation of the remediation time.   

3) Control of the source of the releases to the environment.  The source of 1,1-

DCE from AOC 1 has been controlled through bioslurping.  Groundwater 

measurements from the 1991 DPT investigation, the 2002 sampling for the RFI 
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Addendum, and the 2003 interim sampling indicate that the 1,1-DCE has been 

reduced in the source zone, such that 1,1-DCE is not detected in the middle portion 

of the plume (see Figure 2.5).   

4) Compliance with applicable standards for management of wastes.  Any wastes 

generated by biosparging would be managed in accordance with applicable RCRA 

and Florida FDEP regulations.   

5) Long-term reliability and effectiveness.  Biosparging would be reliable in the long 

term, as long as the system was operated and maintained properly.   

6) Reduction in toxicity, mobility, and volume of wastes.  Biodegradation of 1,1-

DCE at AOC 1 would reduce the volume of waste without producing toxic 

endproducts.  In particular, the aerobic biodegradation of 1,1-DCE yields carbon 

dioxide, water, and chloride, without producing vinyl chloride.   

7) Short term effectiveness.  Since the concentration of 1,1-DCE is already close to 

the Florida SWCTL, it is likely that biosparging would quickly reduce 1,1-DCE 

concentrations below the SWCTL, thus establishing an effective barrier to further 

migration.  

8) Implementability.  Biosparging systems are commonly constructed; however, at 

AOC 1, implementability would be affected by a nearby archaeological site.  The 

archaeological site 8BY71 consists of a Native American ovate shell midden 

adjacent to the St. Andrew Bay shoreline (Brockington and Associates, 1998).  The 

Station Environmental Map (Brockington and Associates, 1998) shows that the site 

itself overlaps the northern portion of the biosparging treatment area, and the 300 ft 

archaeological site buffer zone would overlap essentially the entire treatment area 

(the archaeological site is not shown in this CMS report, since by regulation, its 

location cannot be made available to the public).  The presence of the archaeological 

site could make it difficult and time consuming to meet permit requirements for the 

biosparging system.    

9) Cost.  The estimated present worth of the biosparging alternative is $362,000, based 

on system operation and groundwater monitoring of 8 wells over 5 years.  A cost 

estimate is presented in Appendix C.   
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6.2.2 Alternative 1-4:  Monitored Natural Attenuation 

6.2.2.1 Description of Alternative 1-4:  Monitored Natural Attenuation 

With Monitored Natural Attenuation (MNA), natural subsurface processes would be used to 

reduce contaminant levels to meet the Media Protection Standards (MPSs).  These 

processes may include biodegradation, chemical reactions, dilution, volatilization, and 

adsorption.  For AOC 1 groundwater discharging to St. Andrew Bay, the MPSs are proposed 

to be the Florida SWCTLs.  Since 1,1-DCE is the only contaminant that exceeds the SWCTL 

in wells adjacent to St. Andrew Bay, 1,1-DCE would be the only contaminant analyzed and 

reported as part of this alternative.  Note that VOCs, SVOCs, and geochemical parameters 

would be analyzed in selected wells as part of the Natural Attenuation alternative for CAO 2, 

developed in the original CMS.   

As a first step in the MNA alternative, Coastal Contamination Migration Monitoring would be 

used to determine whether or not 1,1-DCE is actually discharging into St. Andrew Bay at 

levels above the SWCTL of 3.2 ug/L.  A protocol for coastal monitoring has been developed 

and described by the SPAWAR Systems Center and the Naval Facilities Engineering 

Service Center (NFESC, 2003).  The coastal monitoring would be used as a one time event 

to determine the zone of groundwater discharge into St. Andrew Bay, and the level of 

contamination, if any, in the discharge.  Based on work at other sites, it is expected that the 

coastal monitoring would involve the following steps: 

1.  Screen the site for areas of potential groundwater discharge using a Temperature / 

Conductivity / Pore Water Probe (Trident  Probe).  Conductivity and temperature 

measurements can be used to distinguish groundwater and surface water based on 

salinity and temperature differences.  Water samples would be collected with the 

Trident during the screening survey.  These samples would be analyzed on site for 

standard water quality characteristics, and a subsample would be provided for VOC 

analysis.  The screening would likely be done along transects, as shown in Figure 

6.2.   

2.  If VOCs are detected above the SWCTLs with the Trident survey, follow up sampling 

would be performed using the Ultrasonic Multi-Sample Seepage Meter (UltraSeep 

Meter) in the areas of most concern.  This would provide more detailed information 
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on the flow mechanism that is driving the migration at the interface, the rates of flow, 

and the actual concentrations that are emerging into the surface water.   

In addition, surface water will be sampled for 1,1-DCE in the area adjacent to monitoring 

wells PCY-13-17 and PCY-13-18 to determine if the surface water standard may be 

exceeded.  Also, monitoring well PCY-13-18 will be re-sampled to determine if the bis(2-

ethylhexyl)phthalate could be related to contamination from the lab.   

If the Coastal Contamination Migration Monitoring found that 1,1-DCE was not discharging 

to the bay in excess of the SWCTL, groundwater monitoring of existing wells would be used 

to assess the ongoing effectiveness of natural attenuation.  Monitoring would occur quarterly 

for the first year, and annually each subsequent year.  Samples would be collected from 

PCY-13-12I, PCY-13-14I, PCY-13-17S, PCY-13-17I, PCY-13-17D, PCY-13-18S, PCY-13-

18I, and PCY-13-18D.  These wells were chosen because the groundwater sampling from 

2002 and 2003 indicated that 1,1-DCE exceeded its SWCTL of 3.2 ug/L in these locations, 

although not necessarily at all depths (Figure 6.2).   

Exit Strategy. Monitoring of the 8 permanent wells at AOC 1 would continue for 5 years, or 

until the measured concentration of 1,1-DCE dropped below the SWCTL in the 8 wells listed 

above, for monitoring events spanning a one year period.  After 5 years, if concentrations of 

1,1-DCE continue to exceed the SWCTL, then alternative remedies may be considered.  

6.2.2.2 Evaluation of Alternative 1-4:  Monitored Natural Attenuation 

1) Protection of human health and the environment.  Monitored Natural Attenuation 

(MNA) of the groundwater discharge at AOC 1 would be protective of human health 

since there is no exposure of humans to groundwater under current conditions, and 

these conditions are not expected to change during the time needed for remediation.  

Assuming that the Coastal Contamination Migration Monitoring shows no 1,1-DCE 

discharge to St. Andrew Bay in exceedence of the SWCTL, ecological receptors 

would not be exposed to unacceptable levels of 1,1-DCE.  Thus, MNA would be 

protective of the environment.   

2) Attainment of media protection standards.  For AOC 1 groundwater discharging 

into St. Andrew Bay, the MPS would be the Florida SWCTL for 1,1-DCE.  

Groundwater samples taken from AOC 1 in 2002 and 2003 indicate that the 1,1-DCE 
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levels are low (i.e. close to the SWCTL), the water table is very shallow, and the area 

near the shoreline is not paved.  Under these conditions, dissolved oxygen (DO) will 

be introduced in recharge water during rain storms.  This process can be expected to 

biodegrade the low levels of 1,1-DCE within 5 years.  This rough time estimate is 

based on experience with biodegradation at other Navy sites.  Due to infrequent 

historical sampling at AOC 1 and the current low concentrations of 1,1-DCE, the 

available groundwater data do not allow a direct calculation of the MNA remediation 

time.  

3) Control of the source of the releases to the environment.  The source of 1,1-

DCE from AOC 1 has been controlled through bioslurping.  Groundwater 

measurements from the 1991 DPT investigation, the 2002 sampling for the RFI 

Addendum, and the 2003 interim sampling indicate that the 1,1-DCE has been 

reduced in the source zone, such that 1,1-DCE is not detected in the middle portion 

of the plume (see Figure 2.5).   

4) Compliance with applicable standards for management of wastes.  No wastes 

would be generated by an MNA remedy.   

5) Long-term reliability and effectiveness.  MNA would be reliable in the long term, 

and its effectiveness would only be enhanced by large storms, which would introduce 

additional oxygen and dilution water through recharge.   

6) Reduction in toxicity, mobility, and volume of wastes.  Naturally occurring 

biodegradation of 1,1-DCE at AOC 1 would reduce the volume of waste without 

producing toxic endproducts.  In particular, vinyl chloride has never been detected 

above the GCTL in AOC 1 groundwater.   

7) Short term effectiveness.  Since the concentration of 1,1-DCE is already close to 

the Florida SWCTL, it is likely that the Coastal Contamination Migration sampling will 

show that 1,1-DCE is not discharging into St. Andrew Bay.  Thus, MNA would be 

effective immediately in preventing discharge to the bay, and up-gradient sampling of 

permanent wells would be used to monitor the expected decrease in 1,1-DCE 

concentrations over time.   

8) Implementability.  No construction would be needed, and groundwater monitoring 

could be carried out readily.  The Coastal Contamination Migration Monitoring may 

be funded as a Department of Defense Environmental Security Technology 
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Certification Program (ESTCP) demonstration site.  If ESTCP funding is not 

approved, the technology would be implemented using normal funding for the Navy 

Installation Restoration program.   

9) Cost.  The estimated present worth of the MNA alternative is $184,000, based on 

groundwater monitoring of 8 wells over a 5 year period.  A cost estimate is presented 

in Appendix C.  In addition, the one time Coastal Contamination Migration Monitoring 

would cost approximately $80,000, based on historical costs for similar projects 

provided by the SPAWAR Systems Center and the Naval Facilities Engineering 

Service Center (NFESC).   
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7. Recommendations 
In this section, a corrective measure is recommended for each Additional Corrective Action 

Objective (CAO) developed in this CMS Addendum, and a justification for the decision is 

presented.  Recommendations are based on the nine criteria and other factors used to 

evaluate the alternatives.   

7.1 SWMU 10 Recommended Alternative 
One Additional CAO was developed to address organic contaminants in SWMU 10 

groundwater, and one corrective action alternative was identified.  Since source reduction 

has already been accomplished through removal of tanks and contaminated soils, and since 

the concentrations of remaining contaminants are quite low, an active remedy was deemed 

inappropriate for SWMU 10.  Thus, Alternative 10-2:  Monitored Natural Attenuation (MNA) 

is the recommended corrective measure.   

7.2 AOC 1 Recommended Alternative 
One Additional CAO was developed to address potential discharge of 1,1-DCE from AOC 1 

groundwater to surface water, and two corrective action alternatives were identified.  The 

recommended corrective measure is Alternative 1-4:  Monitored Natural Attenuation.   

Based on analytical data and site characteristics, it is expected that the Coastal 

Contamination Migration Monitoring will show that 1,1-DCE is not discharging to St. Andrew 

Bay.  In this case, MNA would be just as effective as an active remedy in protecting human 

health and the environment.  Furthermore, the concentration of 1,1-DCE has decreased 

steadily over time and is currently at very low levels.  In 2003, the maximum 1,1-DCE 

concentration in the nine wells along the shoreline was 5J ug/L versus the marine Surface 

Water Cleanup Target Level (SWCTL) of 3.2 ug/L.  Experience has shown that it is very 

difficult and inefficient to remediate such low concentrations using an active system such as 

biosparging.  Moreover, given the steady decrease in 1,1-DCE concentration over time, it is 

possible that 1,1-DCE concentrations would fall below the SWCTL before the biosparge 

system could be designed and installed.   
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Compared with the other alternative (biosparging), MNA would also have the following 

advantages: 

• Essentially no remediation wastes.  

• No intrusive equipment or piping on site.  This is particularly important since the 

presence of the archaeological site may impact the implementability of biosparging.  

• The cost of MNA would be significantly lower than biosparging, as the present worth 

cost for MNA is estimated to be $184,000 versus $362,000 for biosparging 

(Appendix C).   
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SWMU 10 Wells
PCY-10- PC-363- PC-363- PCY-10- PCY-10- PC-363- PC-363- PCY-10- PCY-10- Unfiltered

Sample Location 1R MW-2 MW-3 4R 5DR MW-6 MW-7 8R 9 Background
Sample Date 5/14/03 5/14/03 5/20/03 5/14/03 5/14/03 5/14/03 5/14/03 5/14/03 5/14/03 1/5/94

GCTL SWCTL

VOCs (ug/L)
1,2,4-Trimethylbenzene 10 217.5 13 -- -- -- -- -- -- -- -- NA
1,2-Dichlorobenzene 600* 99 0.5J -- -- -- -- -- -- -- -- NA
1,3,5-Trimethylbenzene 10 215 5 -- -- -- -- -- -- -- -- NA
Bromomethane 9.8 35 2 J -- -- -- 2 J -- -- 1 J -- NA
Carbon Disulfide 700 105 0.2J -- -- 0.3J 0.4J 0.5J -- -- 0.2J NA
Ethylbenzene 30* 605 0.4J -- -- -- -- -- -- -- -- NA
Isopropylbenzene (Cumene) 0.8 255 0.5J -- -- -- -- -- -- -- -- NA
Tetrachloroethene 3* 8.85** 0.7J -- -- -- -- -- -- -- -- NA
Toluene 40* 475 -- -- -- -- -- -- -- 0.3J -- NA
Xylenes (total) 20* 370 2 J -- -- -- -- -- -- -- -- NA

SVOCs (ug/L)
1-Methylnaphthalene 20 95 24 -- -- -- -- -- -- 0.13J -- NA
2-Methylnaphthalene 20 30 35 J -- -- -- -- -- -- -- -- NA
4-Methylphenol (p-Cresol) 4 70 5 J -- -- -- -- -- -- -- -- NA
Acenaphthene 20 3 1.2J -- -- -- -- -- -- 0.88 -- NA
bis(2-Ethylhexyl)phthalate 6* 0.02 -- 27 -- -- -- -- -- -- -- NA
Fluorene 280 30 0.89J -- -- -- -- -- -- 0.33 -- NA
Naphthalene 20 26 27 J -- -- -- -- -- -- 1 J -- NA
Phenanthrene 2 210 0.031** 2.5J -- -- -- -- -- -- -- -- NA

   Florida Limit1

Table 2.1.  Summary of detections in SWMU 10 groundwater samples.  Shaded values indicate exceedence of the 
Florida Groundwater (GW) Cleanup Target Levels (GCTLs) or Marine Surface Water Cleanup Target Levels (SWCTLs).  
Background concentrations for unfiltered groundwater are from the original RFI (ABB-ES, 1996).  

CMS SWMU10 Tables.xls:  CMS Addendum GW
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SWMU 10 Wells
PCY-10- PC-363- PC-363- PCY-10- PCY-10- PC-363- PC-363- PCY-10- PCY-10- Unfiltered

Sample Location 1R MW-2 MW-3 4R 5DR MW-6 MW-7 8R 9 Background
Sample Date 5/14/03 5/14/03 5/20/03 5/14/03 5/14/03 5/14/03 5/14/03 5/14/03 5/14/03 1/5/94

GCTL SWCTL
   Florida Limit1

Table 2.1.  Summary of detections in SWMU 10 groundwater samples.  Shaded values indicate exceedence of the 
Florida Groundwater (GW) Cleanup Target Levels (GCTLs) or Marine Surface Water Cleanup Target Levels (SWCTLs).  
Background concentrations for unfiltered groundwater are from the original RFI (ABB-ES, 1996).  

Geochemical Parameters
Arsenic (ug/L) 50* 50** -- 4.8 -- 90.3 -- -- -- -- -- 50.9
Dissolved Oxygen (mg/L) 0.38 1.27 7.34 8.55 0.41 0.31 0.4 9.59 0.52 NA
Ethane (ug/L) -- -- -- -- -- -- -- -- -- NA
Ethene (ug/L) -- -- -- -- -- -- -- -- -- NA
Manganese (ug/L) 50* NA 85.6 200 358 996 31.7 11.9 12.4 279 80.5 165
Methane (ug/L) 180 -- -- -- 250 250 500 32 850 NA
ORP (mV) -179 71 501 436 -200 -150 -78 -60 -150 NA
pH (S.U.) 6.38 5.75 2.72 2.39 6.8 6.4 6.4 6.73 6.8 NA
Total Organic Carbon (mg/L) 22 NA 5.8 NA NA 14 2 NA 6.9 NA
Turbidity (NTU) 1.9 4.1 33 7.6 42 260 19 19.2 5.2 NA

Notes: J = estimated value below the sample limit of quantification
NA = not available or not applicable
ORP = Oxidation Reduction Potential
* = Florida Primary MCL, FAC 62-550 (or Secondary Standard for ethylbenzene, toluene, xylenes, manganese)
** = Class II of Florida Surface Water Quality Rule, FAC 62-302.530
1 Table I of Florida Contaminant Cleanup Target Levels, FAC 62-777
2 Phenanthrene is grouped with Total PAHs in Florida Surface Water Quality Rule, FAC 62-302.530
-- = not detected
PC-363-MW-3 located in proximity of Building 325 air sparge / SVE system

CMS SWMU10 Tables.xls:  CMS Addendum GW
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SWMU 10 Soil Samples PCYS10Z-

GW Marine SW 306 506 904 906 1404 1406
Residential Industrial Criteria Criteria 04/30/03 04/30/03 04/30/03 04/30/03 04/30/03 04/30/03

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
VOCs
Tetrachloroethene 8.9 17 0.03 0.1 0.004J -- 0.007 -- -- --
Trichlorofluoromethane 200 1,300 33 NA 0.009 -- -- -- 0.030 --
Xylenes (Total) 5,900 40,000 0.2 3.9 -- -- -- -- -- 0.016 J

SVOCs
2-Methylnaphthalene 80 560 6.1 9.1 -- -- -- -- -- 0.380J
Acenaphthene 1,900 18,000 2.1 0.7 -- 0.033J -- -- -- --
Acetophenone 2,700 24,000 3.9 44 -- -- -- -- -- 0.280J
bis(2-ethylhexyl)phthalate (DEHP) 76 280 3,600 12 0.320J 0.096J 0.960J 0.420 0.076J 0.420
Benzo(a)anthracene 1.4 5 3.2 0.7 -- -- -- 0.095J -- --
Chrysene 140 450 77 0.7 -- 0.045J -- -- -- --
Fluoranthene 2,900 48,000 1,200 1.3 -- -- -- 0.042J -- --
Fluorene 2,200 28,000 160 17 -- 0.025J -- -- -- --
Phenanthrene 2,000 30,000 250 0.7 -- 0.043J -- -- -- 0.100J
Pyrene 2,200 37,000 880 1.3 0.140J 0.049J -- 0.250J -- 0.120J

TPH
C10-C12 Aliphatics 1,300 9,400 51,000 NA -- NA 73 -- -- --
C12-C16 Aliphatics 2,300 19,000 1,000,000 NA -- NA 110 55 -- 87
C16-C21 Aliphatics 32,000 250,000 1,000,000 NA -- NA -- -- -- 52
C21-C35 Aliphatics 32,000 250,000 1,000,000 NA -- NA -- -- -- 300
C8-C10 Aromatics 340 2,500 340 NA -- NA 51 -- -- 72
C12-C16 Aromatics 1,200 11,000 1,000 NA -- NA -- -- -- 57
TPH (C8-C40) 340 2,500 340 340 560 110 1,700 9,500 480 1,900

Inorganics
Arsenic 0.8 3.7 29 NA 0.24 0.91 0.58 0.47 0.51 0.94
Cadmium 75 1300 8 NA 0.04 0.09 0.06 0.05 0.04 0.07
Chromium (total) 210 420 38 NA 1.3 6.4 2.2 4.1 2.5 3.2
Lead 400 920 NA NA 2.6 4.5 6.2 6.6 3.7 3.5

Notes: J = estimated value below the sample limit of quantification TPH  = Total Petroleum Hydrocarbon
NA = not available or not analyzed -- = not detected
TPH (C8-C40) analyzed by Florida Petroleum Residual Organic (FL-PRO) Method

Florida Soil Cleanup Target Levels
Direct Exposure Leachability

Table 2.2.  Summary of detections for SWMU 10 soil samples.  Shaded values indicate exceedence of one of 
the Florida Soil Cleanup Target Levels (SCTLs).
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SPLP from SWMU 10 Soil Samples PCYS10Z-

306 506 904 906 1404 1406
GCTL SWCTL 04/30/03 04/30/03 04/30/03 04/30/03 04/30/03 04/30/03

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

SPLP VOCs
1,1-Dichloroethane 70 NA NS 0.5J NS -- -- NS
1,4-Dichlorobenzene 75 100 NS -- NS -- 0.2J NS
Benzene 1*  71.28** NS 3 J NS -- -- NS
Ethylbenzene 30* 605 NS 3 J NS -- -- NS
Methyl tert-butyl ether (MTBE) 50 33,600 NS 33 J NS -- -- NS
Tetrachloroethene 3 8.85** NS 0.8 J NS -- -- NS
Toluene 40* 475 NS 43 NS -- -- NS
Xylenes (Total) 20* 370 NS 17 NS -- -- NS

SPLP SVOCs
All SVOCs non-detect

SPLP TPH
TPH (C8-C40) non-detect

Notes: J = estimated value below the sample limit of quantification
NA = not available or not applicable
NS = not sampled
* = Florida Primary MCL, FAC 62-550 ( or Secondary Std. for ethylbenzene, toluene, xylenes, Manganese)
** = Class II of Florida Surface Water Quality Rule, FAC 62-302.530
*** = Table I of Florida Contaminant Cleanup Target Levels, FAC 62-777
TPH  = Total Petroleum Hydrocarbon
-- = not detected

   Florida Limit***

Table 2.3.  Summary of detections for the Synthetic Precipitation Leaching Procedure (SPLP) 
anaylsis of SWMU 10 soil samples.  Shaded values indicate exceedence of one of the Florida 
Groundwater (GW) Cleanup Target Levels (GCTLs) or Marine Surface Water Cleanup Target Levels 
(SWCTLs). 

CMS SWMU10 Tables.xls:  CMS Addendum SPLP
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AOC 1 Wells PCY-13-

Sample Location 2 2D 2S 3D 3S 4 I 4S 5 I 5S 6 I 6S 7 I
Sample Date 5/15/03 5/15/03 5/15/03 5/15/03 5/16/03 5/16/03 5/15/03 5/15/03 5/16/03 5/16/03 5/19/03

GCTL SWCTL

VOCs (ug/L)
1,1,1-Trichloroethane 200* 270 -- -- -- -- NS -- -- -- -- -- -- --
1,1-Dichloroethane 70 NA -- -- -- -- NS 26 0.5J -- -- 4 J 1 J --
1,1-Dichloroethene 7* 3.2** -- -- -- -- NS -- -- -- -- -- -- --
1,2-Dichloroethene (cis-) 70 NA -- -- -- -- NS 0.9J -- -- -- -- -- --
1,2-Dichloroethene (total) 63 7,000 -- -- -- -- NS -- -- -- -- -- -- --
4-Methyl-2-Pentanone (MIBK) 560 23,000 -- -- -- -- NS -- -- -- -- -- -- --
Acetone 700 1,692 -- -- -- -- NS -- -- -- -- -- -- --
Benzene 1*  71.28** -- -- -- -- NS -- -- -- -- -- -- --
Bromomethane 9.8 35 1 J -- 1 J -- NS -- -- -- -- 6 5 --
Carbon Disulfide 700 105 -- -- -- -- NS -- -- -- -- -- -- --
Cloroethane 12 NA -- -- -- -- NS -- -- -- -- -- -- --
Chloroform 5.7 470.8** -- -- -- -- NS -- -- -- -- -- -- --
Ethylbenzene 30* 605 -- -- -- -- NS -- -- -- -- -- -- --
Methyl Cyclohexane NA NA -- -- -- -- NS -- -- -- -- -- -- --
Tetrachloroethene 3 8.85** -- -- -- -- NS -- -- -- -- -- -- --
Toluene 40* 475 -- -- -- -- NS -- -- -- -- -- -- --
Trichloroethene 3* 80.7** -- -- -- -- NS -- -- -- -- -- -- --
Trichlorofluoromethane 2100 NA -- -- -- -- NS -- -- -- -- -- -- --
Vinyl Chloride 1 NA -- -- -- -- NS -- -- -- -- -- -- --
Xylenes (total) 20* 370 -- -- -- -- NS -- -- -- -- -- -- --

SVOCs (ug/L)
1-Methylnaphthalene 20 95 -- -- -- -- NS -- -- -- -- -- -- --
2-Methylnaphthalene 20 30 -- -- -- -- NS -- -- -- -- -- -- --
2-Methylphenol 35 250 -- -- -- -- NS -- -- -- -- -- -- --
3&4-Methylphenol 4 70 -- -- -- -- NS -- -- -- -- -- -- --
Acenaphthene 20 3 -- -- -- -- NS 0.82 -- -- -- 0.3 -- --
Acenaphthylene 210 0.031** -- -- -- -- NS -- -- -- -- -- -- --
Acetophenone 700 7,750 -- -- -- -- NS -- -- -- -- -- -- --
Anthracene 2100 0.3 -- -- -- -- NS -- -- -- -- -- -- --
bis(2-ethylhexyl)phthalate (DEHP) 6 0.02 -- -- -- -- NS -- -- -- -- -- -- --

  Florida Limit***

Table 2.4.  Summary of detections in AOC 1 groundwater samples.  Shaded values indicate exceedance of the Florida Groundwater 
Cleanup Target Levels (GCTLs) or Marine Surface Water Cleanup Target Levels (SWCTLs). 
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AOC 1 Wells PCY-13-

Sample Location 2 2D 2S 3D 3S 4 I 4S 5 I 5S 6 I 6S 7 I
Sample Date 5/15/03 5/15/03 5/15/03 5/15/03 5/16/03 5/16/03 5/15/03 5/15/03 5/16/03 5/16/03 5/19/03

GCTL SWCTL
  Florida Limit***

Table 2.4.  Summary of detections in AOC 1 groundwater samples.  Shaded values indicate exceedance of the Florida Groundwater 
Cleanup Target Levels (GCTLs) or Marine Surface Water Cleanup Target Levels (SWCTLs). 

SVOCs (ug/L)
Fluorene 280 30 -- -- -- -- NS 0.97 -- -- -- 0.32 -- --
Naphthalene 20 26 -- -- -- -- NS -- -- -- -- -- -- --
Phenanthrene 210 0.031** -- -- -- -- NS -- -- -- -- -- -- --
Phenol 10 6.5 -- -- -- -- NS -- -- -- -- -- -- --

Geochemical Parameters
Arsenic (ug/L) 50* 50** -- -- -- -- NS 11.6 2.1 2.9 -- -- 3.4 --
Dissolved Oxygen (mg/L) 2.79 3.07 2.78 0.52 NS 0.72 5 0.3 5.39 0.61 2.52 1.31
Ethane (ug/L) -- -- -- -- NS -- -- -- -- -- -- --
Ethene (ug/L) -- -- -- -- NS -- -- -- -- -- -- --
Manganese 50* NA 6.8 7.3 -- 5.6 NS 10 12.3 6.8 1.2 10.1 4.2 4.7J
Methane (ug/L) -- -- -- 48 NS 1000 97 13 -- 18 22 34
Oxid. Red. Pot., ORP (mV) 271 108 223 144 NS -10 56 88 150 1 18 91
pH (S.U.) 5.13 4.77 5.58 4.44 NS 5.45 6.12 5.05 5.91 5.06 5.42 4.74
Total Organic Carbon (mg/L) NA NA NA -- NS 5.1 3.3 NA NA 3 14 --
Turbidity (NTU) 23.5 2.7 17.1 7.5 NS 4.3 5.4 19 12 19 9.5 9.5

Notes: J = estimated value below the sample limit of quantification
NA = not available or not applicable
NS = not sampled due to presence of free product
Well PCY-13-7S abandoned due to blockage by tree roots
* = Florida Primary MCL, FAC 62-550 ( or Secondary Std. for ethylbenzene, toluene, xylenes, Mn)
** = Class II of Florida Surface Water Quality Rule, FAC 62-302.530
*** = Table I of Florida Contaminant Cleanup Target Levels, FAC 62-777
Targets for 3-Methylphenol are 35 ug/L (GW) and 445 ug/L (SW).  
-- = not detected

CMS AOC1 Tables.xls:  CMS Addendum GW
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AOC 1 Wells PCY-13-

Sample Location 7S 8 I 8S 9 I 9S 10 I 10S 11 I 11S 12 I 13 I 13S
Sample Date 5/16/03 5/16/03 5/15/03 5/15/03 5/15/03 5/15/03 5/15/03 5/15/03 5/16/03 5/19/03 5/19/03

GCTL SWCTL

VOCs (ug/L)
1,1,1-Trichloroethane 200* 270 NS -- -- -- -- -- 120 J -- -- -- -- --
1,1-Dichloroethane 70 NA NS -- -- -- 18 -- 110 J 9 2 J 9 J -- --
1,1-Dichloroethene 7* 3.2** NS -- -- -- 2 J -- 10 J -- -- 4 J -- --
1,2-Dichloroethene (cis-) 70 NA NS -- -- -- -- -- -- -- -- -- -- --
1,2-Dichloroethene (total) 63 7,000 NS -- -- -- -- -- -- -- -- -- -- --
4-Methyl-2-Pentanone (MIBK) 560 23,000 NS -- -- -- -- -- 3 J -- -- -- -- --
Acetone 700 1,692 NS -- -- -- -- -- 17 J -- -- -- -- --
Benzene 1*  71.28** NS -- -- -- 0.7J -- 1 J -- -- -- -- --
Bromomethane 9.8 35 NS -- -- 2 J -- -- 3 J -- -- 5 J -- --
Carbon Disulfide 700 105 NS -- -- -- -- -- -- -- -- -- 0.5J --
Cloroethane 12 NA NS -- -- -- -- -- 2 J -- -- 5 J -- --
Chloroform 5.7 470.8** NS -- -- -- -- 3 J -- -- -- -- -- --
Ethylbenzene 30* 605 NS -- -- -- 28 0.2J 52 J -- -- -- -- --
Methyl Cyclohexane NA NA NS -- -- -- -- -- 3 J -- -- -- -- --
Tetrachloroethene 3 8.85** NS -- -- -- 0.8J -- -- -- -- -- -- --
Toluene 40* 475 NS -- -- -- 73 -- 170 J -- -- -- 1 J --
Trichloroethene 3* 80.7** NS -- -- -- -- -- 6 J -- -- -- -- --
Trichlorofluoromethane 2100 NA NS -- -- -- -- -- 2 J -- -- -- -- --
Vinyl Chloride 1 NA NS -- -- -- -- -- 0.2J -- -- -- -- --
Xylenes (total) 20* 370 NS -- -- -- 72 -- 190 J -- -- -- -- --

SVOCs (ug/L)
1-Methylnaphthalene 20 95 NS -- -- -- 1.4 -- 15 -- -- -- -- --
2-Methylnaphthalene 20 30 NS -- -- -- 3.2J -- 40 -- -- -- -- --
2-Methylphenol 35 250 NS -- -- -- 3 J -- -- -- -- -- -- --
3&4-Methylphenol 4 70 NS -- -- -- 10 -- 45 -- -- -- -- --
Acenaphthene 20 3 NS -- -- -- 1.1 -- 0.3J -- 0.38 1.9 -- --
Acenaphthylene 210 0.031** NS -- -- -- -- -- 0.2J -- -- -- -- --
Acetophenone 700 7,750 NS -- -- -- 1 J -- -- -- -- -- -- --
Anthracene 2100 0.3 NS -- -- -- -- -- 0.12J -- -- -- -- --
bis(2-ethylhexyl)phthalate (DEHP) 6 0.02 NS -- -- -- -- -- -- -- -- -- -- --

Table 2.4.  Summary of detections in AOC 1 groundwater samples.  Shaded values indicate exceedance of the Florida Groundwater 
Cleanup Target Levels (GCTLs) or Marine Surface Water Cleanup Target Levels (SWCTLs). 

  Florida Limit***
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AOC 1 Wells PCY-13-

Sample Location 7S 8 I 8S 9 I 9S 10 I 10S 11 I 11S 12 I 13 I 13S
Sample Date 5/16/03 5/16/03 5/15/03 5/15/03 5/15/03 5/15/03 5/15/03 5/15/03 5/16/03 5/19/03 5/19/03

GCTL SWCTL

Table 2.4.  Summary of detections in AOC 1 groundwater samples.  Shaded values indicate exceedance of the Florida Groundwater 
Cleanup Target Levels (GCTLs) or Marine Surface Water Cleanup Target Levels (SWCTLs). 

  Florida Limit***

SVOCs (ug/L)
Fluorene 280 30 NS -- -- -- -- -- 0.54J -- 0.24 1.5 -- --
Naphthalene 20 26 NS -- -- -- 7 J -- 33 -- -- 0.1J -- --
Phenanthrene 210 0.031** NS -- -- -- -- -- 0.56J -- -- -- 0.25J --
Phenol 10 6.5 NS -- -- -- -- -- 2 J -- -- -- -- --

Geochemical Parameters
Arsenic (ug/L) 50* 50** NS -- -- -- 2.8 -- -- -- 9 8.7 17.7 --
Dissolved Oxygen (mg/L) NS 0.36 0.44 0 3.89 0.67 0.6 0.49 0.51 0.48 0.95 0.88
Ethane (ug/L) NS -- -- -- -- -- -- -- -- -- -- --
Ethene (ug/L) NS -- -- -- -- -- -- -- -- -- -- --
Manganese 50* NA NS 1.8 2.7 5 6.7 5 18.8 6.2 24.9 19.8 25.7 12.2
Methane (ug/L) NS -- 36 33 2000 -- 32 600 21 94 13 13
Oxid. Red. Pot., ORP (mV) NS -160 -88 123 -100 183 -163 96 -108 -45 89 120
pH (S.U.) NS 5.99 5.08 4.56 5.92 4.67 5.54 5.27 6.22 5.65 5.79 5.63
Total Organic Carbon (mg/L) NS -- 7 NA NA 3 29 3.3 6.8 4.6 17 10
Turbidity (NTU) NS 6.3 1.1 11.4 0.4 1.3 4.4 12 3 18.4 7.6 3.3

Notes: J = estimated value below the sample limit of quantification
NA = not available or not applicable
NS = not sampled due to presence of free product
Well PCY-13-7S abandoned due to blockage by tree roots
* = Florida Primary MCL, FAC 62-550 ( or Secondary Std. for ethylbenzene, toluene, xylenes, Mn)
** = Class II of Florida Surface Water Quality Rule, FAC 62-302.530
*** = Table I of Florida Contaminant Cleanup Target Levels, FAC 62-777
Targets for 3-Methylphenol are 35 ug/L (GW) and 445 ug/L (SW).  
-- = not detected
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AOC 1 Wells PCY-13-

Sample Location 14 I 15 I 15S 16D 16 I 16S 17D 17 I 17S 18D 18 I 18S
Sample Date 5/16/03 5/16/03 5/16/03 5/19/03 5/19/03 5/19/03 5/20/03 5/20/03 5/19/03 5/20/03 5/20/03 5/20/03

GCTL SWCTL

VOCs (ug/L)
1,1,1-Trichloroethane 200* 270 -- -- -- -- -- -- -- -- -- -- -- --
1,1-Dichloroethane 70 NA 13 5 -- -- 1  J -- 12 J 9 J 4 J 2 J -- --
1,1-Dichloroethene 7* 3.2** 11 -- -- -- -- -- 4 J 5 J 1 J 3 J 2 J --
1,2-Dichloroethene (cis-) 70 NA 3 J -- -- -- -- -- 0.5J 0.9J -- 0.9J 0.5J --
1,2-Dichloroethene (total) 63 7,000 3 J -- -- -- -- -- -- -- -- -- -- --
4-Methyl-2-Pentanone (MIBK) 560 23,000 -- -- -- -- -- -- -- -- -- -- -- --
Acetone 700 1,692 -- -- -- -- -- -- -- -- -- -- -- --
Benzene 1*  71.28** 2 J 0.2J -- -- -- -- -- -- 0.3J -- -- --
Bromomethane 9.8 35 7 6 -- -- -- -- -- -- -- -- -- --
Carbon Disulfide 700 105 -- -- -- -- -- -- -- -- -- -- -- --
Cloroethane 12 NA -- -- -- -- -- -- -- -- -- -- -- --
Chloroform 5.7 470.8** -- 0.3J -- -- -- -- -- -- -- -- -- --
Ethylbenzene 30* 605 -- -- -- -- -- -- -- -- -- -- -- --
Methyl Cyclohexane NA NA -- 3 J -- -- -- -- -- -- -- -- -- --
Tetrachloroethene 3 8.85** -- -- -- -- -- -- -- -- -- -- -- --
Toluene 40* 475 -- -- -- -- 0.2J -- -- -- -- -- -- --
Trichloroethene 3* 80.7** -- -- -- -- -- -- -- -- -- -- -- --
Trichlorofluoromethane 2100 NA -- -- -- -- -- -- -- -- -- -- -- --
Vinyl Chloride 1 NA -- -- -- -- -- -- -- -- -- -- -- --
Xylenes (total) 20* 370 -- -- -- -- -- -- -- -- -- -- -- --

SVOCs (ug/L)
1-Methylnaphthalene 20 95 -- -- -- -- -- -- -- -- -- -- 0.27 --
2-Methylnaphthalene 20 30 -- -- -- -- -- -- -- -- -- -- 0.24 --
2-Methylphenol 35 250 -- -- -- -- -- -- -- -- -- -- -- --
3&4-Methylphenol 4 70 -- -- -- -- -- -- -- -- -- -- -- --
Acenaphthene 20 3 -- 0.5 -- -- -- -- 0.26 0.56 -- -- 0.15J --
Acenaphthylene 210 0.031** -- -- -- -- -- -- -- -- -- -- -- --
Acetophenone 700 7,750 -- -- -- -- -- -- -- -- -- -- -- --
Anthracene 2100 0.3 -- -- -- -- -- -- -- -- -- -- -- --
bis(2-ethylhexyl)phthalate (DEHP) 6 0.02 -- -- -- -- -- -- -- -- -- -- -- 18 J

  Florida Limit***

Table 2.4.  Summary of detections in AOC 1 groundwater samples.  Shaded values indicate exceedance of the Florida Groundwater 
Cleanup Target Levels (GCTLs) or Marine Surface Water Cleanup Target Levels (SWCTLs). 
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AOC 1 Wells PCY-13-

Sample Location 14 I 15 I 15S 16D 16 I 16S 17D 17 I 17S 18D 18 I 18S
Sample Date 5/16/03 5/16/03 5/16/03 5/19/03 5/19/03 5/19/03 5/20/03 5/20/03 5/19/03 5/20/03 5/20/03 5/20/03

GCTL SWCTL
  Florida Limit***

Table 2.4.  Summary of detections in AOC 1 groundwater samples.  Shaded values indicate exceedance of the Florida Groundwater 
Cleanup Target Levels (GCTLs) or Marine Surface Water Cleanup Target Levels (SWCTLs). 

SVOCs (ug/L)
Fluorene 280 30 -- 0.42 -- -- -- -- 0.2 0.57 0.3 -- -- --
Naphthalene 20 26 0.88J -- -- -- -- -- -- 0.14J -- 3.1 2.8 --
Phenanthrene 210 0.031** -- -- -- -- -- -- -- -- -- -- -- --
Phenol 10 6.5 -- -- -- -- -- -- -- -- -- -- -- --

Geochemical Parameters
Arsenic (ug/L) 50* 50** -- 5.6 -- -- -- -- -- -- -- -- -- --
Dissolved Oxygen (mg/L) 0.41 0.45 0.66 1.09 2.9 2.61 0.44 0.35 0.45 1.1 1.42 4.35
Ethane (ug/L) -- -- -- -- -- -- -- -- -- -- -- --
Ethene (ug/L) -- -- -- -- -- -- -- -- -- -- -- --
Manganese 50* NA 4.2 10.6 1.5 11.9 8.0J 7.5J 9.4J 16 13.6 6.0J 6.5J 3.3J
Methane (ug/L) 210 400 -- 440 160 120 430 380 220 24 -- --
Oxid. Red. Pot., ORP (mV) -60 -18 79 -124 -67 -65 -69 4 -49 22 2 180
pH (S.U.) 4.81 5.02 6.23 6.35 5.84 5.75 5.67 5.18 6.09 4.44 4.65 5.71
Total Organic Carbon (mg/L) 6.8 4.3 4.9 3 2 18 4.2 4.6 8.9 3.4 3.5 3.5
Turbidity (NTU) 55 11 1.4 4.2 -0.1 4.3 11 34 6.9 -3.6 3.2 9

Notes: J = estimated value below the sample limit of quantification
NA = not available or not applicable
NS = not sampled due to presence of free product
Well PCY-13-7S abandoned due to blockage by tree roots
* = Florida Primary MCL, FAC 62-550 ( or Secondary Std. for ethylbenzene, toluene, xylenes, Mn)
** = Class II of Florida Surface Water Quality Rule, FAC 62-302.530
*** = Table I of Florida Contaminant Cleanup Target Levels, FAC 62-777
Targets for 3-Methylphenol are 35 ug/L (GW) and 445 ug/L (SW).  
-- = not detected

CMS AOC1 Tables.xls:  CMS Addendum GW
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2.  Free product removal by bioslurper completed in April, 2001
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NA Not Available

Notes
1.  Free product removal by bioslurper completed in April, 2001
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Figure 4.1
AOC 1 Exceedences of 1,1-DCE
October 2001, April 2002, and May 2003
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Monitoring Well, Installed 2002

3.2 ug/L 1,1-DCE contour
(from DPT samples, Sept. to Oct. 2001)

Notes:
1. AOC = Area of Concern

2. SWCTL = Florida Marine Surface Water 
Cleanup Target Level

SWCTL for 1,1-DCE = 3.2 ug/L3.
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Figure 6.1
AOC 1 Exceedences of 1,1-DCE and 
Proposed Location of Biosparge Wells
For Alternative 1-3

Legend
Monitoring Well, Installed 1991 or 1993

Monitoring Well, Installed 2002

Proposed Biosparge Well Area of Influence

3.2 ug/L 1,1-DCE contour
(from DPT samples, Sept. to Oct. 2001)

Notes:
1. AOC = Area of Concern

2. SWCTL = Florida Marine Surface Water 
Cleanup Target Level
SWCTL for 1,1-DCE = 3.2 ug/L3.
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Figure 6.2
AOC 1 Exceedences of 1,1-DCE and
Proposed Locations for Alternative 1-4
Coastal Contamination Migration Monitoring

Legend
Monitoring Well, Installed 1991 or 1993

Monitoring Well, Installed 2002

25 ug/L 1,1-DCE contour
(from DPT samples taken at depths of 20 to 25 ft 
below ground surface, Sept. - Oct. 2001)

Notes:
1. AOC = Area of Concern

2. SWCTL = Florida Marine Surface Water 
Cleanup Target Level

3. SWCTL for 1,1-DCE = 3.2 ug/L
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Cost Estimates 



CSS Panama City 
SWMU 10 MNA Cost Report for 3 Wells  

 
Site: 
 Name: CSS Panama City, SWMU 10 
 Location: PANAMA CITY, FLORIDA 
 Modifiers: Material 0.9745  (Modified) 
 Labor 0.6679  (Modified) 
 Equipment 0.933  (Modified) 
  
  
Description: 
Monitored Natural Attenuation with 3 wells sampled over 5 years 
 Name: MNA Remedy-3 wells Media/Waste Type: Groundwater 
 Type: Remedial Action Secondary Media/Waste Type: N/A 
 Labor Rate Group: System Labor Rate Contaminant: Volatile Organic Compounds 
 (VOCs) 
 Analysis Rate Group: System Analysis Rate Secondary Contaminant: None 
 Markup Template: System Defaults O&M Markup Template: N/A 
 
Present Worth Summary: 
 

Technology Name Year 0 Year 1 Year 2 Year 3 Year 4 Year 5
Professional Labor Management $12,466

General Monitoring $40,923 $10,231 $10,231 $10,231 $10,231
Groundwater specific $9,582 $2,395 $2,395 $2,395 $2,395

Sub-Total $12,466 $50,505 $12,626 $12,626 $12,626 $12,626
Escalation Factor 1.0286 1.0509 1.074 1.0976 1.1218 1.1465

Discount Factor @ 7% 1.000 0.935 0.873 0.816 0.763 0.713
Total $12,823 $49,626 $11,838 $11,308 $10,807 $10,321

Present Worth for 5 year operation: $106,723



CSS Panama City 
SWMU 10 MNA Cost Report for 3 Wells 

 
 Technology: Professional Labor Management 
 
  
 Unit of Material Labor Equipment Extended Cost 
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override 
 33220138 Project Management Labor Cost 1.00 LS 0.00 1,047.09 0.00 $1,047.09 
 33220139 Planning Documents Labor Cost 1.00 LS 0.00 837.67 0.00 $837.67 
 33220140 Construction Oversight Labor Cost 1.00 LS 0.00 680.61 0.00 $680.61 
 33220141 Reporting Labor Cost 1.00 LS 0.00 157.06 0.00 $157.06 
 33220142 As-Built Drawings Labor Cost 1.00 LS 0.00 157.06 0.00 $157.06 
 33220143 Public Notice Labor Cost 1.00 LS 0.00 52.35 0.00 $52.35 
 33220144 Site Closure Activities Labor Cost 1.00 LS 0.00 0.00 0.00 $0.00 
 33220145 Permitting Labor Cost 1.00 LS 0.00 1,047.09 0.00 $1,047.09 
 33220146 Responsible Party Labor Cost 1.00 LS 0.00 0.00 0.00 $0.00 
 33220147 Reimbursement Claims 1.00 LS 0.00 0.00 0.00 $0.00 
 Preparation Labor Cost 
 33220148 Other Labor Cost 1.00 LS 0.00 0.00 0.00 $0.00 
 
  
 Total Technology Cost $3,978.95 
  
 Cost Markups: $8,487 
  
 Total Professional Labor Management Cost $12,466 

 
 
 
 



 
 
 CSS Panama City 

SWMU 10 MNA Cost Report for 3 Wells 
 
 Technology: Natural Attenuation (12 - months only) 
 
 Element: Groundwater 
 
 Unit of Material Labor Equipment Extended Cost 
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override 
 33020401 Disposable Materials per Sample 14.00 EA 7.48 0.00 0.00 $104.65 
 33020402 Decontamination Materials per 14.00 EA 6.72 0.00 0.00 $94.14 
 Sample 
 33021509 Water Quality Parameter Testing 1.00 WK 213.42 0.00 0.00 $213.42 
 Device 
 33021602 pH (EPA 150.1), Water Analysis 14.00 EA 7.31 0.00 0.00 $102.32 
 33021603 Total Dissolved Solids (EPA 14.00 EA 11.35 0.00 0.00 $158.94 
 160.1), Water Analysis 
 33021608 Nitrogen/Nitrite/Nitrate (EPA 14.00 EA 30.41 0.00 0.00 $425.81 
 300.0/SM 4110B, Water Analysis 
 33021618 Volatile Organic Analysis (EPA 14.00 EA 188.62 0.00 0.00 $2,640.66 
 624), Water Analysis 
 33021653 Chloride (EPA 300), Water 14.00 EA 15.79 0.00 0.00 $221.02 
 Analysis 
 33021663 Dissolved Oxygen (EPA 360.1), 14.00 EA 23.83 0.00 0.00 $333.68 
 Water Analysis 
 33021667 Sulfate (EPA 300.0), Water 14.00 EA 16.08 0.00 0.00 $225.11 
 Analysis 
 33021668 Sulfide (EPA 376.1), Water 14.00 EA 27.29 0.00 0.00 $382.00 
 Analysis 

 
  



 CSS Panama City 
SWMU 10 MNA Cost Report for 3 Wells 

 
 Element: Groundwater (cont.) 
 
 Unit of Material Labor Equipment Extended Cost 
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override 
 33021673 Total Organic Carbon, TOC (EPA 14.00 EA 22.90 0.00 0.00 $320.61 
 415.1/415.2), Water Analysis 
 33021678 Ferrous Iron (S.M. 3500 Fe - D) 14.00 EA 79.91 0.00 0.00 $1,118.73 
 33021679 Dissolved Iron (II) 14.00 EA 24.97 0.00 0.00 $349.60 
 33231186 Well Development Equipment 1.00 WK 213.42 0.00 0.00 $213.42 
 Rental (weekly) 
 33232407 Disposable Bailer, Polyethylene, 12.00 EA 8.72 0.00 0.00 $104.66 
 1.5" Outside Diameter x 36" 
 
 Total Element Cost $7,008.76 
 
 Element: General 
 
 Unit of Material Labor Equipment Extended Cost 
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override 
 33010104 Car or Van Mileage Charge 920.00 MI 0.33 0.00 0.00 $302.86 
 33010202 Per Diem (per person) 8.00 DAY 112.00 0.00 0.00 $896.00 
 33020577 pH/ORP/Temperature Meter - 4.00 DAY 39.95 0.00 0.00 $159.82 
 Daily Rental 
 33220102 Project Manager 16.00 HR 0.00 31.24 0.00 $499.92 
 33220105 Project Engineer 80.00 HR 0.00 23.13 0.00 $1,850.57 
 33220108 Project Scientist 209.00 HR 0.00 18.81 0.00 $3,930.68 

 
  



 CSS Panama City 
SWMU 10 MNA Cost Report for 3 Wells 

 
 Element: General 
 
 Unit of Material Labor Equipment Extended Cost 
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override 
 33220109 Staff Scientist 240.00 HR 0.00 17.95 0.00 $4,308.43 
 33220112 Field Technician 64.00 HR 0.00 12.55 0.00 $803.30 
 33220114 Word Processing/Clerical 64.00 HR 0.00 10.40 0.00 $665.68 
 33220115 Draftsman/CADD 32.00 HR 0.00 16.12 0.00 $515.81 
 
 Total Element Cost $13,933.08 
 
 Total Technology Cost $20,941.84 
 
 Cost Markups $29,563 
 
 Total MNA Cost (1st year) $50,505 

 



CSS Panama City 
AOC 1 Biosparging Cost Report 

 
 Site: 
 Name: CSS Panama City, AOC 1 
 Location: PANAMA CITY, FLORIDA 
 Modifiers: Material 0.9745  (Modified) 
 Labor 0.6679  (Modified) 
 Equipment 0.933  (Modified) 
 Description: 

Biosparging along St. Andrew Bay with 5 year O&M including 1 year of quarterly groundwater monitoring and 4 years of annual 
monitoring for 8 wells.  

 Media/Waste Type: Groundwater 
 Type: Remedial Action Secondary Media/Waste Type: N/A 
 Labor Rate Group: System Labor Rate Contaminant: Volatile Organic Compounds 
 (VOCs) 
 Analysis Rate Group: System Analysis Rate Secondary Contaminant: None 
 Markup Template: System Defaults O&M Markup Template: System Defaults 
 
Present Worth Cost Summary: 
 

Technology Name Year 0 Year 1 Year 2 Year 3 Year 4 Year 5
Air Sparging $75,996

Decontamination Facilities $23,725
O&M Startup Costs $2,042

Professional Labor Management $103,214
Groundwater Monitoring $12,718 $3,180 $3,180 $3,180 $3,180

General Monitoring $22,328 $5,582 $5,582 $5,582 $5,582
Miscellaneous Support Costs O&M $5,273 $6,926 $5,273 $6,926 $11,887

Air Sparging O&M $11,911 $11,911 $11,911 $11,911 $11,911

Sub-Total $204,977 $52,230 $27,599 $25,946 $27,599 $32,560
Escalation Factor 1.0286 1.0509 1.074 1.0976 1.1218 1.1465

Discount Factor @ 7% 1.000 0.935 0.873 0.816 0.763 0.713
Total $210,839 $51,321 $25,877 $23,238 $23,623 $26,616

Present Worth Total for 10 years O&M: $361,515



 
Capital Cost Summary: 
 

Technology Direct Cost Markups Total Cost 

Air Sparging $53,737 $22,259 $75,996 

Decontamination Facilities $16,894 $6,831 $23,725 

O&M Startup Costs $1,420 $622 $2,042 

Professional Labor Management $34,188 $69,026 $103,214 

Total Capital Cost $142,074 $132,996 $275,070 

 
 
Markups Summary: 

 
 
  
 

 Prime 
 General Sub Markup Prime Owner Markup 
 Technology Direct Cost Conditions  Overhead  Profit  on Sub  Profit  Risk  Cost  Total Total 

 Air Sparging $53,737  $22,259  $75,996 
 (100% Prime) $4,564  $8,406  $0  $0  $5,670  $0  $3,619 

Decontamination $16,894  $6,831  $23,725 
 Facilities 
 (100% Prime) $1,423  $2,508  $0  $0  $1,770  $0  $1,130 
 
 O&M Startup Costs $1,420  $622  $2,042 
 (100% Prime) $134  $239  $0  $0  $152  $0  $97 

Professional Labor $34,188  $69,026  $103,214 
 Management 
 (100% Prime) $1,709  $54,701  $0  $0  $7,701  $0  $4,915 



CSS Panama City 
AOC 1 Biosparging Cost Report 

 Technology: Air Sparging 
 
 
 Unit of Material Labor Equipment Extended Cost
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override
 33010101 Mobilize/DeMobilize Drilling Rig & 1.00 LS 0.00 521.94 1,859.43 $2,381.37 
 Crew 
 33020303 Organic Vapor Analyzer Rental, 8.00 DAY 105.45 0.00 0.00 $843.64 
 per Day 
 33021720 Volatile Organic Analysis (SW 32.00 EA 188.62 0.00 0.00 $6,035.79 
 5035/SW 8260B), Soil Analysis 
 33132377 Equipment Enclosure, 8' x 15', 1.00 EA 2,287.35 0.00 0.00 $2,287.35 
 Portable Building/Shed; lined, 
 insulated, skid mounted, 
 w/exhaust fan 
 33139005 Air Sparge System, Blower 98 1.00 EA 7,808.00 0.00 0.00 $7,808.00 
 SCFM, 3.2 HP, 5 PSI, base, intake 
 filter, silencer, pulleys, belt, belt 
 guard. 
 33170808 Decontaminate Rig, Augers, 8.00 DAY 101.45 0.00 0.00 $811.56 
 Screen (Rental Equipment) 
 33220112 Field Technician 128.00 HR 0.00 12.55 0.00 $1,606.60 
 33230101 2" PVC, Schedule 40, Well Casing 528.00 LF 1.04 1.74 6.20 $4,738.64 
 33230201 2" PVC, Schedule 40, Well Screen 32.00 LF 2.39 2.24 8.00 $404.27 
 33230301 2" PVC, Well Plug 16.00 EA 5.04 2.61 9.30 $271.19 

 



 CSS Panama City 
AOC 1 Biosparging Cost Report 

 
 
 Technology: Air Sparging (cont.) 
 
 Unit of Material Labor Equipment Extended Cost
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override
 33231101 Hollow Stem Auger, 8" Dia 576.00 LF 0.00 4.77 17.00 $12,538.08 
 Borehole, Depth <= 100 ft 
 33231173 Split Spoon Sampling 128.00 LF 0.00 7.46 26.56 $4,354.51 
 33231182 Furnish 55 Gallon Drum for Drill 30.00 EA 70.65 0.00 0.00 $2,119.54 
 Cuttings & Development Water 
 33231401 2" Screen, Filter Pack 64.00 LF 2.69 1.48 5.27 $604.01 
 33231811 2" Well, Portland Cement Grout 480.00 LF 1.00 0.00 0.00 $480.96 
 33232101 2" Well, Bentonite Seal 16.00 EA 8.00 5.87 20.92 $556.58 
 33260428 2" PVC, Schedule 80, Connection 360.00 LF 0.77 1.91 0.00 $964.33 
 Piping 
 33260460 4" PVC, Schedule 80, Manifold 240.00 LF 2.29 4.12 0.00 $1,538.47 
 Piping 
 33270124 2" PVC, Schedule 80, Tee 16.00 EA 11.01 0.00 0.00 $176.21 
 33270134 2" PVC, Schedule 80, 90 Degree, 16.00 EA 2.99 0.00 0.00 $47.92 
 Elbow 
 33270167 4" x 2" Reducer, PVC Schedule 80 16.00 EA 32.27 0.00 0.00 $516.31 
 33270440 2" PVC, Sch 80, Ball Valve 16.00 EA 76.99 0.00 0.00 $1,231.88 
 33310209 Pressure Gauge 16.00 EA 60.77 27.95 0.00 $1,419.53 
 
 
 
 Total Technology Cost $53,736.75 
 
  
 
 
 
 
 
 



 

CSS Panama City 
AOC 1 Biosparging Cost Report 

 
 
Technology: Decontamination Facilities 
 
 Unit of Material Labor Equipment Extended Cost
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override
 17030109 Pad Subgrade Preparation 35.56 CY 0.00 1.15 2.18 $118.24 
 17030257 Cat 215, 1.0 CY, Soil, Shallow, 1.78 CY 0.00 0.36 0.64 $1.78 
 Trenching 
 17030501 Compact Subgrade, 2 Lifts 35.56 CY 0.00 0.12 0.24 $12.59 
 17030510 Dry Roll Gravel, Steel Roller 106.67 SY 0.00 0.31 0.25 $59.46 
 18010102 Gravel, Delivered & Dumped 14.81 CY 18.96 1.34 1.37 $320.78 
 18010103 Gravel (90%) & Sand Base (10%), 14.81 CY 18.91 1.49 1.43 $323.31 
 with Calcium Chloride 3/4 - 1 
 Lb/CY 
 18010203 Asphalt Curb 8" W x 6" H 120.00 LF 1.34 1.53 3.00 $703.82 
 18010310 Prime Coat 88.89 SY 0.30 0.02 0.03 $30.84 
 18010312 Asphalt Wearing Course, 1 Pass 19.33 TON 29.35 10.81 12.44 $1,016.82 
 (Line Item Includes 5% Waste) 
 18020203 26" x 26", 5' Deep Area Drain with 1.00 EA 1,468.72 682.98 20.12 $2,171.81 
 Grate 
 19020313 5' x 5' x 5' Reinforced Concrete 1.00 EA 1,411.24 966.16 70.95 $2,448.35 
 Sump 
 19020604 12" x 12" CIP Concrete In-Ground 20.00 LF 37.48 31.38 0.51 $1,387.33 
 Trench Drain with Metal Grate 

 



CSS Panama City 
AOC 1 Biosparging Cost Report 

 
Technology: Decontamination Facilities (cont.) 
 
 Unit of Material Labor Equipment Extended Cost
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override
 19040604 1,500 Gallon Steel Sump, 1.00 EA 1,557.39 511.51 0.00 $2,068.90 
 Aboveground with Supports & 
 Fittings 
 33080503 Polymeric Liner Anchor Trench, 3' 144.00 LF 0.05 0.39 0.16 $85.94 
 x 1.5' 
 33080532 8 oz/sy Erosion Control/Drainage 106.67 SY 0.65 0.31 0.02 $105.61 
 Filter Fabric (80 Mil) 
 33080571 40 Mil Polymeric Liner, 960.00 SF 0.26 0.67 0.16 $1,045.73 
 High-density Polyethylene 
 33170818 1,800 PSI Pressure Washer 1.00 MO 1,023.23 0.00 0.00 $1,023.23 
 Rental 
 33170823 Operation of Pressure Washer, 20.00 HR 6.09 24.28 0.00 $607.46 
 Including Water, Soap, Electricity, 
 Labor 
 33231306 High Sump Level Switch for 1.00 EA 199.77 101.64 0.00 $301.41 
 Avoiding Overflow 
 33260623 (2 1/2", 4") PVC Double-wall 30.00 LF 15.19 13.33 0.00 $855.45 
 Piping, with Fittings 
 33290401 25 GPM, 1 1/2" Discharge, 1.00 EA 1,970.31 235.29 0.00 $2,205.60 
 Cast-iron Sump Pump 
 
  
 Total Technology Cost $16,894.46 
 
 
 
 
 
 
 
 
 
 
 



CSS Panama City 
AOC 1 Biosparging Cost Report 

 
 
Technology: O&M Startup Costs 
  
 Unit of Material Labor Equipment Extended Cost
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override
 33240101 Other Direct Costs 1.00 LS 568.18 568.18 284.09 $1,420.44 
  
 Total Technology Cost $1,420.44 
 
 Technology: Professional Labor Management 
 
 
 Unit of Material Labor Equipment Extended Cost
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override
 33220138 Project Management Labor Cost 1.00 LS 0.00 8,996.86 0.00 $8,996.86 
 33220139 Planning Documents Labor Cost 1.00 LS 0.00 7,197.49 0.00 $7,197.49 
 33220140 Construction Oversight Labor Cost 1.00 LS 0.00 5,847.96 0.00 $5,847.96 
 33220141 Reporting Labor Cost 1.00 LS 0.00 1,349.53 0.00 $1,349.53 
 33220142 As-Built Drawings Labor Cost 1.00 LS 0.00 1,349.53 0.00 $1,349.53 
 33220143 Public Notice Labor Cost 1.00 LS 0.00 449.84 0.00 $449.84 
 33220144 Site Closure Activities Labor Cost 1.00 LS 0.00 0.00 0.00 $0.00 
 33220145 Permitting Labor Cost 1.00 LS 0.00 8,996.86 0.00 $8,996.86 
 33220146 Responsible Party Labor Cost 1.00 LS 0.00 0.00 0.00 $0.00 
 33220147 Reimbursement Claims 1.00 LS 0.00 0.00 0.00 $0.00 
 Preparation Labor Cost 
 33220148 Other Labor Cost 1.00 LS 0.00 0.00 0.00 $0.00 
 
  
 
 Total Technology Cost $34,188.08 
 
 
 
 
 
 



CSS Panama City 
AOC 1 Biosparging Cost Report 

 
 Technology: Monitoring (12 - months only) 
 
 Element: Groundwater 
 
 Unit of Material Labor Equipment Extended Cost
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override
 33020401 Disposable Materials per Sample 36.00 EA 7.48 0.00 0.00 $269.10 
 33020402 Decontamination Materials per 36.00 EA 6.72 0.00 0.00 $242.07 
 Sample 
 33020561 Nylon Tubing, 1/4" Outside 1,145.00 LF 0.39 0.00 0.00 $446.32 
 Diameter 
 33021509 Water Quality Parameter Testing 1.00 WK 213.42 0.00 0.00 $213.42 
 Device 
 33022131 Purgeable Halocarbons (SW 36.00 EA 125.18 0.00 0.00 $4,506.39 
 5030B/SW 8021B Halocarbons), 
 Water Analysis 
 33022132 Purgeable Aromatics (SW 36.00 EA 99.46 0.00 0.00 $3,580.45 
 5030B/SW 8021B Aromatics), 
 Water Analysis 
 33230509 4" Submersible Pump Rental, Day 4.00 DAY 69.70 0.00 0.00 $278.78 
 33231186 Well Development Equipment 1.00 WK 213.42 0.00 0.00 $213.42 
 Rental (weekly) 
 
 Total Element Cost $9,749.95 



CSS Panama City 
AOC 1 Biosparging Cost Report 

 
 
 Element: General Monitoring 
 
 Unit of Material Labor Equipment Extended Cost
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override
 33010104 Car or Van Mileage Charge 920.00 MI 0.33 0.00 0.00 $302.86 
 33010202 Per Diem (per person) 8.00 DAY 112.00 0.00 0.00 $896.00 
 33220102 Project Manager 4.00 HR 0.00 31.24 0.00 $124.98 
 33220105 Project Engineer 30.00 HR 0.00 23.13 0.00 $693.96 
 33220108 Project Scientist 157.00 HR 0.00 18.81 0.00 $2,952.71 
 33220109 Staff Scientist 80.00 HR 0.00 17.95 0.00 $1,436.14 
 33220112 Field Technician 82.00 HR 0.00 12.55 0.00 $1,029.23 
 33220114 Word Processing/Clerical 30.00 HR 0.00 10.40 0.00 $312.04 
 33220115 Draftsman/CADD 26.00 HR 0.00 16.12 0.00 $419.10 
 
 Total Element Cost $8,167.03 
 
 Total Technology Cost $17,916.98 

 

  
 
 
 
 
 
 



 

CSS Panama City 
AOC 1 Biosparging Cost Report 

 
 
 Technology: Operations and Maintenance (12 - months only) 
 
 Element: Miscellaneous 
 
 Unit of Material Labor Equipment Extended Cost
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override
 33010202 Per Diem (per person) 8.00 DAY 112.00 0.00 0.00 $896.00 
 33010204 Mobilize Crew, 100 Miles, per 4.00 EA 87.45 0.00 0.00 $349.80 
 Person 
 33010423 Disposable Gloves (Latex) 41.00 PAIR 0.20 0.00 0.00 $8.19 
 33010425 Disposable Coveralls (Tyvek) 41.00 EA 4.18 0.00 0.00 $171.27 
 33190340 Non Haz Drummed Site Waste - 2.00 EA 192.01 0.00 0.00 $384.01 
 Load, Transp, & Landfill Disp 
 (55-Gal Drums) 
 33199921 DOT Steel Drum, 55 Gallon 2.00 EA 70.65 0.00 0.00 $141.30 
 33220112 Field Technician 32.00 HR 0.00 12.55 0.00 $401.65 
 99020110 Annual Maintenance Materials and 1.00 LS 429.89 429.89 214.95 $1,074.74 
 Labor 
 
 Total Element Cost $3,426.97 

 

  



CSS Panama City 
AOC 1 Biosparging Cost Report 

 
 Element: Air Sparging 
 
 Unit of Material Labor Equipment Extended Cost
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override
 33021803 Tentative ID Compunds, GC/MS, 20.00 EA 134.48 0.00 0.00 $2,689.62 
 Air (30/5041/8260B - TO-14), Air 
 Analysis 
 33220106 Staff Engineer 28.00 HR 0.00 18.43 0.00 $516.11 
 33220112 Field Technician 136.00 HR 0.00 12.55 0.00 $1,707.02 
 33420101 Electrical Charge 14,016.00 KWH 0.06 0.00 0.00 $864.79 
 
 Total Element Cost $5,777.53 
 
 Total Technology Cost $9,204.50 
 Runtime Percent Cost Adjustment 97% 
 O & M Total Cost $8,928.37 
 



 CSS Panama City 
AOC 1 MNA Cost Report for 8 Wells  

 
Site: 
 Name: CSS Panama City, AOC 1 
 Location: PANAMA CITY, FLORIDA 
 Modifiers: Material 0.9745  (Modified) 
 Labor 0.6679  (Modified) 
 Equipment 0.933  (Modified) 
 
 Description: 
MNA remedy with 8 wells over 5 year period.  Quarterly monitoring for 1st year, annual thereafter. 
 Name: MNA Remedy- 8 wells Media/Waste Type: Groundwater 
 Type: Remedial Action Secondary Media/Waste Type: N/A 
 Labor Rate Group: System Labor Rate Contaminant: Volatile Organic Compounds 
 (VOCs) 
 Analysis Rate Group: System Analysis Rate Secondary Contaminant: None 
 Markup Template: System Defaults O&M Markup Template: N/A 
 
Present Worth Summary: 
 

 
 
 

Technology Name Year 0 Year 1 Year 2 Year 3 Year 4 Year 5
Professional Labor Management $23,091

Groundwater $23,939 $5,985 $5,985 $5,985 $5,985
General $62,233 $15,558 $15,558 $15,558 $15,558

Sub-Total $23,091 $86,172 $21,543 $21,543 $21,543 $21,543
Escalation Factor 1.0286 1.0509 1.074 1.0976 1.1218 1.1465

Discount Factor @ 7% 1.000 0.935 0.873 0.816 0.763 0.713
Total $23,751 $84,672 $20,199 $19,295 $18,439 $17,610

Present Worth for 5 year operation: $183,967



CSS Panama City 
AOC 1 MNA Cost Report for 8 Wells 

 
 Technology: Professional Labor Management 
 
 Unit of Material Labor Equipment Extended Cost 
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override 
 33220138 Project Management Labor Cost 1.00 LS 0.00 1,975.49 0.00 $1,975.49 
 33220139 Planning Documents Labor Cost 1.00 LS 0.00 1,580.39 0.00 $1,580.39 
 33220140 Construction Oversight Labor Cost 1.00 LS 0.00 1,284.07 0.00 $1,284.07 
 33220141 Reporting Labor Cost 1.00 LS 0.00 296.32 0.00 $296.32 
 33220142 As-Built Drawings Labor Cost 1.00 LS 0.00 296.32 0.00 $296.32 
 33220143 Public Notice Labor Cost 1.00 LS 0.00 98.77 0.00 $98.77 
 33220144 Site Closure Activities Labor Cost 1.00 LS 0.00 0.00 0.00 $0.00 
 33220145 Permitting Labor Cost 1.00 LS 0.00 1,975.49 0.00 $1,975.49 
 33220146 Responsible Party Labor Cost 1.00 LS 0.00 0.00 0.00 $0.00 
 33220147 Reimbursement Claims 1.00 LS 0.00 0.00 0.00 $0.00 
 Preparation Labor Cost 
 33220148 Other Labor Cost 1.00 LS 0.00 0.00 0.00 $0.00 
 
  
   Total Technology Cost   $7,506.86 
   

  Cost Markups   $15,584 
   
                 Total Professional Labor Cost                $23,091 

 
 

 
 
 
 
 
 
 
 
 



CSS Panama City 
AOC 1 MNA Cost Report for 8 Wells 

 
 Technology: Natural Attenuation (12 - months only) 
 
 Element: Groundwater 
 
 Unit of Material Labor Equipment Extended Cost 
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override 
 33020401 Disposable Materials per Sample 36.00 EA 7.48 0.00 0.00 $269.10 
 33020402 Decontamination Materials per 36.00 EA 6.72 0.00 0.00 $242.07 
 Sample 
 33020561 Nylon Tubing, 1/4" Outside 1,145.00 LF 0.39 0.00 0.00 $446.32 
 Diameter 
 33021509 Water Quality Parameter Testing 1.00 WK 213.42 0.00 0.00 $213.42 
 Device 
 33021602 pH (EPA 150.1), Water Analysis 36.00 EA 7.31 0.00 0.00 $263.12 
 33021603 Total Dissolved Solids (EPA 36.00 EA 11.35 0.00 0.00 $408.70 
 160.1), Water Analysis 
 33021608 Nitrogen/Nitrite/Nitrate (EPA 36.00 EA 30.41 0.00 0.00 $1,094.93 
 300.0/SM 4110B, Water Analysis 
 33021618 Volatile Organic Analysis (EPA 36.00 EA 188.62 0.00 0.00 $6,790.27 
 624), Water Analysis 
 33021653 Chloride (EPA 300), Water 36.00 EA 15.79 0.00 0.00 $568.33 
 Analysis 
 33021663 Dissolved Oxygen (EPA 360.1), 36.00 EA 23.83 0.00 0.00 $858.04 
 Water Analysis 
 33021667 Sulfate (EPA 300.0), Water 36.00 EA 16.08 0.00 0.00 $578.85 
 Analysis 

 

   
 



CSS Panama City 

AOC 1 MNA Cost Report for 8 Wells 
 
 Element: Groundwater 
 
 Unit of Material Labor Equipment Extended Cost 
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override 
 33021668 Sulfide (EPA 376.1), Water 36.00 EA 27.29 0.00 0.00 $982.30 
 Analysis 
 33021673 Total Organic Carbon, TOC (EPA 36.00 EA 22.90 0.00 0.00 $824.43 
 415.1/415.2), Water Analysis 
 33021678 Ferrous Iron (S.M. 3500 Fe - D) 36.00 EA 79.91 0.00 0.00 $2,876.72 
 33021679 Dissolved Iron (II) 36.00 EA 24.97 0.00 0.00 $898.98 
 33230509 4" Submersible Pump Rental, Day 4.00 DAY 69.70 0.00 0.00 $278.78 
 33231186 Well Development Equipment 1.00 WK 213.42 0.00 0.00 $213.42 
 Rental (weekly) 
 
 Total Element Cost $17,807.78 
 
 Element: General 
 
 Unit of Material Labor Equipment Extended Cost 
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override 
 33010104 Car or Van Mileage Charge 920.00 MI 0.33 0.00 0.00 $302.86 
 33010202 Per Diem (per person) 16.00 DAY 112.00 0.00 0.00 $1,792.00 
 33020577 pH/ORP/Temperature Meter - 4.00 DAY 39.95 0.00 0.00 $159.82 
 Daily Rental 
 33220102 Project Manager 24.00 HR 0.00 31.24 0.00 $749.87 
 33220105 Project Engineer 120.00 HR 0.00 23.13 0.00 $2,775.85 

 
  



 CSS Panama City 
AOC 1 MNA Cost Report for 8 Wells 

 
 Element: General 
 
 Unit of Material Labor Equipment Extended Cost 
 Assembly Description Quantity 
 Measure Unit Cost Unit Cost Unit Cost Cost Override 
 33220108 Project Scientist 366.00 HR 0.00 18.81 0.00 $6,883.40 
 33220109 Staff Scientist 360.00 HR 0.00 17.95 0.00 $6,462.65 
 33220112 Field Technician 64.00 HR 0.00 12.55 0.00 $803.30 
 33220114 Word Processing/Clerical 96.00 HR 0.00 10.40 0.00 $998.52 
 33220115 Draftsman/CADD 48.00 HR 0.00 16.12 0.00 $773.72 
 
 Total Element Cost $21,702.00 
 
 Total Technology Cost $39,509.78 
 
 Cost Markups $46,663 
 
 Total MNA Cost (1st year) $86,172 
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Well Construction Details 
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Appendix E 

 

Analytical Data from the Laboratory 

(See attached CD) 

 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CMS Addendum NSA Panama City   

 

Appendix F 

 

Field Data Log Forms 

(See attached CD) 
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Appendix G 

 

Regulatory Comments and Navy Response to 

Comments on the Draft CMS Addendum 

September, 2003 

 

 

 

 



CMS Addendum NSA Panama City  Response to Comments 
  01/20/2004 

Response to Comments 
 
FDEP Comments 
 
1. General Comment: Compare the manganese groundwater concentrations to the 

range of background samples that have been taken for the base instead of 
comparing it to the 2x the average background concentration.  Doing this may 
help in eliminating some of the manganese contamination on site, please 
remember this approach can only be used when screening secondary standards.   
 
Response:  As suggested, the CMS Addendum has been revised to compare 
manganese to the range of background concentrations.  It turned out that this 
change did not significantly affect the interpretation of results for manganese.   

 
2. General Comment:  It was decided by the partnering team that SWMU 9 would 

be left out of this CMS because groundwater did not have any exceedences above 
the Florida GCTL’s during the last groundwater sampling event.  Since this report 
has been issued SWMU 9 was sampled again and contamination exceeding 
Florida GCTL’s were detected.  If this situation persists SWMU 9 may have to be 
added to the CMS at some future date.   
 
Response:  The CMS Addendum has been revised to incorporate this comment.  
Additional groundwater sampling at SWMU 9 will occur in 2004, and the 
partnering team will use the results to determine the appropriate course of action 
for SWMU 9.   
 

3. Page 4-1, Section 4.1 SWMU10 Subsurface Soil, 1st paragraph:  The 
inorganics found in the groundwater as a result of the dirt that filled in the 
excavated dirt needs to be addressed.  The soil needs to be sampled and analyzed  
for inorganics to see if it is acting as the source for the contamination at the site.   
 
Response:  The incorporation of additional sampling has been added to the 
report, as suggested.  
 

4. Section 6.1.1.1 Description of Alternative 10-2: Monitored Natural 
Attenuation:  Monitoring well PC-363-MW-3 needs to be monitored for 
inorganics as well.  This is due to the 358 ug/L of manganese found during the 
last sampling event.   
 
Response:  The additional monitoring has been added to the report, as suggested.  
 

5. Section 6.1.1.1 Description of Alternative 10-2: Monitored Natural 
Attenuation:  An additional monitoring well needs to be installed down gradient 
from monitoring well PC-363-MW-2 to demonstrate that contamination is not 
transporting to St. Andrew Bay.   
 



CMS Addendum NSA Panama City  Response to Comments 
  01/20/2004 

Response:  The CMS Addendum has been revised to incorporate the additional 
monitoring well, as suggested.  Since the ground surface drops off sharply toward 
the bay, access for well installation may be an issue.  The best accessible location 
down-gradient of PC-363-MW-2 will be chosen.   
 

6. Section 6.2.2.1 Description of Alternative 1-4: Monitored Natural 
Attenuation:  The surface water will need to be sampled in the area adjacent to 
monitoring wells PCY-13-18 and PCY-13-17 to determine if the surface water 
exceeds surface water standards for the contaminants of concern for this site.  
Monitoring well PCY-13-18 should be re-sampled the bis(2-ethylhexyl)phthalate 
could be from contamination from the lab.   
 
Response:  The CMS Addendum has been revised to incorporate the additional 
sampling, as suggested.   

 

 

 

 

EPA Comments 

I have one minor comment but it may not be necessary if it is in the original CMS and 
only need to be repeated in the SoB.   The no action alternative should be included as a 
baseline, and since clean-up is based on Florida GWCTL standard the risk level (10 -6) it 
corresponds to should be referenced when it is first mentioned.   
 
Response:  The no action alternative will be repeated in the Statement of Basis.  The 
CMS Addendum has been revised to reference the risk level of 10-6, as suggested.   
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