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1.0 Introduction 

CH2M HILL Constructors, Inc. (CH2M HILL) has been contracted by the U.S. Naval 
Facilities Engineering Command Southeast (NAVFAC SE) to prepare this Technical 
Memorandum under Response Action Contract No. N62467-01-D-0331, Contract Task 
Order (CTO) No. 0085. The Technical Memorandum presents the results from the 
assessment work performed as outlined in the Site Assessment Work Plan (SA WP) 
(CH2M HILL, 2008). The work included light non-aqueous phase liquid (LNAPL) gauging 
and groundwater sampling at monitoring wells located at the Sherman Field Former Fuel 
Farm, Underground Storage Tank (UST) Site 000024, Naval Air Station (NAS) Pensacola, in 
Pensacola, Florida. 

This Technical Memorandum is organized into the following sections and appendices: 

• Section 1.0 Introduction. This section describes the purpose and scope of the 2008 
assessment and provides the operational history of the site.  

• Section 2.0 Assessment Activities. This section describes the methodology used during 
the 2008 assessment.  

• Section 3.0 Results of Investigation. This section presents the results obtained from the 
2008 assessment. 

• Section 4.0 Summary and Recommendations. This section provides a summary of 
findings from the assessment and provides recommendations for remedial action. 

• Section 5.0 References. This section lists the references used to prepare this document. 

• Appendix A contains the sampling logs. 

• Appendix B contains the laboratory analytical data sheets and chain-of-custody (COC) 
records. 

• Appendix C contains the mass budget analysis. 

• Appendix D contains the investigation-derived waste (IDW) profile, manifest, and 
certificate of disposal. 

Tables and figures appear at the end of their respective sections. 

1.1 Purpose 
This report provides a summary of assessment activities performed by CH2M HILL in 
November and December 2008. The work was performed in accordance with the 2008 SA 
WP (CH2M HILL, 2008). NAVFAC SE approved the plan for implementation in September 
2008.  

The assessment objectives were as follows: 
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• Verify the existing monitoring well network at the Sherman Field Former Fuel Farm. 

• Measure groundwater elevation and LNAPL, if present, in each well. 

• Collect groundwater samples from select monitoring wells. 

• Evaluate data to determine whether the Remedial Action Plan (RAP) completed in 2002 
is still appropriate or a RAP Addendum is needed to change or modify the proposed 
remedial action alternative for LNAPL recovery. 

1.2 Scope of Work 
The completed activities associated with the scope of work as outlined in the SA WP 
(CH2M HILL, 2008) include: 

• Mobilization and site preparation 

• Well verification and groundwater elevation and LNAPL survey 

• Groundwater sampling 

• Decontamination and demobilization 

• Technical memorandum documenting LNAPL gauging and groundwater sampling 

1.3 Site Description 
NAS Pensacola is located in northwest Florida on the western side of Pensacola Bay, 
approximately 2 miles south of Pensacola, Florida, on Navy Boulevard. The site is located 
on the western perimeter of the base (see Figure 1-1). The Sherman Field Former Fuel Farm, 
UST Site 000024, is an approximately 3.5-acre fenced area containing four cut-and-cover 
storage tanks (Tank Numbers 1884, 1886, 1887, and 1888) (see Figure 1-2). The petroleum 
storage tank system was installed circa 1945 and was used to store JP-4 jet fuel. An 
equipment malfunction led to a release of 48,000 gallons of JP-4 in 1983. NAS Pensacola 
personnel initially installed four recovery ditches and recovered approximately 600 to 700 
gallons of product. Shortly thereafter, use of the recovery ditches was discontinued by 
direction of the NAS Pensacola Fire Marshall. In August 1983, a product/groundwater 
recovery well system was installed. The recovery system proved ineffective and recovery 
efforts were discontinued (Tetra Tech NUS, Inc. [TtNUS], 2002a). The fuel storage tanks 
were abandoned in place in 1995 when a new fuel facility was constructed adjacent to the 
southern boundary of the original fuel farm. 

TtNUS completed a Site Assessment (SA) in 2000 to characterize the nature and extent of 
impacted soil and groundwater. During the SA, 31 monitoring wells were installed; 27 
shallow wells were completed to approximate depths of 17 to 30 feet below ground surface 
(bgs), 3 intermediate wells to approximately 40 feet bgs, and 1 deep well to approximately 
75 feet bgs. The former USTs at the Sherman Field Former Fuel Farm were installed upon a 
flat cut base and then covered with fill (TtNUS, 2002a). Typical site lithology is yellowish 
brown to light brown to white, silty, fine-to medium-grained sand at normal land surface 
and below the tank mound to approximately 38 feet bgs. Discontinuous 1-foot thick layers 
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of peat at 38 feet bgs and below were potentially confining layers encountered during the 
2000 SA investigation. Depths to groundwater ranged from 7.5 to 28.3 feet bgs in shallow 
wells at the site, reflecting the difference in elevation of wells installed in the mound 
covering the tanks and those installed off the mound. Water table elevation ranged from 18 
to 22 feet above mean sea level (msl). Groundwater flow in the shallow aquifer is generally 
to the south-southeast; however, it is localized in a radial pattern near the tank mound.  

In 2000, 50 wells were gauged for LNAPL thickness. Seven of the monitoring wells at the 
site contained measurable LNAPL thickness (TtNUS, 2002a). LNAPL measurements ranged 
from a visible sheen (MW2-S, MW3-S, and MW16-S) to 1.64 feet (MW-1) in thickness.. 

The two most recent monitoring events, completed in November 2000 and 
October/November 2001 were part of the SA. Samples collected during the events were 
analyzed for the analytes that comprise the gasoline and kerosene analytical groups as 
specified in Chapter 62-770 of the Florida Administrative Code (F.A.C.). Detected 
concentrations of benzene, ethylbenzene, xylene, 1- and 2-methylnaphthalene, naphthalene, 
and total petroleum hydrocarbons (TPH) exceeded Florida Department of Environmental 
Protection (FDEP) groundwater cleanup target levels (GCTLs) (TtNUS, 2002b). 

During the November 2000 monitoring event, methylene chloride was detected at a 
concentration of 13J micrograms per liter (µg/L) in MW16-S, which exceeds the GCTL of 
5 µg/L. In addition, chloroform was detected during the same monitoring event at a 
concentration of 6.6 µg/L in MW14-S, which slightly exceeds the GCTL of 5.7 µg/L. Neither 
constituent exceeded the GCTLs in the samples collected during the October/November 
2001 event. During the November 2000 and October/November 2001 monitoring events, 
lead was detected in five and six wells, respectively, with no results exceeding the GCTL of 
15 µg/L. In addition, methyl tertiary butyl ether (MTBE) was detected during the November 
2000 and the October/November monitoring events in deep monitoring well MW-13D at 
concentrations of 5.1J µg/L and at 4.6 µg/L, respectively; both of these concentrations are 
below the GCTL of 50 µg/L. Ethylene dibromide (EDB) was not detected during either of 
the two monitoring events (TtNUS, 2002a). 

During the SA investigation, soil borings were advanced to a depth of approximately 12 to 
28 feet bgs at 41 locations. The results of the assessment indicated that petroleum 
constituents were present in site soil from the tank location area at concentrations exceeding 
the requirements specified in 62-770 F.A.C. and 62-777 F.A.C. (TtNUS, 2002a). Based on 
headspace screening results, surface soils at the site were not impacted. “Excessively 
contaminated soils” were present between 4 to 8 feet bgs in the area surrounding Tank 1884 
and east of Tank 1887 (see Figure 1-2). TPH, benzene, ethylbenzene, total xylenes, 
naphthalene, and 1,2-methylnaphthalene concentrations in six soil samples from the tank 
areas exceeded leachability soil cleanup target levels 

In summary, the SA data indicated contaminated soil was generally limited to the vicinity of 
the former fuel tanks, dissolved petroleum contaminants exceeded FDEP GCTLs in site 
groundwater, and LNAPL was present in existing site monitoring wells. The Site 
Assessment Report recommended a RAP to address the LNAPL (TtNUs, 2002a). 

A RAP was completed for the Sherman Field Former Fuel Farm in 2002. The remedial action 
goal for the site was to remove LNAPL in excess of 0.01 foot. To achieve the goal, treatment 
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of hydrocarbons in the vadose zone and recovery of LNAPL was recommended in the RAP 
(TtNUS, 2002b). Because a monitoring or gauging event was not completed since the 2000 
and 2001 SA, the November and December 2008 assessment was completed to evaluate 
current conditions by verifying the existing monitoring well network, collecting 
groundwater elevation and LNAPL measurements, and collecting groundwater samples 
from select monitoring wells. Data collected from the 2008 assessment is discussed in the 
following sections and was used to determine whether the RAP completed in 2002 is still 
appropriate or a RAP Addendum is needed to change or modify the proposed remedial 
action alternative for LNAPL recovery. 
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2.0 Assessment Activities 

The 2008 assessment was conducted in general accordance with the standard operating 
procedures (SOPs) outlined in the FDEP SOPS for Field Activities (DEP-SOP-001/01, 2004) 
and adopted by the CH2M HILL Quality Control Plan (Section 5 of the SA WP 
[CH2M HILL, 2008]). 

2.1 Mobilization and Site Preparation  
CH2M HILL coordinated with the NAS Pensacola Facilities and Engineering Division and 
the Resident Officer in Charge of Construction (ROICC) to obtain access to the site prior to 
commencement of the work. Mobilization included procurement of required resources, 
including subcontractors, personnel, equipment, materials, supplies, and support facilities. 
CH2M HILL mobilized to the site on November 13, 2008, for the initial site visit. 

2.2 Well Verification and Groundwater Elevation and LNAPL 
Survey 

Groundwater monitoring wells were verified in the field prior to groundwater elevation 
and LNAPL gauging. The verification and inspection began with the wells listed in Table 2-
1. Table 2-1 provides the details of the well verification. Damaged wells or wells that were 
not located are noted in Table 2-1. 

Groundwater levels and LNAPL thickness (when present) were measured in monitoring 
wells located at the Sherman Field Former Fuel Farm using an electronic oil/water interface 
probe in accordance with the SA WP. The measurements were recorded and are 
summarized in Section 3. Well locations are shown on Figure 2-1.  

2.3 Groundwater Sampling 
Groundwater sampling was conducted to provide data for evaluation of the magnitude and 
extent of the dissolved hydrocarbon plume. The groundwater sampling event was 
conducted from November 25 to December 1, 2008. Water quality data were collected for 
comparison to the GCTLs, Freshwater Surface Water Criteria (FSWC), and Natural 
Attenuation Default Concentrations (NADCs). Groundwater samples were also collected to 
evaluate whether conditions are favorable for natural attenuation (NA). 

Groundwater samples were collected from 12 wells and analyzed for benzene, toluene, 
ethylbenzene, and xylene (BTEX) by U.S. Environmental Protection Agency (EPA) Method 
8260B, 16 method-listed polycyclic aromatic hydrocarbons (PAH) including 1-and 2-
methylnaphthalene and naphthalene by EPA Method 8270C, and TPH by the Florida 
Petroleum Residual Organic (FL-PRO) Method. The wells were selected based on previous 
measurements of LNAPL and groundwater flow direction, with downgradient wells and 
wells with detected concentrations of petroleum hydrocarbons preferred. 



ATL\WP\NAVYRAC4\NAS PENSACOLA\CTO85_TM\REV01\TM.DOC 2-2 

Two wells that historically had detected lead concentrations (MW16-S and MW22-S) were 
sampled for lead analysis. In addition, two wells that historically had detected 
concentrations of 1,2-dichloroethane (MW1-S and MW22-S) were sampled for 1,2-
dichloroethane analysis and the other priority pollutant volatile organic halocarbons by 
EPA Method 8260B. Due to infrequency of detection, MTBE and EDB were not included in 
the parameter list. Table 2-2 presents the list of the sampled wells with the completed 
analyses. Figure 2-1 depicts the well locations. 

Groundwater samples from 5 of the 12 wells were also analyzed for the following 
monitored natural attenuation (MNA) parameters: sulfate (SO4)/sulfide, alkalinity, 
methane, total organic carbon (TOC), and ferrous iron (Fe2+). All parameters were analyzed 
by a fixed laboratory with the exception of Fe2+

2.4 Waste Characterization and Containerization of 
Contaminated Media  

, sulfide, and alkalinity, which were analyzed 
in the field. Data from the five wells are representative of site geochemistry and were used 
to evaluate NA potential in the aquifer. The five wells were selected based on their spatial 
relationship to each other and to the contaminant plume. One well (MW-4S) is located 
upgradient of the historical LNAPL plume. Two wells (MW-1S, MW-3S) are located within 
the former plume, and two wells (MW12-S, MW16-S) are located downgradient of the 
former plume. During sampling of all wells, field measurements of dissolved oxygen (DO), 
oxidation-reduction potential (ORP), temperature, pH, and conductivity were recorded. 
Laboratory analytical results and field measurements are discussed in Section 3. 

Characterization sampling and laboratory analyses were completed to determine the 
necessary handling and transportation and disposal requirements for waste generated 
during the assessment. Water accumulated during purging activities and decontamination 
procedures was containerized in 55-gallon drums. Water was managed in accordance with 
the site Waste Management Plan in the SA WP (CH2M HILL, 2008). One composite sample 
was collected in accordance with the Sampling and Analysis Plan (SAP) outlined in the SA 
WP (CH2M HILL, 2008). Waste profiling and disposal information is provided in 
Section 3.3. 

2.5 Field Quality Control 
Field duplicate samples, equipment blanks, trip blanks, and matrix spike/matrix spike 
duplicates (MS/MSDs) were collected at the frequency specified in the SA WP 
(CH2M HILL, 2008).  

2.6 Decontamination and Demobilization 
Gauging and sampling equipment was decontaminated between each well and prior to 
demobilization. Water accumulated during the decontamination process was containerized 
in 55-gallon drums, and sampled, managed, transported, and disposed of in accordance 
with the SA WP (CH2M HILL, 2008). Decontamination of personnel and equipment was 
performed in accordance with the Health and Safety Plan (HSP) provided in Appendix B of 
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the SA WP (CH2M HILL, 2008) and the applicable provisions of 29 Code of Federal 
Regulations (CFR) 1910.120. 

During demobilization, all equipment and material remaining from gauging and sampling 
activities were removed. Accumulated solid waste was properly disposed of offsite in 
receptacles intended for waste delivery to a Subtitle D municipal landfill. 
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Top of Casing 
Elevation Total Depth

Screened 
Interval Well Located Current Condition and Comments

(feet msl) (feet bgs) (feet bgs)
MW1-S 40.01 24.43 14.5-24.5 Yes
MW2-S 43.95 29.55 18.5-28.5 Yes Fuel odor
MW3-S 45.65 29.55 19.0-29.0 Yes Fuel odor
MW4-S 44.88 29.80 19.0-29.0 Yes Measured on 11/25/08
MW5-I 31.65 39.42 34.0-39.0 Yes
MW7-S 28.83 - 6.2-16.2 No
MW8-S 31.47 18.34 7.5-17.5 Yes
MW9-S 29.24 16.76 6.0-16.0 Yes
MW10-R 29.85 - 8.0-18.0 No
MW11-S 27.99 8.33 6.0-16.0 Yes
MW12-S 33.47 19.85 9.2-19.2 Yes
MW13-D 45.01 76.90 71.33-76.33 Yes
MW13-S 36.24 18.85 8.3-18.3 Yes
MW14-I 32.27 - 34.0-39.0 Yes Destroyed
MW14-S 31.47 - 7.5-17.5 Yes Destroyed
MW15-S 30.62 - 7.5-17.5 No
MW16-S 31.62 18.27 7.5-17.5 Yes
MW17-S 34.28 14.40 8.9-18.9 Yes
MW18-S 32.29 19.38 9.0-19.0 Yes
MW19-S 35.87 19.24 9.0-19.0 Yes
MW20-S 36.13 19.13 9.0-19.0 Yes
MW21-S 28.83 8.30 7.5-17.5 Yes
MW22-S 33.01 20.47 9.85-19.85 Yes Under fallen tree.  Measured on 12/01/08
MW23-S 29.59 - 4.5-14.5 Yes Destroyed, pad removed and well full of debris
MW5-S 31.86 11.03 7.5-17.5 Yes
MW6-S 30.67 18.32 7.5-17.5 Yes
MW24-I 34.65 - 38.16-43.16 Yes Not accessible
MW24-S 34.72 - 13.02-23.02 Yes Not accessible
MW25-S 34.04 - 13.55-23.66 Yes Not accessible
MW26-S 31.14 - 13.49-23.49 Yes Not accessible
MW27-S 33.55 - 13.30-23.30 Yes Not accessible
MW-4 31.21 14.60 NA Yes No cap
MW-7 33.99 19.63 NA Yes Fuel odor
MW-9 30.03 16.10 NA Yes No cap
MW-11 31.1 16.09 NA Yes
MW-12 32.37 NM NA Yes
MW-16 37.43 NM NA Yes
MW-18 43.77 30.20 NA Yes No cap
MW-19 35.38 - NA No
MW-24 30.75 19.11 NA Yes No cap
MW-25 31.21 29.77 NA Yes No cap
MW-30 33.88 NM NA Yes
MW-31 32.69 22.98 NA Yes
OW-4 30.05 - NA No
MW-10 NA - NA No
B-2 NA - NA No
OW-1 NA - NA No
OW-5 NA 7.90 NA Yes
RW-1 NA NM NA Yes No cap
RW-2 NA 12.90 NA Yes No cap
msl – mean sea level
bgs – below ground surface
NA – information not available

TABLE 2-1
Monitoring Well Summary
Sherman Field Former Fuel Farm, NAS Pensacola, Florida 

Well ID
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TABLE 2-2 
Groundwater Sampling Summary 
Sherman Field Former Fuel Farm, NAS Pensacola, Florida  

Well ID 

Top of 
Casing 

Elevation 
(feet msl) 

Total 
Depth 

(feet bgs) 

Screened 
Internal 

(feet bgs) Groundwater Sample Analyses 
MW1-S 40.01 24.65 14.5-24.5 BTEX, 16 method-listed PAHs, 1-methylnaphthalene, 

2-methylnaphthalene, naphthalene, TPH, 1-2-dichloroethane 
and other Priority Pollutant Volatile Organic Halocarbons, 
Natural Attenuation Parameters 

MW2-S 43.95 29.45 18.5-28.5 BTEX, 16 method-listed PAHs, 1-methylnaphthalene, 
2-methylnaphthalene, naphthalene, TPH 

MW3-S 45.65 29.45 19.0-29.0 BTEX, 16 method-listed PAHs, 1-methylnaphthalene, 
2-methylnaphthalene, naphthalene, TPH, Natural Attenuation 
Parameters 

MW4-S 44.88 29.70 19.0-29.0 BTEX, 16 method-listed PAHs, 1-methylnaphthalene, 
2-methylnaphthalene, naphthalene, TPH, Natural Attenuation 
Parameters 

MW5-S 31.86 18.60 7.5-17.5 BTEX, 16 method-listed PAHs, 1-methylnaphthalene, 
2-methylnaphthalene, naphthalene, TPH 

MW11-S 27.99 16.50 6.0-16.0 BTEX, 16 method-listed PAHs, 1-methylnaphthalene, 
2-methylnaphthalene, naphthalene, TPH 

MW12-S 33.47 19.70 9.2-19.2 BTEX, 16 method-listed PAHs, 1-methylnaphthalene, 
2-methylnaphthalene, naphthalene, TPH 

MW16-S 31.62 18.10 7.5.17.5 BTEX, 16 method-listed PAHs, 1-methylnaphthalene, 
2-methylnaphthalene, naphthalene, TPH, lead, Natural 
Attenuation Parameters 

MW18-S 32.29 19.55 9.0-19.0 BTEX, 16 method-listed PAHs, 1-methylnaphthalene, 
2-methylnaphthalene, naphthalene, TPH 

MW21-S 28.83 18.15 7.5-17.5 BTEX, 16 method-listed PAHs, 1-methylnaphthalene, 
2-methylnaphthalene, naphthalene, TPH, Natural Attenuation 
Parameters 

MW22-S 33.01 20.35 9.85-
19.85 

BTEX, 16 method-listed PAHs, 1-methylnaphthalene, 
2-methylnaphthalene, naphthalene, TPH, lead, 
1-2-dichloroethane and other Priority Pollutant Volatile Organic 
Halocarbons 

MW24-S 34.72 23.02 13.02-
23.02 

BTEX, 16 method-listed PAHs, 1-methylnaphthalene, 
2-methylnaphthalene, naphthalene, TPH 

msl – above mean sea level 
bgs – below ground surface 
BTEX – benzene, toluene, ethylbenzene, xylenes 
PAHs – polycyclic aromatic hydrocarbons 
TPH – total petroleum hydrocarbons 
Natural Attenuation Parameters – Sulfate (SO4), Sulfide, Methane, Alkalinity, Total Organic Carbon (TOC), 
Ferrous Iron (Fe2+) 
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3.0 Results of Investigation 

The results of the 2008 assessment are provided in the following subsections: 

• Well Verification and Groundwater Elevation and LNAPL Survey: Discusses the 
results of the well survey, groundwater flow direction, and LNAPL distribution. 

• Groundwater Analytical Results (including MNA parameters): Summarizes the results 
of the groundwater sampling and MNA evaluation. Contaminant concentrations are 
compared with the FDEP GCTLs, FSWCs, and NADCs. 

• Waste Characterization, Transportation, and Disposal: Presents the results of the waste 
characterization and provides disposal information for the generated IDW. 

3.1 Well Verification and Groundwater Elevation and LNAPL 
Survey 

On November 13, 2008, a site visit was conducted to verify the location and condition of the 
monitoring wells listed in Table 2-1 and to measure and record groundwater elevations and 
LNAPL thickness, if present. A second site visit was conducted on December 16, 2008, to 
further confirm and refine the monitoring well information. The condition of the monitoring 
wells, groundwater elevation, and LNAPL thickness are presented in Table 3-1. Fifty wells 
were identified for location verification based on historical documents. Eight of the 50 wells 
were not located during the site visits and three were determined to be destroyed. Two 
additional wells, not documented in historical reports, were observed in the area around 
recovery well RW-2. These wells were gauged but LNAPL was not measured. The 
approximate locations of these wells are shown on Figure 3-1.  

Only one well contained measurable LNAPL. On November 13, 2008, LNAPL was 
measured in monitoring well MW-12 at a thickness of 0.07 foot, less than the thickness of 
1.21 feet measured in 2000. Three wells contained an LNAPL sheen: MW-16, MW-30, and 
RW-1. With the exception of RW-1, which did not have a measured thickness, LNAPL 
thicknesses in wells MW-16 (1.64 feet) and MW-30 (1.16 feet) were less than in the 2000 
gauging event. The monitoring wells with a sheen and LNAPL are presented on Figure 3-1. 

With the exception of MW-25, which has a historically lower groundwater elevation, 
groundwater elevations ranged from 19.81 feet mean sea level (msl) to 23.01 feet msl. 
Variations in the depth to groundwater are due to the mounded soil covering the tank farm. 

A potentiometric surface map was created using the November 13, 2008 gauging data and is 
presented on Figure 3-2. As illustrated, the mounded area surrounding the tanks impacts 
groundwater flow. In the immediate area outside the tanks shallow aquifer is generally to 
the south-southeast, toward the Gulf of Mexico. The direction of groundwater flow is 
consistent with previous investigations.  
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3.2 Groundwater Analytical Results  
3.2.1 Analytes 
As described in Section 2.3, the groundwater sampling event was conducted from 
November 25 to December 1, 2008. The sampling logs are included in Appendix A. Samples 
were analyzed for parameters presented in Table 2-2. 

Groundwater analytical data were reviewed and compared with the FDEP GCTLs, FSWCs, 
and NADCs. The analytical results compared with GCTLs and FSWCs are presented in 
Table 3-2 and the analytical results compared with the NADCs are presented in Table 3-3. 
Water quality sampling parameters are presented in Table 3-4. Ten compounds (TPH, 
benzene, ethylbenzene, naphthalene, toluene, total xylenes, 2-methylnaphthalene, 
benzo(a)anthracene, benzo(b)fluoranthene, and indeno(1,2,3-c,d)pyrene) exceeded the 
GCTL and 4 compounds (benzene, ethylbenzene, naphthalene, and total xylenes) exceeded 
the NADC in at least 1 groundwater sample. Eight wells (MW1-S, MW2-S, MW3-S, MW12-
S, MW16-S, MW18-S, MW22-S, and MW24-S) had an exceedance of at least 1 of these 10 
analytes. The following compounds exceeded the GCTL:  

• TPH in MW2-S, MW3-S, MW18-S, and MW24-S 
• Benzene in MW1-S, MW2-S, MW3-S, MW12-S, and MW24-S (see Figure 3-3) 
• Ethylbenzene in MW1-S, MW2-S, MW3-S, MW12-S, MW16-S, MW22-S, and MW24-S 

(see Figure 3-3) 
• Naphthalene in MW1-S and MW22-S 
• Toluene in MW16-S and MW22-S (see Figure 3-3) 
• Total xylenes in MW1-S, MW2-S, MW3-S, MW12-S, MW16-S, MW22-S, and MW24-S (see 

Figure 3-3) 
• 2-methylnapthalene in MW2-S, MW3-S, MW22-S, and MW24-S 
• Benzo(a)anthracene in MW12-S 
• Benzo(b)fluoranthene in MW12-S 
• Indeno(1,2,3-c,d)pyrene in MW12-S 

Lead was not detected in MW16-S or MW22-S and 1,2-dichloroethane was not detected in 
MW1-S or MW22-S. Low levels of 1-methylnaphthalene were detected in select wells but 
did not exceed the GCTLs, FSWCs, or NADCs. Laboratory analytical data are included in 
Appendix B. 

BTEX constituents, the most frequently detected analytes, are presented on Figure 3-3. Table 
3-5 provides a statistical summary of data, including the number of detections and the 
number of GCTL exceedances.  

3.2.2 Natural Attenuation Indicator Parameters Evaluation 
NA is a set of physical (dilution, volatilization, and adsorption), biological (aerobic and 
anaerobic biodegradation), and chemical processes that naturally act to reduce the toxicity, 
mobility, and volume/mass/concentration of contaminants. Petroleum hydrocarbons are 
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biodegraded in each of the following oxidation-reduction (redox) reactions (toluene shown 
as an example): 

• Aerobic Respiration: C7H8 + 9O2  7CO2 + 4H2

• Denitrification: C
O 

7H8 + 7.2NO3- + 7.2 H+  7CO2 + 3.6N2(gas) + 7.6H2

• Iron Reduction: C
O 

7H8 + 36Fe(OH)3 + 72H+  7CO2 + 36Fe2+ + 94H2

• SO
O 

4 Reduction: C7H8 + 4.5SO42- + 9H+  7CO2 + 4.5H2S + 4H2

• Methanogenesis: C
O 

7H8 + 5H2O  2.5CO2 + 4.5CH

For petroleum hydrocarbons, the contaminant is used as the primary growth substrate, or 
electron donor, by the microorganism. Biodegradation will occur when a sufficient amount 
of electron acceptors and nutrients are available in groundwater. Aerobic biodegradation is 
the most rapid and preferred biodegradation pathway. However, the supply of DO is 
typically limited. Oxygen is consumed and the system transitions to an anaerobic state. 
Nitrate (NO

4 

3) is the next preferred electron acceptor, followed by ferric iron (Fe3+), SO4, 

• Loss of the electron acceptors DO (O

and 
carbon. Although sulfate reduction and methanogenesis are slower reactions, they have 
been reported as accounting for more than 70 percent of the assimilative capacity for BTEX 
degradation (Parsons, 1999); therefore, these processes can be significant. 

The key footprints of biological NA for petroleum hydrocarbons include the following: 

2), NO3, and SO
• Generation of the byproducts Fe

4 
2+

• Characteristic increase in the alkalinity 
, sulfide, and methane 

Water samples collected from five monitoring wells (MW1-S, MW3-S, MW4-S, MW16-S, and 
MW21-S) were analyzed for the following NA indicator parameters: DO, ORP, Fe2+, 
SO4

Dissolved Oxygen  

/sulfide, alkalinity, methane, and TOC. These parameters were analyzed to evaluate 
whether footprints of biological degradation of petroleum hydrocarbons were present 
beneath the site. NA indicator parameter data collected during the November/December 
2008 sampling event are provided in Tables 3-2, 3-3, and 3-4 and are discussed below. NA 
indicator parameters collected in the area of known contamination (MW1-S, MW3-S, and 
MW16-S) were compared with values from wells located upgradient (MW4-S) and side 
gradient (MW21-S) to the area of known contamination. 

Monitoring wells MW4-S and MW21-S do not constitute “background” wells, but they do 
provide a range of geochemical conditions from nearby wells that are representative of 
groundwater that contains little to no contamination. 

DO measurements were collected to evaluate the distribution of DO in groundwater relative 
to the distribution of petroleum hydrocarbons. DO is often depleted in groundwater 
contaminated with petroleum hydrocarbons as a result of biodegradation. Oxygen is 
consumed and carbon dioxide is produced during this process. DO concentrations in the 
wells located outside the hydrocarbon plume had an average concentration of 5.1 
milligrams per liter (mg/L), while the average concentration of the three wells within the 
plume was 0.95 mg/L. Average DO concentrations within the plume are an order of 
magnitude less than wells located outside the area of known contamination, suggesting that 
DO is being used through aerobic respiration.  
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Oxidation-Reduction Potential 
ORP is a measure of the relative tendency of ions in solution to transfer electrons. As 
electron acceptors are used, the redox of the groundwater decreases. ORP from monitoring 
wells located upgradient and sidegradient of the contaminant plume sampled during the 
November/December 2008 sampling event ranged from 3.2 millivolts (mV) (MW18-S) to 
107.5 mV (MW11-S). Negative ORP was measured in all wells sampled within the 
contaminant plume (MW1-S, MW2-S, MW3-S, MW12-S, MW16-S, MW22-S, and MW24-S) 
indicating the presence of contamination has created more reducing conditions.  

Nitrate Reduction 

After DO has been depleted, biodegradation of hydrocarbons may continue anaerobically 
using nitrogen as an electron acceptor (denitrification). NO3 and NO2 concentrations will be 
lower in the wells containing hydrocarbons if biodegradation is occurring. NO3 was not 
included in the sampling analysis during the November/December 2008 sampling event. 
However, historical NO3 values for the selected MNA monitoring wells ranged from non-
detect to 1,880 µg/L. NO2 concentrations in these wells ranged from non-detect to 80 µg/L. 
The maximum concentration was detected in a sample collected from MW3-S, which is 
within the petroleum hydrocarbon plume. The presence of NO2 

Iron Reduction 

is evidence that 
denitrification has occurred at the site. 

Fe2+ concentrations may also be used as an indicator of anaerobic degradation of 
hydrocarbons. During the biodegradation process, Fe3+, typically present in the aquifer as 
iron hydroxides, is used as an electron acceptor, whereby Fe3+ is reduced to Fe2+. Fe2+ ranged 
from 1.6 mg/L to more than 10 mg/L from wells in the area of known contamination. Fe2+ 
was not detected in MW4-S or MW21-S. Fe2+

Sulfate Reduction 

 is elevated in three wells, suggesting that iron 
reduction may be an important anaerobic process at the Sherman Field Former Fuel Farm. 

After the bioavailable Fe3+ has been depleted, SO4 may be used as an electron acceptor for 
anaerobic biodegradation. This process is termed SO4 reduction and results in the 
production of sulfide. Portions of a plume containing hydrocarbons undergoing anaerobic 
biodegradation may have depleted SO4 concentrations and elevated sulfide concentrations. 
SO4 was detected in all five wells sampled for MNA parameters; however, the values were 
estimated. The average SO4 concentration during the November/December 2008 sampling 
event was 2,750 µg/L for MW1-S, MW3-S, and MW16-S. SO4 concentrations for wells 
outside the area of known contamination (MW4-S and MW21-S) were 5,210 µg/L and 5,120 
µg/L, respectively. Sulfide concentrations in MW1-S, MW3-S, and MW16-S averaged 5,600 
µg/L and in MW4-S and MW21-S averaged 350 µg/L. Data suggest that SO4

Methanogenesis 

 reduction may 
be an important biological process at the Sherman Field Former Fuel Farm, since sulfide was 
present in concentrations an order of magnitude higher in monitoring wells MW1-S, 
MW3-S, and MW16-S compared with the non-impacted wells. 

Methanogenesis is a strongly anaerobic process in which carbon is used and methane is 
generated. Methane was detected in all five monitoring wells sampled during the 
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November/December 2008 sampling event, suggesting some level of biological activity is 
occurring across the site. However, the average concentration in wells located within the 
plume was greater than 5,500 µg/L, while the average concentration in non-impacted wells 
was only 3 µg/L. This is strong evidence for methanogenesis within the contaminated 
plume.  

Alkalinity 
Groundwater containing petroleum hydrocarbons that are being degraded generally exhibit 
a total alkalinity higher than background. This is because carbon dioxide (CO2) is produced 
during aerobic and anaerobic respiration processes. Both the dissolution of CO2 and the 
consumption of hydrogen increase the alkalinity of groundwater. Since hydrogen 
consumption is not part of the reactions for aerobic respiration and methanogenesis, 
changes in alkalinity are generally more pronounced during denitrification, iron reduction, 
and SO4

Summary 

 reduction. 

Alkalinity concentrations for wells (MW4-S and MW21-S) located outside the area of known 
contamination were 40 mg/L and 120 mg/L. Compared with the wells inside the area of 
known hydrocarbon contamination, it appears that alkalinity concentrations are slightly 
higher in MW1-S, MW3-S, and MW16-S (80 to 220 mg/L).  

Biodegradation appears to be an active process by which hydrocarbon compounds in 
groundwater beneath the Sherman Field Former Fuel Farm are transformed. Aerobic 
biodegradation of hydrocarbons beneath the site is evidenced by decreased levels of DO 
when compared with wells located outside the area of known contamination. Anaerobic 
processes are also occurring as evidenced by the presence of NO2 and sulfate, elevated Fe2+ 

3.2.3 Mass Budget and BTEX Depletion Analysis 

and methane, decreased concentrations of sulfate within the plume and more reduced ORP 
levels. Since pH levels are typically below 6, water quality may be a limiting factor in the 
rate of biodegradation.  

A mass budgeting analysis was performed to evaluate whether the rate at which footprint 
compounds are being generated/lost is equivalent to the rate at which the BTEX in 
groundwater is being degraded. This analysis additionally reveals which redox processes 
are important at the site and which are not. The goal of the mass budgeting analysis is to 
quantify the theoretical destruction of the BTEX present in the site groundwater. 

November and December 2008 data were used from monitoring wells located within the 
extent of the BTEX plume (MW1-S, MW2-S, MW3-S, MW12-S, MW16-S, MW22-S, and 
MW24-S). The average assimilative capacity was calculated by averaging the geochemical 
parameters for the selected monitoring wells. Denitrification was not evaluated since NO3 
data were not collected at the site. However, based on the elevated concentration of Fe2+ and 
methane concentrations, denitrification is less likely to be a dominant process in site 
groundwater. Appendix C contains the mass budgeting and assimilative capacity 
calculations. 
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The total calculated assimilative capacity ranged from 4.9 to 13 mg/L of BTEX, with an 
average of 9.1 mg/L of BTEX. These results indicate that sufficient electron acceptors are 
present in groundwater to degrade an average of 9 mg/L of BTEX across the downgradient 
dissolved plume. This is a positive indication of NA at this site, since the maximum BTEX 
concentration at the site was below this value, reported at 7.4 mg/L (MW3-S), and it 
supports the conclusion that biodegradation is responsible for the loss of BTEX at the site. 
The estimated BTEX depletion rate in the shallow groundwater zone is 1,220 grams per day 
(982 pounds per year). The most prominent biodegradation mechanism responsible for 
degradation of BTEX at the site is methanogenesis, followed by aerobic respiration, SO4

3.3 Waste Characterization, Transportation, and Disposal  

 
reduction, and iron reduction.  

Petroleum-impacted purge and decontamination water was accumulated from groundwater 
sampling activities conducted at 12 monitoring wells. The purge water that accumulated 
during the assessment was containerized in one 55-gallon drum. A waste characterization 
sample of the liquid in the drum was collected on January 27, 2009. Based on the results, the 
purge water was classified as non-hazardous waste. The waste characterization analytical 
data are included in Appendix B, and the waste disposal documentation, including the 
profile, manifest, and weight ticket, are provided in Appendix D. 

On May 14, 2009, the single 55-gallon drum of petroleum-impacted purge water was 
transported to the Macland Disposal Center in Moss Point, Mississippi.  

 



TABLE 3-1
Groundwater Gauging Data
Sherman Field Former Fuel Farm, NAS Pensacola, Florida

WELL TOC DATE DEPTH TO DEPTH TO TOTAL GW LNAPL
NUMBER ELEV LNAPL GW DEPTH ELEV THICKNESS
(LOCID) (ft.) (LOGDATE) (ft.) (ft.) (ft. btoc) (ft. msl) (ft.)

MW1-S 40.01 11/13/2008 NP 18.39 24.43 21.62 -
MW2-S 43.95 11/13/2008 NP 21.96 29.55 21.99 -
MW3-S 45.65 11/13/2008 NP 23.17 29.55 22.48 -
MW4-S 44.88 11/25/2008 NP 22.64 29.80 22.24 -
MW5-I 31.65 11/13/2008 NP 10.04 39.42 21.61 -
MW7-S 28.83 11/13/2008 - - - - -
MW8-S 31.47 11/13/2008 NP 10.47 18.34 21.00 -
MW9-S 29.24 11/13/2008 NP 6.25 16.76 22.99 -

MW10-R 29.85 11/13/2008 - - - - -
MW11-S 27.99 11/13/2008 NP 5.11 8.33 22.88 -
MW12-S 33.47 11/13/2008 NP 12.52 19.85 20.95 -
MW13-D 45.01 11/13/2008 NP 25.76 76.90 19.25 -
MW13-S 36.24 11/13/2008 NP 14.90 18.85 21.34 -
MW14-I 32.27 11/13/2008 - - - - -
MW14-S 31.47 11/13/2008 - - - - -
MW15-S 30.62 11/13/2008 - - - - -
MW16-S 31.62 11/13/2008 NP 10.85 18.27 20.77 -
MW17-S 34.28 11/13/2008 - dry 14.40 - -
MW18-S 32.29 11/13/2008 NP 11.70 19.38 20.59 -
MW19-S 35.87 11/13/2008 NP 14.90 19.24 20.97 -
MW20-S 36.13 11/13/2008 NP 15.26 19.13 20.87 -
MW21-S 28.83 11/13/2008 NP 7.24 8.30 21.59 -
MW22-S 33.01 12/1/2008 NP 13.20 20.47 19.81 -
MW23-S 29.59 11/13/2008 - - - - -
MW5-S 31.86 11/13/2008 NP 9.61 11.03 22.25 -
MW6-S 30.67 11/13/2008 NP 9.41 18.32 21.26 -
MW24-I 34.65 11/13/2008 - - - - -
MW24-S 34.72 11/13/2008 - - - - -
MW25-S 34.04 11/13/2008 - - - - -
MW26-S 31.14 11/13/2008 - - - - -
MW27-S 33.55 11/13/2008 - - - - -

MW-4 31.21 11/13/2008 NP 8.69 14.60 22.52 -
MW-7 33.99 11/13/2008 NP 11.85 19.63 22.14 -
MW-9 30.03 11/13/2008 NP 7.21 16.10 22.82 -

MW-11 31.1 11/13/2008 NP 8.31 16.09 22.79 -
MW-12 32.37 11/13/2008 10.47 10.54 NM 21.83* 0.07
MW-16 37.43 11/13/2008 Sheen 15.21 NM 22.22 -
MW-18 43.77 11/13/2008 NP 21.21 30.20 22.56 -
MW-19 35.38 11/13/2008 - - - - -
MW-24 30.75 11/13/2008 NP 7.74 19.11 23.01 -
MW-25 31.21 11/13/2008 NP 21.96 29.77 9.25 -
MW-30 33.88 11/13/2008 Sheen 11.08 NM 22.80 -
MW-31 32.69 11/13/2008 NP 11.04 22.98 21.65 -
OW-4 30.05 11/13/2008 - - - - -

MW-10 NA 11/13/2008 - - - - -
B-2 NA 11/13/2008 - - - - -

OW-1 NA 11/13/2008 - - - - -
OW-5 NA 11/13/2008 NP 6.38 7.90 - -
RW-1 NA 11/13/2008 Sheen 12.23 NM - -
RW-2 NA 11/13/2008 NP 9.65 12.90 - -

TOC - Top of Casing

GW - groundwater

LNAPL - Light Non-Aqueous Phase Liquids

NM - Not Measured

NA - Information Not Available

NM - LNAPL was not measured / detected 

ft. msl - feet mean sea level

* The corrected depth to groundwater = Depth to water - (LNAPL thickness*specific gravity of LNAPL)

P:\US Navy\CTO85_NAS Pensacola\Site Assessment Report\Tables\Table 3-1_GW-LNAPL_Gauging.xls 
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TABLE 3-2
Analytical Data Compared with GCTL and FSWC
Sherman Field Former Fuel Farm, NAS Pensacola, Florida

24-MW1-S 24-MW2-S 24-MW3-S 24-MW4-S 24-MW5-S 24-MW11-S 24-MW12-S 24-MW16-S 24-MW18-S 24-MW21-S 24-MW22-S 24-MW24-S
85-24-MW1S-112408 85-24-MW2S-112408 85-24-MW3S-112508 85-24-MW4S-112508 85-24-MW5S-120108 85-24-MW11S-120108 85-24-MW12S-112508 85-24-MW16S-112508 85-24-MW18S-120108 85-24-MW21S-112508 85-24-MW22S-120108 85-24-MW24S-120108

11/24/2008 11/24/2008 11/25/2008 11/25/2008 12/1/2008 12/1/2008 11/25/2008 11/25/2008 12/1/2008 11/25/2008 12/1/2008 12/1/2008

Parameter GCTL1 FSWC1

SW9056
Sulfate (as SO4) 250000 NA 1990 JB 130 JB 5210 JB 6130 JB 5120 JB

A5310B
Total organic carbon NA NA 20800 JB 26700 JB 5800 JB 18300 JB 150 U

FLPRO
Petroleum Hydrocarbons 5000 5000 2950 JB 5990 JB 15100 JB 110 JB 239 JB 62.7 JB 2770 JB 3870 JB 5460 JB 196 JB 256 JB 5700 JB

RSK-175
Methane NA NA 8080 5480 6.04 2970 0.758 J

SW6010B
Lead 15 NA 2.7 U 2.7 U

SW8260B
1,1,1-Trichloroethane 200 270 0.096 U 0.096 U
1,1,2,2-Tetrachloroethane 0.2 10.8 0.154 U 0.154 U
1,1,2-Trichloroethane 5 16 0.093 U 0.093 U
1,1-Dichloroethane 70** NA 0.086 U 0.086 U
1,1-Dichloroethene 7** 3.2 0.201 U 0.201 U
1,2-Dichlorobenzene 600 99 0.069 U 0.069 U
1,2-Dichloroethane 3 37 0.09 U 0.09 U
1,2-Dichloropropane 5 14 0.096 U 0.096 U
1,3-Dichlorobenzene 210 85 0.132 U 0.132 U
1,4-Dichlorobenzene 75 3 0.057 U 0.057 U
2-Chloroethyl vinyl ether NA NA 0.547 U 0.547 U
Acrolein 3.5 0.4 0.743 U 0.743 U
Acrylonitrile 0.06 0.2 0.455 U 0.455 U
Benzene 1 71.28 247 3.43 J 63.2 0.065 U 0.065 U 0.065 U 68.9 0.649 U 0.065 U 0.065 U 0.065 U 17.6
Bromodichloromethane 0.6 22 0.144 U 0.144 U
Bromoform 4.4 360 0.172 U 0.172 U
Bromomethane 9.8 35 0.271 U 0.271 U
Carbon tetrachloride 3 4.42 0.156 U 0.156 U
Chlorobenzene 100 17 0.287 U 0.287 U
Chloroethane 12 NA 0.181 U 0.181 U
Chloroform 70 470.8 0.164 U 0.164 U
Chloromethane 2.7 470.8 0.101 U 0.101 U
cis-1,2-Dichloroethene 70 NA 0.162 U 0.162 U
cis-1,3-Dichloropropene NA NA 0.116 U 0.116 U
Dibromochloromethane 0.4 34 0.098 U 0.098 U
Dichlorodifluoromethane 1400 NA 0.083 U 0.083 U
Ethylbenzene 30 610 338 1130 2620 0.065 U 0.065 U 0.065 U 242 94.8 J 0.065 U 0.065 U 227 343
Methylene chloride 5 1580 0.096 U 0.096 U
Naphthalene 14** 26 222 JB 96.5
tert-butyl methyl ether 20 34000 0.077 U 0.077 U
Tetrachloroethene (PCE) 3 8.85 0.153 U 0.153 U
Toluene 40 480 0.076 U 2.68 J 9.63 0.076 U 0.076 U 0.076 U 2.09 J 48.9 J 0.076 U 0.076 U 72 4.91 J
trans-1,2-Dichloroethene 100 11000 0.122 U 0.122 U
trans-1,3-Dichloropropene NA NA 0.062 U 0.062 U
Trichloroethene (TCE) 3 80.7 0.118 U 0.118 U
Trichlorofluoromethane 2100 NA 0.138 U 0.138 U
Vinyl chloride 1 2.4 0.155 U 0.155 U
Xylenes, total 20 370 83.5 2640 4660 0.183 U 0.183 U 0.183 U 410 1820 J 0.183 U 0.183 U 2050 1020

SW8270C SIM
1-methylnaphthalene 28 95 13 24.2 26.2 0.035 J 0.024 U 0.025 U 17.7 8.01 1.68 0.025 U 16.7 J 17.4 J
2-Methylnaphthalene 28 30 13.5 53.2 56.2 0.064 J 0.024 U 0.024 U 19 11.8 1.98 0.025 U 80.6 J 41.9

UST 24 Monitoring Well Sampling 2008

StationID
SampleID
Sample Date
Units in µg/L
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TABLE 3-2
Analytical Data Compared with GCTL and FSWC
Sherman Field Former Fuel Farm, NAS Pensacola, Florida

24-MW1-S 24-MW2-S 24-MW3-S 24-MW4-S 24-MW5-S 24-MW11-S 24-MW12-S 24-MW16-S 24-MW18-S 24-MW21-S 24-MW22-S 24-MW24-S
85-24-MW1S-112408 85-24-MW2S-112408 85-24-MW3S-112508 85-24-MW4S-112508 85-24-MW5S-120108 85-24-MW11S-120108 85-24-MW12S-112508 85-24-MW16S-112508 85-24-MW18S-120108 85-24-MW21S-112508 85-24-MW22S-120108 85-24-MW24S-120108

11/24/2008 11/24/2008 11/25/2008 11/25/2008 12/1/2008 12/1/2008 11/25/2008 11/25/2008 12/1/2008 11/25/2008 12/1/2008 12/1/2008

Parameter GCTL1 FSWC1

UST 24 Monitoring Well Sampling 2008

StationID
SampleID
Sample Date
Units in µg/L

Acenaphthene 20 3 0.205 3.08 0.595 U 0.059 U 0.06 U 0.061 U 1.34 0.067 U 0.06 U 0.062 U 3.04 U 0.06 U
Acenaphthylene 210 ** 0.038 U 0.04 U 0.376 U 0.038 U 0.038 U 0.038 U 0.149 0.042 U 0.038 U 0.039 U 1.92 U 0.038 U
Anthracene 2100 0.3 0.059 J 0.478 0.067 J 0.027 U 0.027 U 0.027 U 0.595 0.03 U 0.027 U 0.028 U 0.027 U 0.027 U
Benzo(a)anthracene 0.05 ** 0.035 U 0.045 J 0.035 U 0.035 U 0.035 U 0.036 U 0.194 0.039 U 0.035 U 0.036 U 0.036 U 0.035 U
Benzo(a)pyrene 0.2 ** 0.022 U 0.024 U 0.022 U 0.022 U 0.023 U 0.023 U 0.174 0.025 U 0.023 U 0.023 U 0.023 U 0.023 U
Benzo(b)fluoranthene 0.05 ** 0.026 U 0.028 U 0.026 U 0.026 U 0.026 U 0.027 U 0.08 J 0.029 U 0.026 U 0.027 U 0.027 U 0.026 U
Benzo(g,h,i)perylene 210 ** 0.014 U 0.045 J 0.014 U 0.014 U 0.014 U 0.014 U 0.07 J 0.015 U 0.014 U 0.014 U 0.014 U 0.014 U
Benzo(k)fluoranthene 0.5 ** 0.027 U 0.029 U 0.027 U 0.027 U 0.028 U 0.028 U 0.162 0.031 U 0.028 U 0.029 U 0.028 U 0.028 U
Chrysene 4.8 ** 0.024 U 0.044 J 0.024 U 0.024 U 0.024 U 0.025 U 0.184 0.027 U 0.024 U 0.025 U 0.025 U 0.024 U
Dibenz(a,h)anthracene 0.005 ** 0.014 U 0.015 U 0.014 U 0.014 U 0.015 U 0.015 U 0.014 U 0.016 U 0.015 U 0.015 U 0.015 U 0.015 U
Fluoranthene 280 0.3 0.131 0.385 0.055 J 0.036 U 0.037 U 0.037 U 1.25 0.099 J 0.037 U 0.038 U 0.037 U 0.037 U
Fluorene 280 30 1.35 1.29 0.283 U 0.028 U 0.029 U 0.029 U 2.1 0.032 U 0.029 U 0.029 U 1.44 UJ 0.029 U
Indeno(1,2,3-c,d)pyrene 0.05 ** 0.013 U 0.044 J 0.013 U 0.013 U 0.013 U 0.013 U 0.105 0.014 U 0.013 U 0.013 U 0.013 U 0.013 U
Naphthalene 14** 26 93.4 106 264 0.037 U 0.038 U 0.038 U 127 40.4 0.496 0.039 U 136 J 148 J
Phenanthrene 210 ** 0.227 2.2 0.139 0.029 U 0.029 U 0.029 U 2.13 0.033 U 0.029 U 0.03 U 0.029 U 0.029 U
Pyrene 210 0.3 0.069 J 0.216 0.026 U 0.026 U 0.026 U 0.027 U 0.643 0.029 U 0.026 U 0.027 U 0.027 U 0.026 U

Notes: 
All concentrations reported in micrograms per liter (µg/L).
GCTL - Groundwater Cleanup Target Level
FSWC - Freshwater Surface Water Criteria
1) Ch 62-777, Florida Administrative Code (F.A.C), Groundwater and Freshwater Cleanup Target Levels reported in µg/L
U - The analyte was analyzed for , but not detected.
J - Result is estimated 
B- Analyte was detected in the Laboratory Blank
UJ- Value non-detected estimated.
JB- Estimate value. The analyte was detected in the associated method and/or calibration blank.
Values Bolded are analytes not detected by the Lab but are above the GCTL
Values Shaded Pale Yellow are analytes not detected by the Lab but are above the FSWC 
Values Bolded and Shaded Pale Yellow are analytes not detected by the Lab but are above both GCTL and FSWC 
Values Bold and Pale Blue are hits exceeding the GCTL
Values Shaded Grey are hits that exceed the FSWC 
Values Bold and Shaded Grey are hits that exceed both GCTL and FSWC
NA - Not Available at time of rule adoption
UST - underground storage tank
** - As provided in Chapter 62-302, F.A.C.



TABLE 3-3
Analytical Data Compared with NADC
Sherman Field Former Fuel Farm, NAS Pensacola, Florida

StationID 24-MW1-S 24-MW2-S 24-MW3-S 24-MW4-S 24-MW5-S 24-MW11-S 24-MW12-S 24-MW16-S 24-MW18-S 24-MW21-S 24-MW22-S 24-MW24-S
SampleID 85-24-MW1S-112408 85-24-MW2S-112408 85-24-MW3S-112508 85-24-MW4S-112508 85-24-MW5S-120108 85-24-MW11S-120108 85-24-MW12S-112508 85-24-MW16S-112508 85-24-MW18S-120108 85-24-MW21S-112508 85-24-MW22S-120108 85-24-MW24S-120108

Sample Date      11/24/2008      11/24/2008      11/25/2008      11/25/2008       12/1/2008       12/1/2008      11/25/2008      11/25/2008       12/1/2008      11/25/2008       12/1/2008       12/1/2008
Units in µg/L

Parameter NADC
SW9056

Sulfate (as SO4) 2500000 1990 JB 130 JB 5210 JB 6130 JB 5120 JB

A5310B
Total organic carbon NA 20800 JB 26700 JB 5800 JB 18300 JB 150 U

FLPRO
Petroleum hydrocarbons 50000 2950 JB 5990 JB 15100 JB 110 JB 239 JB 62.7 JB 2770 JB 3870 JB 5460 JB 196 JB 256 JB 5700 JB

RSK-175
Methane NA 8080 5480 6.04 2970 0.758 J

SW6010B
Lead 150 2.7 U 2.7 U

SW8260B
1,1,1-Trichloroethane 2000 0.096 U 0.096 U

1,1,2,2-Tetrachloroethane 20 0.154 U 0.154 U

1,1,2-Trichloroethane 500 0.093 U 0.093 U

1,1-Dichloroethane 700 0.086 U 0.086 U

1,1-Dichloroethene 70 0.201 U 0.201 U

1,2-Dichlorobenzene 6000 0.069 U 0.069 U

1,2-Dichloroethane 300 0.09 U 0.09 U

1,2-Dichloropropane 500 0.096 U 0.096 U

1,3-Dichlorobenzene 2100 0.132 U 0.132 U

1,4-Dichlorobenzene 7500 0.057 U 0.057 U

2-Chloroethyl vinyl ether NA 0.547 U 0.547 U

Acrolein 35 0.743 U 0.743 U

Acrylonitrile 6 0.455 U 0.455 U

Benzene 100 247 3.43 J 63.2 0.065 U 0.065 U 0.065 U 68.9 0.649 U 0.065 U 0.065 U 0.065 U 17.6

Bromodichloromethane 60 0.144 U 0.144 U

Bromoform 440 0.172 U 0.172 U

Bromomethane 98 0.271 U 0.271 U

Carbon tetrachloride 300 0.156 U 0.156 U

Chlorobenzene 1000 0.287 U 0.287 U

Chloroethane 1200 0.181 U 0.181 U

Chloroform 700 0.164 U 0.164 U

Chloromethane 270 0.101 U 0.101 U

cis-1,2-Dichloroethene 700 0.162 U 0.162 U

cis-1,3-Dichloropropene NA 0.116 U 0.116 U

Dibromochloromethane 40 0.098 U 0.098 U

Dichlorodifluoromethane 14000 0.083 U 0.083 U

Ethylbenzene 300 338 1130 2620 0.065 U 0.065 U 0.065 U 242 94.8 J 0.065 U 0.065 U 227 343
Methylene chloride 500 0.096 U 0.096 U

Naphthalene 140 222 JB 96.5

tert-butyl methyl ether 200 0.077 U 0.077 U

Tetrachloroethene (PCE) 300 0.153 U 0.153 U

Toluene 400 0.076 U 2.68 J 9.63 0.076 U 0.076 U 0.076 U 2.09 J 48.9 J 0.076 U 0.076 U 72 4.91 J

trans-1,2-Dichloroethene 1000 0.122 U 0.122 U

trans-1,3-Dichloropropene NA 0.062 U 0.062 U

Trichloroethene (TCE) 300 0.118 U 0.118 U

Trichlorofluoromethane 21000 0.138 U 0.138 U

Vinyl chloride 100 0.155 U 0.155 U

Xylenes, total 200 83.5 2640 4660 0.183 U 0.183 U 0.183 U 410 1820 J 0.183 U 0.183 U 2050 1020
SW8270C SIM

1-methylnaphthalene 280 13 24.2 26.2 0.035 J 0.024 U 0.025 U 17.7 8.01 1.68 0.025 U 16.7 J 17.4 J

2-Methylnaphthalene 280 13.5 53.2 56.2 0.064 J 0.024 U 0.024 U 19 11.8 1.98 0.025 U 80.6 J 41.9

Acenaphthene 200 0.205 3.08 0.595 U 0.059 U 0.06 U 0.061 U 1.34 0.067 U 0.06 U 0.062 U 3.04 U 0.06 U

Acenaphthylene 2100 0.038 U 0.04 U 0.376 U 0.038 U 0.038 U 0.038 U 0.149 0.042 U 0.038 U 0.039 U 1.92 U 0.038 U

Anthracene 21000 0.059 J 0.478 0.067 J 0.027 U 0.027 U 0.027 U 0.595 0.03 U 0.027 U 0.028 U 0.027 U 0.027 U

Benzo(a)anthracene 5 0.035 U 0.045 J 0.035 U 0.035 U 0.035 U 0.036 U 0.194 0.039 U 0.035 U 0.036 U 0.036 U 0.035 U

Benzo(a)pyrene 20 0.022 U 0.024 U 0.022 U 0.022 U 0.023 U 0.023 U 0.174 0.025 U 0.023 U 0.023 U 0.023 U 0.023 U

Benzo(b)fluoranthene 5 0.026 U 0.028 U 0.026 U 0.026 U 0.026 U 0.027 U 0.08 J 0.029 U 0.026 U 0.027 U 0.027 U 0.026 U

Benzo(g,h,i)perylene 2100 0.014 U 0.045 J 0.014 U 0.014 U 0.014 U 0.014 U 0.07 J 0.015 U 0.014 U 0.014 U 0.014 U 0.014 U

Benzo(k)fluoranthene 50 0.027 U 0.029 U 0.027 U 0.027 U 0.028 U 0.028 U 0.162 0.031 U 0.028 U 0.029 U 0.028 U 0.028 U

Chrysene 480 0.024 U 0.044 J 0.024 U 0.024 U 0.024 U 0.025 U 0.184 0.027 U 0.024 U 0.025 U 0.025 U 0.024 U

Dibenz(a,h)anthracene 0.5 0.014 U 0.015 U 0.014 U 0.014 U 0.015 U 0.015 U 0.014 U 0.016 U 0.015 U 0.015 U 0.015 U 0.015 U

Fluoranthene 2800 0.131 0.385 0.055 J 0.036 U 0.037 U 0.037 U 1.25 0.099 J 0.037 U 0.038 U 0.037 U 0.037 U

Fluorene 2800 1.35 1.29 0.283 U 0.028 U 0.029 U 0.029 U 2.1 0.032 U 0.029 U 0.029 U 1.44 UJ 0.029 U

Indeno(1,2,3-c,d)pyrene 5 0.013 U 0.044 J 0.013 U 0.013 U 0.013 U 0.013 U 0.105 0.014 U 0.013 U 0.013 U 0.013 U 0.013 U

Naphthalene 140 93.4 106 264 0.037 U 0.038 U 0.038 U 127 40.4 0.496 0.039 U 136 J 148 J
Phenanthrene 2100 0.227 2.2 0.139 0.029 U 0.029 U 0.029 U 2.13 0.033 U 0.029 U 0.03 U 0.029 U 0.029 U
Pyrene 2100 0.069 J 0.216 0.026 U 0.026 U 0.026 U 0.027 U 0.643 0.029 U 0.026 U 0.027 U 0.027 U 0.026 U

Notes:
All concentrations reported in micrograms per liter (µg/L).
NADC - Natural Attenuation Default Concentration
Values Bolded are analytes not detected by the lab but are above the NADC
Bold and Shaded indicates concentration exceeds the NADC 
U - The analyte was analyzed for , but not detected.
J - estimated value
B-The analyte was detected in the associated method and/or calibration blank.
UJ - Value non-detected estimated.
JB - Estimate value..The analyte was detected in the associated method and/or calibration blank.
NA - Not Available at time of rule adoption
UST - underground storage tank

UST 24 Monitoring Well Sampling 2008
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TABLE 3-4
Groundwater Sampling Parameters
Sherman Field Former Fuel Farm, NAS Pensacola, Florida

Location Sample Date Time Water Depth pH ORP DO Temp Turbidity Specific Cond Ferrous Iron Alkalinity Sulfide Salinity Comments
(ft btoc) (mg/L) (ºC) (NTU) (mS/cm) (mg/L) (mg/L) (mg/L) (%)

85-24-MW1-S 11/24/2008 12:46 18.79 5.95 -95.4 1.8 25.82 - 0.329 >10 220 0.40 0.16
85-24-MW2-S 11/24/2008 14:13 22.4 5.98 -82.2 1.14 25.33 - 0.232 4.4 160 0.43 0.11
85-24-MW3-S 11/25/2008 8:44 23.67 5.84 -97.2 0.62 22.77 - 0.203 7 120 0.48 0.1
85-24-MW4-S 11/25/2008 10:12 22.66 5.59 93.1 4.98 24.17 - 0.073 0 40 0.05 0.03
85-24-MW5-S 12/1/2008 15:34 10.14 6.42 68.2 3.6 21.59 3.04 0.192 - - - 0.09
85-24-MW11-S 12/1/2008 15:04 5.72 5.31 107.5 1.77 21.63 22.3 0.059 - - - 0.03
85-24-MW12-S 11/25/2008 15:38 12.99 5.8 -61.6 0.95 25.31 - 0.148 - - - 0.07
85-24-MW16-S 11/25/2008 13:05 - 5.67 -101.3 0.44 23.16 - 0.156 1.6 80 0.8 0.07 Sulfide may have exceeded instrument limit 
85-24-MW18-S 12/1/2008 14:17 12.19 5.59 3.2 6.25 23.8 3.19 0.054 - - - 0.02
85-24-MW21-S 11/25/2008 14:20 7.67 6.55 34 5.2 24.09 - 0.195 0 120 0.02 0.09
85-24-MW22-S 12/1/2008 12:05 13.24 5.59 -117.6 0.21 23.68 10.1 0.093 - - - 0.04
85-24-MW24-S 12/1/2008 12:59 - 5.85 -110 0.8 22.6 6.57 0.189 - - - 0.09
Notes:
ºC - degrees Celsius

ORP - oxidation-reduction potential

ft btoc - feet below top of casing
DO - dissolved oxygen

mg/L - milligram per liter
mS/cm - milliSiemen per centimeter
NTU - Nephelometric turbidity units 



TABLE 3-5
Groundwater Statistical Data Summary
Sherman Field Former Fuel Farm, NAS Pensacola, Florida

Chem Group CAS Number ParamName
Number 
Samples

Number of 
Detects Units Min Conc Max Conc

Groundwater 
Criteria GCTL

Exceed 
Groundwater 

GCTL

Natural 
Attenuation 

Criteria NADC

Exceed Natural 
Attenuation 

NADC
Location

Max Conc
Location
Min Conc

GASES 74-82-8 METHANE 5 5 µg/L 7.58E-01 J 8.08E+03 24-MW1-S 24-MW21-S
GENCHEM SO4 SULFATE 5 5 µg/L 1.30E+02 J,B 6.13E+03 J,B 2.50E+05 0 2.50E+06 0 24-MW16-S 24-MW3-S
GENCHEM TOC TOTAL ORGANIC CARBON 5 4 µg/L 5.80E+03 J,B 2.67E+04 J,B 24-MW3-S 24-MW4-S
SEMIVOLATILES 90-12-0 1-METHYLNAPHTHALENE 12 9 µg/L 3.50E-02 J 2.62E+01 2.80E+01 0 2.80E+02 0 24-MW3-S 24-MW4-S
SEMIVOLATILES 91-57-6     2-METHYLNAPHTHALENE 12 9 µg/L 6.40E-02 J 8.06E+01 J 2.80E+01 4 2.80E+02 0 24-MW22-S 24-MW4-S
SEMIVOLATILES 83-32-9     ACENAPHTHENE 12 3 µg/L 2.05E-01 3.08E+00 2.00E+01 0 2.00E+02 0 24-MW2-S 24-MW1-S
SEMIVOLATILES 208-96-8    ACENAPHTHYLENE 12 1 µg/L 1.49E-01 1.49E-01 2.10E+02 0 2.10E+03 0 24-MW12-S 24-MW12-S
SEMIVOLATILES 120-12-7    ANTHRACENE 12 4 µg/L 5.90E-02 J 5.95E-01 2.10E+03 0 2.10E+04 0 24-MW12-S 24-MW1-S
SEMIVOLATILES 56-55-3     BENZO(A)ANTHRACENE 12 2 µg/L 4.50E-02 J 1.94E-01 5.00E-02 1 5.00E+00 0 24-MW12-S 24-MW2-S
SEMIVOLATILES 50-32-8     BENZO(A)PYRENE 12 1 µg/L 1.74E-01 1.74E-01 2.00E-01 0 2.00E+01 0 24-MW12-S 24-MW12-S
SEMIVOLATILES 205-99-2    BENZO(B)FLUORANTHENE 12 1 µg/L 8.00E-02 J 8.00E-02 J 5.00E-02 1 5.00E+00 0 24-MW12-S 24-MW12-S
SEMIVOLATILES 191-24-2    BENZO(G,H,I)PERYLENE 12 2 µg/L 4.50E-02 J 7.00E-02 J 2.10E+02 0 2.10E+03 0 24-MW12-S 24-MW2-S
SEMIVOLATILES 207-08-9    BENZO(K)FLUORANTHENE 12 1 µg/L 1.62E-01 1.62E-01 5.00E-01 0 5.00E+01 0 24-MW12-S 24-MW12-S
SEMIVOLATILES 218-01-9    CHRYSENE 12 2 µg/L 4.40E-02 J 1.84E-01 4.80E+00 0 4.80E+02 0 24-MW12-S 24-MW2-S
SEMIVOLATILES 206-44-0    FLUORANTHENE 12 5 µg/L 5.50E-02 J 1.25E+00 2.80E+02 0 2.80E+03 0 24-MW12-S 24-MW3-S
SEMIVOLATILES 86-73-7     FLUORENE 12 3 µg/L 1.29E+00 2.10E+00 2.80E+02 0 2.80E+03 0 24-MW12-S 24-MW2-S
SEMIVOLATILES 193-39-5    INDENO(1,2,3-CD)PYRENE 12 2 µg/L 4.40E-02 J 1.05E-01 5.00E-02 1 5.00E+00 0 24-MW12-S 24-MW2-S
SEMIVOLATILES 91-20-3 NAPHTHALENE 12 8 µg/L 4.96E-01 2.64E+02 1.40E+01 7 1.40E+02 3 24-MW3-S 24-MW18-S
SEMIVOLATILES 85-01-8     PHENANTHRENE 12 4 µg/L 1.39E-01 2.20E+00 2.10E+02 0 2.10E+03 0 24-MW2-S 24-MW3-S
SEMIVOLATILES 129-00-0    PYRENE 12 3 µg/L 6.90E-02 J 6.43E-01 2.10E+02 0 2.10E+03 0 24-MW12-S 24-MW1-S
TPH TPH TOTAL PETROLEUM HYDROCARBONS (TPH) 12 12 µg/L 6.27E+01 J,B 1.51E+04 J,B 5.00E+03 4 5.00E+04 0 24-MW3-S 24-MW11-S
VOLATILES 71-43-2     BENZENE 12 5 µg/L 3.43E+00 J 2.47E+02 1.00E+00 5 1.00E+02 1 24-MW1-S 24-MW2-S
VOLATILES 100-41-4    ETHYLBENZENE 12 7 µg/L 9.48E+01 J 2.62E+03 3.00E+01 7 3.00E+02 4 24-MW3-S 24-MW16-S
VOLATILES 108-88-3    TOLUENE 12 6 µg/L 2.09E+00 J 7.20E+01 4.00E+01 2 4.00E+02 0 24-MW22-S 24-MW12-S
VOLATILES 1330-20-7   XYLENES (TOTAL) 12 7 µg/L 8.35E+01 4.66E+03 2.00E+01 7 2.00E+02 6 24-MW3-S 24-MW1-S
µg/L - microgram per liter
GCTL - Groundwater Cleanup Target Level
NADC - Natural Attenuation Default Concentration
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FIGURE 3-1
Measured LNAPL Thickness - November/December 2008
Sherman Field Former Fuel Farm, Naval Air Station Pensacola
Pensacola, Florida
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Note: All groundwater monitoring well station identifications have a prefix of "NASPFF"
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FIGURE 3-2
Potentiometric Surface Map - November/December 2008
Sherman Field Former Fuel Farm, Naval Air Station Pensacola
Pensacola, Florida
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FIGURE 3-3
BTEX Concentration Map
Sherman Field Former Fuel Farm, Naval Air Station Pensacola
Pensacola, Florida
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Florida Dept of Environmental Protection Concentration

Exceedance Thresholds

GCTL (µg/L) NADC (µg/L) FSWC (µg/L)

Benzene 1 100 71.28

Ethylbenzene 30 300 610

Toluene 40 400 480

Xylenes, total 20 200 370

Notes: 

All concentrations reported in micrograms per liter (ug/L).

GCTL - Groundwater Cleanup Target Level

NADC - Natural Attenuation Default Concentration

FSWC - Freshwater Surface Water Criteria

U - The analyte was analyzed for, but not detected.

J - Result is estimated 

Values shaded Blue are concentrations that exceed the GCTL

Values shaded Grey are concentrations that exceed the GCTL

     and NADC

Values shaded Green are concentrations that exceed the

     GCTL, NADC, and FSWC
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4.0 Summary and Recommendations 

4.1 Summary of Field Work 
• Monitoring well location verification was conducted on November 13 and December 16, 

2008. Of the 50 historically documented wells, 8 were not located and 3 were determined 
to be destroyed. 

• Groundwater level and LNAPL gauging was conducted on November 13, 2008. One 
well, MW-12, contained measurable LNAPL (0.07 foot). Three additional wells contained 
an LNAPL sheen. 

• Groundwater samples were collected from 12 monitoring wells. Samples were collected 
from November 25 to December 1, 2008, and analyzed for BTEX, select PAHs, TPH, lead, 
and select volatile organic halocarbons. 

• Ten compounds (TPH, benzene, ethylbenzene, naphthalene, toluene, total xylenes, 
2-methylnaphthalene, benzo(a)anthracene, benzo(b)fluoranthene, and indeno(1,2,3-
c,d)pyrene) exceeded GCTLs in at least 1 groundwater sample. 

• Eleven compounds (TPH, benzene, ethylbenzene, naphthalene, toluene, total xylenes, 
2-methylnaphthalene, acenaphthalene, anthracene, fluoranthene, and pyrene) exceeded 
FSWC in at least 1 groundwater sample. Because the Sherman Field Fuel Farm is 
approximately 3,100 feet upgradient of the Gulf of Mexico, the likelihood of contaminant 
migration impacting the gulf sediments or surface water is remote. 

• Four compounds (benzene, ethylbenzene, naphthalene, and total xylenes) exceeded the 
NADC in at least one groundwater sample. NADCs are default source concentrations 
that may be used for a technical evaluation of the appropriateness of NA. Even though 
concentrations exceed NADCs, an MNA approach to address dissolved contamination 
may be a viable approach through demonstration of plume stability through 
monitoring, NA through monitoring, contaminant fate transport modeling, and mass 
budgeting analysis using assimilative capacity calculations. 

• The results from the mass budget and BTEX depletion analysis and the NA indicator 
parameters evaluation support the conclusion that the contaminant plume is naturally 
attenuating and biodegradation is responsible for the loss of BTEX at the site. The most 
prominent biodegradation mechanism responsible for degradation of BTEX at the site is 
methanogenesis, followed by aerobic respiration, SO4

4.2 Recommendations 

 reduction, and iron reduction. 

A complete round of groundwater monitoring is recommended to evaluate the extent of 
dissolved contamination prior to preparing a RAP Addendum. The recommended remedy 
includes MNA and land use controls (LUCs). Because groundwater contaminants exceed 
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NADCs, fate and transport modeling assimilative capacity calculations will be needed to 
demonstrate plume stability and capacity of the aquifer to naturally degrade the petroleum 
contaminants. In addition, based on the November and December assessment activities, 
LNAPL is present in only one well at a thickness less than 0.1 foot (i.e., MW-12 at 0.07 foot), 
which does not warrant design and construction of a project recovery system. The extent 
(e.g., number of wells) and magnitude of LNAPL thickness (e.g., MW-12 at 0.07 foot in 2008 
and 1.21 feet in 2000) is less than that reported during the TtNUS SA completed in 2000 and 
2001. 

The Navy does not recommend implementing the remedial action activities outlined in the 
2002 RAP (TtNUs, 2002a). Instead, the Navy recommends completing a RAP Addendum 
with MNA and LUCs selected as the remedial action alternative for the Sherman Field 
Former Fuel Farm, NAS Pensacola, Pensacola, Florida.  
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Appendix A 
Sampling Logs 





















Site SampleID Location SampleType SampleDate SampleTime Time TotalDepth GWDepth WellEvacMethoSampleMethodEquipmentType Volume PurgeVol PumpRate WaterDepth Turbidity Temperature pH SpecificCond DO Salinity ORP Comments nnerCasingEle GW_Elev

Site 24 85-24-11S-120108 85-24-MW-11S GW 12/1/2008 15:04 15:04 8.33 5.7 Geopump Geopump Tubing 2.5 2.5 0.25 5.72 22.3 21.63 5.31 0.059 1.77 0.03 107.5

Site 24 85-24-11S-120108 85-24-MW-11S GW 12/1/2008 15:04 15:02 8.33 5.7 Geopump Geopump Tubing 2.5 2 0.25 5.72 23.1 21.63 5.31 0.06 1.66 0.03 106

Site 24 85-24-11S-120108 85-24-MW-11S GW 12/1/2008 15:04 15:00 8.33 5.7 Geopump Geopump Tubing 2.5 1.5 0.25 5.72 23.4 21.63 5.32 0.06 1.61 0.03 100.1

Site 24 85-24-11S-120108 85-24-MW-11S GW 12/1/2008 15:04 14:58 8.33 5.7 Geopump Geopump Tubing 2.5 1 0.25 5.72 23.7 21.68 5.31 0.06 1.41 0.03 91.8

Site 24 85-24-11S-120108 85-24-MW-11S GW 12/1/2008 15:04 14:56 8.33 5.7 Geopump Geopump Tubing 2.5 0.5 0.25 5.72 25.7 21.81 5.29 0.059 1.12 0.03 87.7

Site 24 85-24-11S-120108 85-24-MW-11S GW 12/1/2008 15:04 14:54 8.33 5.7 Geopump Geopump Tubing 2.5 0 0.25 5.7 28.5 21.96 5.29 0.058 1.52 0.03 100

Site 24 85-24-MW118S-120108 85-24-MW-18S GW 12/1/2008 14:25 13:57 19.38 12.15 Geopump Geopump Tubing 5 0 0.25 12.15 280 23.73 5.89 0.059 6.54 0.03 7.1

Site 24 85-24-MW118S-120108 85-24-MW-18S GW 12/1/2008 14:25 14:02 19.38 12.15 Geopump Geopump Tubing 5 1.25 0.25 12.18 10 23.8 5.62 0.055 6.12 0.02 30.4

Site 24 85-24-MW118S-120108 85-24-MW-18S GW 12/1/2008 14:25 14:17 19.38 12.15 Geopump Geopump Tubing 5 5 0.25 12.19 3.19 23.8 5.59 0.054 6.25 0.02 3.2

Site 24 85-24-MW118S-120108 85-24-MW-18S GW 12/1/2008 14:25 14:12 19.38 12.15 Geopump Geopump Tubing 5 3.75 0.25 12.19 3.59 23.87 5.61 0.055 6.35 0.02 10.4

Site 24 85-24-MW118S-120108 85-24-MW-18S GW 12/1/2008 14:25 14:07 19.38 12.15 Geopump Geopump Tubing 5 2.5 0.25 12.19 4.48 23.84 5.59 0.055 6.09 0.02 17.7

Site 24 85-24-MW12S-112508 85-24-MW-12S GW 11/25/2008 15:45 15:34 19.87 12.94 Geopump Geopump Tubing 3 2 0.25 12.98 25.32 5.81 0.145 0.83 0.07 -58.2

Site 24 85-24-MW12S-112508 85-24-MW-12S GW 11/25/2008 15:45 15:30 19.87 12.94 Geopump Geopump Tubing 3 1 0.25 12.98 25.27 5.82 0.144 0.78 0.07 -51.2

Site 24 85-24-MW12S-112508 85-24-MW-12S GW 11/25/2008 15:45 15:38 19.87 12.94 Geopump Geopump Tubing 3 3 0.25 12.99 25.31 5.8 0.148 0.95 0.07 -61.6

Site 24 85-24-MW12S-112508 85-24-MW-12S GW 11/25/2008 15:45 15:26 19.87 12.94 Geopump Geopump Tubing 3 0 0.25 12.94 24.68 5.85 0.241 1.76 0.11 -38.9

Forgot to 
bring a 
turbidimeter.

Site 24 85-24-MW16S-112508 85-24-MW-16S GW 11/25/2008 13:10 13:05 18.26 11.25 Geopump Geopump Tubing 3.75 3.75 0.25 23.16 5.67 0.156 0.44 0.07 -101.3

Site 24 85-24-MW16S-112508 85-24-MW-16S GW 11/25/2008 13:10 12:50 18.26 11.25 Geopump Geopump Tubing 3.75 0 0.25 22.43 5.62 0.154 2.57 0.07 -41.7

forgot to 
bring 
turbidimeter

Site 24 85-24-MW16S-112508 85-24-MW-16S GW 11/25/2008 13:10 12:55 18.26 11.25 Geopump Geopump Tubing 3.75 1.25 0.25 23.14 5.63 0.149 0.56 0.07 -80.5

Site 24 85-24-MW16S-112508 85-24-MW-16S GW 11/25/2008 13:10 13:00 18.26 11.25 Geopump Geopump Tubing 3.75 2.5 0.25 23.12 5.65 0.151 0.44 0.07 -95.2

Site 24 85-24-MW1S-112408 85-24-MW-01S GW 11/24/2008 13:00 12:46 24.7 18.74 Geopump Geopump Tubing 3 3 0.25 18.79 25.82 5.95 0.329 1.8 0.16 -95.4

Site 24 85-24-MW1S-112408 85-24-MW-01S GW 11/24/2008 13:00 12:38 24.7 18.74 Geopump Geopump Tubing 3 1 0.25 18.79 25.7 5.96 0.347 1.58 0.16 -99.4

Site 24 85-24-MW1S-112408 85-24-MW-01S GW 11/24/2008 13:00 12:42 24.7 18.74 Geopump Geopump Tubing 3 2 0.25 18.79 25.85 5.96 0.331 1.64 0.16 -88.5

Site 24 85-24-MW1S-112408 85-24-MW-01S GW 11/24/2008 13:00 12:34 24.7 18.74 Geopump Geopump Tubing 3 0 0.25 18.74 25.47 5.96 0.388 2.7 0.18 -74.5

forgot to 
bring turbidity 
meter

Site 24 85-24-MW21S-112508 85-24-MW-21S GW 11/25/2008 14:35 14:17 9 7.65 Geopump Geopump Tubing 1 0.25 0.25 7.67 24.17 6.51 0.185 5.32 0.09 19.3

Site 24 85-24-MW21S-112508 85-24-MW-21S GW 11/25/2008 14:35 14:18 9 7.65 Geopump Geopump Tubing 1 0.25 0.5 7.67 24.14 6.52 0.189 5.29 0.09 24.6

Site 24 85-24-MW21S-112508 85-24-MW-21S GW 11/25/2008 14:35 14:19 9 7.65 Geopump Geopump Tubing 1 0.25 0.75 7.67 24.09 6.55 0.193 5.21 0.09 29.6

Site 24 85-24-MW21S-112508 85-24-MW-21S GW 11/25/2008 14:35 14:20 9 7.65 Geopump Geopump Tubing 1 0.25 1 7.67 24.09 6.55 0.195 5.2 0.09 34

Site 24 85-24-MW21S-112508 85-24-MW-21S GW 11/25/2008 14:35 14:16 9 7.65 Geopump Geopump Tubing 1 0 0.25 7.65 24.15 6.5 0.184 5.36 0.09 15.1

Site 24 85-24-MW22S-120108 85-24-MW-22S GW 12/1/2008 12:20 11:50 20.47 13.2 Geopump Geopump Tubing 3.75 0 0.25 13.2 18.4 27.08 5.78 0.085 1.48 0.03 -65.6

Site 24 85-24-MW22S-120108 85-24-MW-22S GW 12/1/2008 12:20 11:55 20.47 13.2 Geopump Geopump Tubing 3.75 1.25 0.25 13.24 10.3 23.67 5.56 0.086 0.32 0.04 -101.1

Site 24 85-24-MW22S-120108 85-24-MW-22S GW 12/1/2008 12:20 12:00 20.47 13.2 Geopump Geopump Tubing 3.75 2.5 0.25 13.24 10.2 23.66 5.57 0.088 0.26 0.04 -108.9

Site 24 85-24-MW22S-120108 85-24-MW-22S GW 12/1/2008 12:20 12:05 20.47 13.2 Geopump Geopump Tubing 3.75 3.75 0.25 13.24 10.1 23.68 5.59 0.093 0.21 0.04 -117.6

Site 24 85-24-MW24S-120108 85-24-MW-24S GW 12/1/2008 13:00 12:55 Geopump Geopump Tubing 1.5 0.5 0.25 8.73 22.45 5.85 0.192 0.71 0.09 -99.8

Site 24 85-24-MW24S-120108 85-24-MW-24S GW 12/1/2008 13:00 12:58 Geopump Geopump Tubing 1.5 1.25 0.25 6.8 22.58 5.85 0.19 0.77 0.09 -108.2

Site 24 85-24-MW24S-120108 85-24-MW-24S GW 12/1/2008 13:00 12:59 Geopump Geopump Tubing 1.5 1.5 0.25 6.57 22.6 5.85 0.189 0.8 0.09 -110

Site 24 85-24-MW24S-120108 85-24-MW-24S GW 12/1/2008 13:00 12:54 Geopump Geopump Tubing 1.5 0.25 0.25 15.2 22.14 5.86 0.194 0.87 0.09 -91

Site 24 85-24-MW24S-120108 85-24-MW-24S GW 12/1/2008 13:00 12:53 Geopump Geopump Tubing 1.5 0 0.25 44.6 20.7 5.87 0.2 2.02 0.09 -71.2

Site 24 85-24-MW24S-120108 85-24-MW-24S GW 12/1/2008 13:00 12:57 Geopump Geopump Tubing 1.5 1 0.25 7.31 22.55 5.85 0.191 0.73 0.09 -105.3

Site 24 85-24-MW2S-112408 85-24-MW-02S GW 11/24/2008 14:20 13:58 29.46 22.34 Geopump Geopump Tubing 3.75 0 0.25 22.34 25.3 6.17 0.45 2.34 0.21 -55.9

Forgot to 
bring 
turbidimiter.

Site 24 85-24-MW2S-112408 85-24-MW-02S GW 11/24/2008 14:20 14:03 29.46 22.34 Geopump Geopump Tubing 3.75 1.25 0.25 22.4 25.22 6.04 0.291 1.3 0.14 -72.1

Site 24 85-24-MW2S-112408 85-24-MW-02S GW 11/24/2008 14:20 14:08 29.46 22.34 Geopump Geopump Tubing 3.75 2.5 0.25 22.4 25.19 6 0.252 1.15 0.12 -82.4

Site 24 85-24-MW2S-112408 85-24-MW-02S GW 11/24/2008 14:20 14:13 29.46 22.34 Geopump Geopump Tubing 3.75 3.75 0.25 22.4 25.33 5.98 0.232 1.14 0.11 -82.2

Site 24 85-24-MW3S-112508 85-24-MW-03S GW 11/25/2008 8:50 8:44 29.55 23.65 Geopump Geopump Tubing 2.25 2.25 0.25 23.67 22.77 5.84 0.203 0.62 0.1 -97.2

Site 24 85-24-MW3S-112508 85-24-MW-03S GW 11/25/2008 8:50 8:35 29.55 23.65 Geopump Geopump Tubing 2.25 0 0.25 23.65 21.65 5.88 0.254 1.28 0.12 -59.6

forgot to 
bring 
turbidimeter

Site 24 85-24-MW3S-112508 85-24-MW-03S GW 11/25/2008 8:50 8:41 29.55 23.65 Geopump Geopump Tubing 2.25 1.5 0.25 23.67 27.69 5.85 0.213 0.66 0.1 -94.7

Site 24 85-24-MW3S-112508 85-24-MW-03S GW 11/25/2008 8:50 8:38 29.55 23.65 Geopump Geopump Tubing 2.25 0.75 0.25 23.67 22.58 5.85 0.215 0.77 0.1 -85.7

Site 24 85-24-MW4S-112508 85-24-MW-04S GW 11/25/2008 10:20 9:52 29.8 22.64 Geopump Geopump Tubing 5 0 0.25 22.64 23.05 5.87 0.106 5.55 0.05 79.8
fogot to bring 
turbidimeter

Site 24 85-24-MW4S-112508 85-24-MW-04S GW 11/25/2008 10:20 9:57 29.8 22.64 Geopump Geopump Tubing 5 1.25 0.25 22.66 24.07 5.69 0.08 5.63 0.04 136.5

Site 24 85-24-MW4S-112508 85-24-MW-04S GW 11/25/2008 10:20 10:02 29.8 22.64 Geopump Geopump Tubing 5 2.5 0.25 22.66 24.11 5.64 0.075 5.48 0.03 135

Site 24 85-24-MW4S-112508 85-24-MW-04S GW 11/25/2008 10:20 10:07 29.8 22.64 Geopump Geopump Tubing 5 3.75 0.25 22.66 24.16 5.6 0.074 5.19 0.03 120.6

Site 24 85-24-MW4S-112508 85-24-MW-04S GW 11/25/2008 10:20 10:12 29.8 22.64 Geopump Geopump Tubing 5 5 0.25 22.66 24.17 5.59 0.073 4.98 0.03 93.1

Site 24 85-24-MW5S-120108 85-24-MW-05S GW 12/1/2008 15:40 15:31 11.03 10.11 Geopump Geopump Tubing 1.25 0.25 0.25 10.14 5.34 21.34 6.48 0.217 2.51 0.1 62.4

Site 24 85-24-MW5S-120108 85-24-MW-05S GW 12/1/2008 15:40 15:34 11.03 10.11 Geopump Geopump Tubing 1.25 1 0.25 10.14 3.04 21.59 6.42 0.192 3.6 0.09 68.2

Site 24 85-24-MW5S-120108 85-24-MW-05S GW 12/1/2008 15:40 15:32 11.03 10.11 Geopump Geopump Tubing 1.25 0.5 0.25 10.14 63.1 21.38 6.46 0.205 2.92 0.1 63.8

Site 24 85-24-MW5S-120108 85-24-MW-05S GW 12/1/2008 15:40 15:33 11.03 10.11 Geopump Geopump Tubing 1.25 0.75 0.25 10.14 14.1 21.49 6.45 0.201 3.2 0.09

Site 24 85-24-MW5S-120108 85-24-MW-05S GW 12/1/2008 15:40 15:30 11.03 10.11 Geopump Geopump Tubing 1.25 0 0.25 10.11 16.9 21.22 6.5 0.236 2.04 0.11 61.6



 

Appendix B 
Laboratory Analytical Data 























































































































































































































































 

Appendix C 
Mass Budget Analysis 

 



 Monitoring 
Well   Date  

 DO 
(mg/L)  

 NO3-N 
(mg/L)  

 SO4
(mg/L)  Iron (mg/L)

ORP 
(mv)  

Interpreted Terminal 
Electron Acceptor  

Electron 
Acceptors

Avg Upgradient 
Concentrations 
in MWs 17, 25, 
26, 28

Avg In-Plume 
Concentrations 
in MWs 9,11,19, 
24 

Utilized 
Electron 
Acceptors

Daily Flow 
Influx 

Mass Electron 
Acceptor 
Utilized 

Mass HC 
Degraded*

MW-01 12/1/2008 5.29 0.1 U 0.51 29 J -97 Units mg/L mg/L mg/L Liters/day kg/day kg/day
MW-02 12/2/2008 2.82 -168
MW-06 12/2/2008 0.45 1 Oxygen 6.2 2.7 3.5 14858 0.052 0.017
MW-07 12/2/2008 0.61 -74 Nitrate 4.7 0.1 4.6 14858 0.068 0.014
MW-09 12/2/2008 2.35 0.062 J 4.4 500 -151 Sulfate 567 209 358 14858 5.319 1.170
MW-11 12/3/2008 2.49 0.1 J 140 100 U -160
MW-13 12/3/2008 0.47 49 TOTAL 1.2

MW-14 12/3/2008 2.32 -76
MW-20 12/4/2008 6.51 -137 2.64 pounds HC degraded per day
MW-23 12/5/2008 4.79 166 or 964 lbs degraded per year
MW-24 12/4/2008 2.07 0.1 U 690 52 J -173

MW-29 12/2/2008 2.54 202 Width (ft)
Sat Interval 
(ft) Porosity

Velocity 
ft/day

Daily Flow 
ft3/d

Avg 2.7 0.1 209 -52 Estimated Flow Through Aquife 500 10 0.35 0.3 525
14858 liters/day

MW-03 12/2/2008 6.24 83
MW-04 12/2/2008 6.48 173 *Based on  2008 monitoring data where electron acceptors were analyzed  
MW-05 12/2/2008 2.44 71
MW-12 12/3/2008 6.94 76 For oxygen 0.32 mg of hydrocarbons are degraded for every 1 mg of Oxygen used
MW-15 12/2/2008 2.69 -86 For nitrate, 0.20 mg of hydrocarbons are degraded for every 1 mg of nitrate used
MW-16 12/2/2008 8.13 78 For sulfate, 0.22 mg of hydrocarbons are degraded for every 1 mg of sulfate used
MW-17 12/3/2008 4.57 2.4 610 100 U 85

MW-17 (Dup) 12/3/2008 4.57 2.4 690 100 U 85
MW-18 12/4/2008 8.29 219
MW-21 12/4/2008 9.1 96
MW-27 12/4/2008 6.21 226
MW-28 12/4/2008 8.22 9.2 400 100 U 173
MW-32 12/4/2008 7.13 206

Avg 6.2 4.7 567 114

Notes:
μg/L: micrograms per liter  S04: sulfate  
DO: dissolved oxygen  ORP: oxidation-reduction potential  
mg/L: milligrams per liter  mv: millivolts  
NO3-N: nitrate as nitrogen  U: not detected at a concentration greater than the posted reporting limit
Blank Cells: measurement no NA: not available  

Plume Core Wells

Exterior/Upgradient Wells
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Mass Budgeting and Depletion Analysis - November/December 2008
Sherman Field Former Fuel Farm, NAS Pensacola, Florida

Goal:  To show reaction footprints for petroleum hydrocarbons as evidence of natural attenuation (NA) processes at the former Fuel Farm site. 

This method of NA study is derived from Natural Attenuation for Groundwater Remediation, March 1, 2000, National Research Council

Assumptions:Toluene (C7H8) is used to represent BTEX for stoichiometic relationships  
Laboratory data that indicated a non-detection was assumed to be half of the detection limit during calculations.
Parameters from 24-MW4S were used as background values. 
Geochemical data from monitoring wells with BTEX exceedances during the November/December 2008 sampling event were evaluated.
If values for downgradient NA parameters were the opposite of the theoretically expected value (i.e., downgradient sulfate higher than the background), then they were assumed to be the same as the background value.

Field Measurements
Monitoring DO Nitrate Ferrous Iron Sulfate Methane Alkalinity BTEX   ORP

Well Date Location pH (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mV)
24-MW4S 11/25/08 Upgradient/No Detections 5.59 4.98 NM 0 1.70 JB 0.006 40 0.0004 U 93.1
24-MW3S 11/25/08 Center of Former Tank Farm 5.84 0.62 NM 7 0.04 JB 5.48 120 7.353 -97.2
24-MW1S 11/24/08 Directly Downgradient - Tank Farm 5.95 1.80 NM 10 U 0.66 JB 8.08 220 0.669 -95.4
24-MW2S 11/24/08 Former Tank Farm 5.98 1.14 NM 4.4 NM NM 160 3.776 -82.2
24-MW16S 11/25/08 Downgradient 5.67 0.44 NM 1.6 2.04 JB 2.97 80 1.964 -101.3
24-MW12S 11/25/08 Downgradient 5.80 0.95 NM NM NM NM NM 0.723 -61.6
24-MW22S 12/1/08 Downgradient 5.59 0.21 NM NM NM NM NM 2.349 -117.6
24-MW24S 12/1/08 Downgradient 5.85 0.80 NM NM NM NM NM 1.386 -110

Best NA values Downgradient and Source 5.98 0.21 - 7 0.04 8.08 220 0.67 -117.6
Average NA values Downgradient and Source 5.81 0.85 - 4.50 0.92 6 145 2.60 -95.0
Least NA values Downgradient and Source 5.59 1.80 - 1.6 2.04 2.97 80 7.35 -61.6

Notes:
1. Nitrate was not measured.
2. Sulfate was reported as Sulfate as Sulfate (SO4). The data was converted to values of Sulfate as Sulfur (S) in order to be consistent with the stoichiometric relationships below. 
DO: dissolved oxygen  J: estimated value
mg/L: milligrams per liter  U: not detected at a concentration greater than the posted reporting limit
ORP: oxidation-reduction potential  NA: natural attenuation
mv: millivolts  NM: not measured

Assimilative Capacity Calculations:
Geochemical Change Calculations

Constituent No Exceedances Impacted Wells Change Indication of Downgradient Change Downgradient Change
24-MW4S Average Average NA Process Best NA on Best values Least NA on Best values

O2 mg/L 4.98 0.85 -4.13 Yes O2 0.21 -4.77 1.80 -3.18

NO3 mg/L NM NM 0 NM NO3 NM 0 NM 0

Fe2+ mg/L 0 4.50 4.50 Yes Fe2+ 7.00 7.00 1.60 1.60
SO4 mg/L 1.70 0.92 -0.78 Yes SO4 0.04 -1.66 2.04 0

Methane (CH4) mg/L 0.01 5.51 5.50 Yes CH4 8.08 8.07 2.97 2.96

Alkalinity (CaCO3) mg/L 40 145 105 Yes Alkalinity (CaCO3) 220 180 80 40

pH (CO2) mg/L 5.59 5.81 0.22 Yes pH (CO2) 5.98 0.39 5.59 0
Total CO2 (C) * mg/L NM NM 0 NM Total CO2 (C) * NM 0 NM 0

* CO2 was not measured during laboratory testing. It was left in the worksheet to keep the procedure consistent with the protocol (NRC, 2000)
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Mass Budgeting and Depletion Analysis - November/December 2008
Sherman Field Former Fuel Farm, NAS Pensacola, Florida

Reaction Table (Data from Natural Attenuation for Groundwater Remediation,  March 1, 2000, National Research Council, Page 158, Box 4-5)

Stoichiometric Mass Ratios
g alkalinity as

Reaction g C7H8/g acceptor g CO2-C/g acceptor CaCO3/g acceptor

Aerobic (O2) 0.319g C7H8/g O2  -0.29 gC/g O2 0g as CaCO3/g O2

Denitrification (NO3
-1 as N) 0.917g C7H8/g N  -0.83 gC/g N  -3.57g as CaCO3/g N

Iron Reduction (Fe2+ generated)  -0.046g C7H8/g Fe2+ 0.042 gC/g Fe2+ 1.79g as CaCO3/g Fe2+

Sulfate reduction (SO4
2-

 as S) 0.637g C7H8/g S  -0.53 gC/g S  -3.13g as CaCO3/g S

Methananogenesis (CH4 generated)  -1.28g C7H8/g CH4 0.42 gC/g CH4 0g as CaCO3/g CH4

The ratio in the Reaction Table are multiplied by the observed changes in electron acceptors to predict changes in BTEX, CO2 and alkalinity

For Average NA Values 
Computed changes in BTEX (as C7H8), Inorganic Carbon (as C) and Alkalinity (as CaCO3) 

Observed Change Computed Changes
in Acceptor or Product

Concentration Total CO2 Alkalinity BTEX

Reaction (mg/L) (mg C/ L) (mg as CaCO3 / L) (mg C7H8 / L)

Aerobic Respiration (O2) -4.13 1.20 0 1.32

Denitrification (NO3
-1 as N) 0.00 0 0 0

Iron Reduction (Fe2+ generated) 4.50 0.19 8.06 0.21
Sulfate Reduction (SO4

2-
 as S) -0.78 0.41 2.45 0.50

Methanogenesis (CH4 generated) 5.50 2.31 0 7.05

Total 4.11 10.5 9.1

For Best NA Values For Least NA Values 
Computed changes in BTEX (as C7H8), Inorganic Carbon (as C) and Alkalinity (as CaCO3) Computed changes in BTEX (as C7H8), Inorganic Carbon (as C) and Alkalinity (as CaCO3) 

Observed Change Computed Changes
in Acceptor or Product

Concentration Total CO2 Alkalinity BTEX BTEX

Reaction (mg/L) (mg C/ L) (mg as CaCO3 / L) (mg C7H8 / L) Reaction (mg C7H8 / L)

Aerobic (O2) -4.77 1.38 0 1.52 Aerobic (O2) 1.01

Denitrification (NO3
-1 as N) 0.00 0 0 0 Denitrification (NO3

-1 as N) 0

Iron Reduction (Fe2+ generated) 7.00 0.29 12.5 0.32 Iron Reduction (Fe2+ generated) 0.07
Sulfate reduction (SO4

2-
 as S) -1.66 0.88 5.2 1.05 Sulfate reduction (SO4

2-
 as S) 0

Methananogenesis (CH4 generated) 8.07 3.39 0 10.33 Methananogenesis (CH4 generated) 3.79

Total 5.9 17.7 13.2 Total 4.9

01.24

2.2 2.9

Alkalinity

(mg as CaCO3 / L)

0

0

2.86
00.00

2.96

Computed Changes

Total CO2

(mg C/ L)

0.92

0

0.07
0

(mg/L)

-3.18

0.00

1.60

The computed alkalinity value is much smaller than the measured value shown in the field measurements table. This suggests that 
additional degradation is occurring than shown in the above calculations. This would be via a reaction which does not add alkalinity to 
groundwater (either aerobic oxidation or methanogenesis). Methanogenesis (which was not evaluated due to lack of methane data) is 
most likely occurring in groundwater. Additional aerobic oxidation, which is not accounted for, may be proceeding in the vadose zone. 
Iron reduction and ulsfate reductiomay be dominant in downgradient wells, which were not analyzed.

Observed Change
in Acceptor

Concentration
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Mass Budgeting and Depletion Analysis - November/December 2008
Sherman Field Former Fuel Farm, NAS Pensacola, Florida

Mass Removal/Depletion Calculations:
Estimated Flow Through Aquifer Calculations

Parameter Units Value

Average Plume Width feet 300

Saturated Thickness 
(Shallow Zone) feet 30

Porosity --- 0.3

Groundwater Velocity feet/day 2.5

Daily Flow cubic feet/day 6,696

liters/day 189,610

For Average NA Values 

Mass of 
Observed Change Electron Acceptor BTEX Depletion BTEX Depletion

in Acceptor or Product Utilized or Product Rate* Rate*
Concentration Generated

Reaction (mg/L) (g/day) (g/day) (lb/year)
Aerobic Respiration (O2) -4.13 -783 -250

Denitrification (NO3
-1 as N) 0.00 0 0

Iron Reduction (Fe2+ generated) 4.50 853 39
Sulfate Reduction (SO4

2-
 as S) -0.78 148 95

Methanogenesis (CH4 generated) 5.50 1044 1336

Total 1,220 982

*Calculated using Stoichiometric relationships listed above.
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Appendix D 
Investigation-Derived Waste Documentation 
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