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FOREWORD 

Previous studies at Operable Unit (OU) 10 have identified shallow, intermediate and deep 

"zones" of study based on monitoring well completion depths. These are inconsistent with the 

regional nomenclature of Northwest Florida hydrogeology which identifies three zones within 

the Surficial Aquifer based on hydrogeologic properties: the Surfkid Zone, the Low 
Permeability Zone, and the Main Producing Zone. These two nomenclatures correlate in the 

following manner: "shallow" and "intermediate" represent two depths in the Surficial Zone. 

While the two depths are not separated by a physical barrier, they each have unique hydraulic 

chararacteristics which are therefore separable. "Deep" represents the uppermost portion of the 

Main Producing Zone. For clarity, this report shall use the regional northwest Florida 

nomenclature as the basis of hydrologic zonation, and the terms "shallow," "intermediate," and 

"deep," shall refer to general groundwater depths or levels. 

Because of the spatial and systemic interconnection between all  facility structures and 

components of the wastewater treatment process at OU 10, identification and separation of soil 

contamination due to Sites 33 and Site 35 was in most instances impossible. Additionally, some 

newly discovered contaminant sources were more similar in process and nature to sites other 

than those in which they were incorporated (e.g., the domestic sludge drying beds and the 

abandoned wastewater treatment plant). Therefore, nature and extent of soil contamination for 

Sites 33 and 35 are grouped together. Sites 32 and 13 soils are discussed separately. Because 

of the migratory nature of groundwater, the nature and extent of groundwater contamination are 

discussed as a whole for the IWTP area. In addition, a removal action has been performed on 

the abandoned wastewater treatment plant. The removal action will be detailed in a separate 

removal action report. 

@ 

Subsequent investigations in adjacent water bodies and wetlands are to be investigated as 

Operable Unit 15 - Bayou Grande, Operable Unit 16 - the Wetlands, and Operable Unit 17 

- Pensacola Bay as outlined in the Federal Facilities Agreement (FFA). 

i 
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EXECUTIVE SUMMARY 

A remedial investigation was conducted for Category I, OU 10, the Industrial Wastewater 

Treatment Plant WTP]) on Magazine Point Peninsula at the Naval Air Station (NAS) 

Pensacola. An investigation also was conducted at screening Site 13 (Rubble Disposal Area), 

on Magazine Point Peninsula. The investigation identified contamination in soil, sediment, 

surface water, and groundwater, apparently resulting from past industrial wastewater handling 

practices at OU 10. Past disposal of general construction debris at Site 13 also has resulted in 

low detected concentrations. 

Approximately 60 parameters were detected in laboratory-analyzed samples representing non- 

chlorinated and chlorinated aromatic volatiles, chlorinated aliphatic volatiles, polyaromatic 

hydrocarbons (PAHs), phenols, pesticides, PCBs, heavy metals, and cyanide. For soil, the 

highest concentrations at OU 10 for individual organic groups or compounds and for metals were 

detected around the Resource Conservation and Recovery Act (RCRA)-closed industrial sludge 

drying beds and associated relict drainage swale (Site 32), the former drying beds of the 

abandoned wastewater treatment plant north of the IWTP, and the former underground waste 

oil storage tank (Site 35). Lower concentrations for individual organic groups or compounds 

and metals were detected at areas associated with the RCRA-closed surge pond (Site 33); the 

surge tank, a historic underground wasteline breach, the chlorine contact chambers, and pressure 

filters (Site 35); and a recent waste oil spill at the bilge water treatment plant immediately south 

of OU 10. Pesticides are ubiquitous throughout OU 10 and Site 13 and likely represent areawide 

surface application for pest control. 

Site 13 soil conditions are characterized by generally non-detect organic concentrations 

punctuated with isolated detections of PAHs and phenols, and non-detect to trace concentrations 

of heavy metals. 

Comparatively low-level organic and localized high concentrations of heavy metals were detected 

in sediments from a drainage ditch south of OU 10. 
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Groundwater has been impacted beneath the northern and central portions of OU 10. Florida 

Drinking Water Quality Standards and Federal Maximum Concentration Levels (MCLs) were 

exceeded in sampled wells for perchloroethylene (PCE), trichloroethylene (TCE), vinyl chloride, 

chlorobenzene, 1 ,2-dichlorobenzene7 1,6dichlorobenzene, beryllium, cadmium, and lead. The 

former industrial sludge drying beds and swale area and the former underground waste oil 

storage tank area appear to be sources of groundwater contamination dominated by chlorinated 

benzenes. The former surge pond and acid spill appear to have been past sources of remnant 

groundwater contamination dominated by chlorinated aliphatics and low pH. 

0 

Intermediate depth groundwater exhibits the highest contaminant concentrations. An analysis 

of the influence of the in-place recovery system indicates groundwater in the southern portion 

of the site is influenced by recovery well RW-7, and in the north by recovery well RW-3. 

Groundwater in the central portion of the site, however, does not appear to be highly influenced 

by the system, and flows generally east toward Pensacola Bay. 

Potential impacted media from site operations, in addition to soil and groundwater beneath the 

site, include Pensacola Bay and Bayou G m d e  via groundwater discharge, and potential wetlands 

immediately north and south of OU 10 via surface drainage, shallow groundwater discharge, or 

direct entry of any past spills. Laboratory data indicate soil in both potential wetlands has been 

impacted, but the extent of contamination is not known. Any ecological impacts on these 

potential receptors will be evaluated in a separate, upcoming remedial investigation of the NAS 

Pensacola Wetlands (Site 41). The baseline risk assessment for the OU lO/Site 13 investigations 

concluded that there is no risk for current site workers. For the hypothetical future Site 

resident, surface soil, shallow/intermediate groundwater and deep groundwater present an 

unacceptable risk and/or hazard via at least one exposure pathway. Neither surface water nor 

sediment was shown to pose a significant carcinogenic risk or systemic toxic hazard. The risk 
to terrestrial ecological receptors from soil is minimal except at 33S20. Surface water and 

sediment in the Southern Drainage Ditch may pose a risk to ecological receptors. This area will 

be further investigated during the Site 41, NAS Pensacola Wetlands RI/FS. Groundwater 

discharge to surface water may pose an ecological risk for pesticides and metals. Groundwater 

discharge to surface water bodies will be further investigated during the Pensacola Bay, Bayou 

Grande, and NAS Pensacola Wetlands investigations. 
0 
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Draft Final Remedial Investigation Repon 
NAS Pensacola Operable Unit 10 and Site 13 

Section I - Introduction 
October 14, 1994 

1.0 INTRODUCTION 

As part of the U.S. Navy [Comprehensive Long-Term Environmental Action Navy] (CLEAN) 

program, a Remedial Investigation (RI) [was] completed at four sites at the Naval Air Station 

(NAS) Pensacola [from October 1992 to March 19941. Sites 32, 33, and 35, located within 

the Industrial Waste Treatment Plant [(IWTP)] north of Chevalier Field, are collectively known 

as Operable Unit 10 [(OU 10). Preliminary screening] Site 13, the Magazine Point Rubble 

Area, lies northeast of OU 10 and was included in the study because of its proximity to the other 

three sites. 

The investigation was undertaken by EnSafe/Allen & Hoshall [(E/A&H)] to meet the 

requirements of the federal [Comprehensive Environmental Response, Compensation, and 

Liability Act of 19801 (CERCLA) program which administers the investigation and cleanup of 

former hazardous waste sites. The FU report summarizes the activities, results, and conclusions 

of the investigation and provides the basis for the feasibility study [(FS)] to be completed at the 

site. The objectives of the m, and the m], are outlined below. 

0 

Objectives of the [RI:] 
e To determine the sources, nature, magnitude, and extent of any soil, sediment, surface 

water, and groundwater contamination. 

0 To facilitate the evaluation of human health and ecological risk posed by contaminated 

media onsite through the baseline risk assessment [(BRA)] process. 

An [FS] will be conducted to determine appropriate methods of addressing site contamination 

based on data generated during the FU process. 

1 - 1  
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NAS Pensacolu Operable Unit 10 and Site 13 

Section I - Introduction 
October 14. 1994 

~ ____ 

1.1 Project Organization 

The [RIJ is organized in three parts. Previous reports in the administrative record and aerial 

photographs were reviewed to sketch the site history and background. Preliminary field studies 

next yielded data to help characterize field conditions in the study area and identify areas of 

concern so soil borings and monitoring wells could be placed in optimal locations. The 

preliminary studies included a surface emissions survey, radiation survey, soil-gas survey, and 

habitat and biota survey. Finally, the field investigation segment included completion of soil 

borings and monitoring wells; sampling of soil, sediment, surface water, and groundwater for 

contamination and physical analysis; and [a hydrologic investigation ofJ surface water and 

groundwater. 

1.2 Purpose of Report 
This RI report summarizes the activities, results, and conclusions of the investigation and 

provides the basis for an m] to be completed at the site. The report also documents the data 
collection and analytical methods used during the investigation. 

1-2 
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~~ 

2.0 SITE DESCRIPTION AND HISTORY 

2.1 Site Description 

The IWTP is located on 26 acres of Magazine Point Peninsula north of Chevalier Field, as 

shown on Figure 2-1. The IWTP contains [three RUFS] sites, Sites 32, 33 and 35. [Site 13, 

a screening site, is included in the investigation due to its proxhdty to OU 10.1 

OU 10 Sites: 
0 The Industrial Sludge Drying Beds [(ISDBs)] (Site 32) 

0 The Wastewater Treatment Plant (WWTP) Ponds (Site 33)[, including: 

- former surge pond 

- stabilization pond 

- polishing pond] 

0 The miscellaneous IWTP [solid waste management units (SWMUs)] (Site 3 3 ,  [defined 

as all other portions of the IWTP which potentially received or released hazardous 

waste or constituents. These include: 

- industrial grit chamber 

- industrial comminutor 

- industrial sludge thickener 

- industrial sludge presses 

- waste oil storage tanks 

- acid storage tanks 

- sludge bed pumping station 

- pump dock 

- ancillary piping, pumps, junction boxes, etc. 

- industrial primary clarifier/oil/water separator] 

- aerobic sludge digester 

- aeration (activated sludge) tank 

- surge tank 

- sludge truck loading station 

- parallel flocculators 

- parallel final clarifiers 

- chlorine contact chamber 

2- 1 
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October 14, 1994 

Their locations within the IWTP are shown in Figurers 2-2 and 2-31. Due to their proximity 

and integral nature, the [RI] of these sites was combined into [a single] investigation. 

Site 13: 

Site 13 [is a screening site and lies east of OU 10. It extends] north and south along the 

eastern shoreline of Magazine Point Peninsula (Figure 2-1). [Site l3’s use and history are] 

different and separable from the [three related sites within OU 10. Site 131 has been included 

in this study for convenience and because of its proximity to OU 10. 

Magazine Point Peninsula is a low-lying partly wooded and developed area. Natural elevations 

do not exceed 5 feet above sea level. Artificially filled areas rise as high as approximately 

14 feet above sea level. Areas within the IWTP compound are highly disturbed and developed 

due to site operations. Rubble and construction debris are mounded along the eastern shoreline 

at Site 13 due to years of dumping. The peninsula is surrounded by Bayou Grande to the west 

and north and Pensacola Bay to the east. These coastal waters have been classified by the 

Florida Department of Environmental [Protection] (FDEP) [formerly know as the Florida 

Department of Environmental Regulation [FDER] as Class III waters, indicating their use for 

recreation and [maintaining] a well-balanced fish and wildlife population (FDER 1992a). 

0 

2.2 

Previous investigations at OU 10 have been driven by Resource Conservation and Recovery Act 

(RCRA) requirements. Initial investigations centered around the former surge pond which 
[became] part of Site 33 after it was declared a RCRA surface impoundment (see discussion 

below). The investigation was later expanded to study the impact of the former ISDBs at 

Site 32, and the former stabilization and polishing ponds which are also part of Site 33. 

Facility History and Previous Investigations at OU 10 

0 2-3 
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NAS Pensacola Operable Unit 10 and Site I3 

Section 2 - Site Description and Histov 
October 14, 1994 

2.2.1 Chronology of Site Activities 

The following chronology of events at the IWTP provides a basis for understanding the history 

and focus of the environmental investigation. 

1941 Waste processing began at Magazine Point [when an] Imhoff tank [was installed] 

north of the present IWTP. The tank treated only sewage from the Magazine 

Point area [(Naval Energy and Environmental Support Activity] [NEESA] 

1983). 

1948 

r 

1971 

A primary treatment sewage plant was constructed at the present IWTP. Direct 

discharge of raw sanitary sewage from the south side of the base into Pensacola 

Bay was rerouted to the treatment plant. The Imhoff tank north of the facility 

was abandoned (NEESA 1983). 

Note: Prior to 1971, the [WWTP] began receiving industrial waste from paint 

and plating operations outside the study area at the Building 709 complex. 

Industrial waste was received via the sanitary sewer line and processed with 

domestic sewage (NEESA 1983). 

The [WWTP] was upgraded to treat industrial and domestic wastes separately. 

The [ISDBs], WWTP Ponds, and miscellaneous IWTP SWMUs were constructed 

for tertiary treatment of industrial waste; the existing domestic sewage treatment 

system was upgraded to include secondary treatment (NEESA 1983; [Ecology & 

Environment, Inc.] [=E] 1992a). 
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1973 The I\NTp expanded acceptance of industrial wastewater generated at 

NAS Pensacola with the connection of industrial sewer lines from the maval Air 

Rework Facility] ( N A V W O R K F A C )  operations (NEESA 1983). 

1978 The domestic sludge generated at the rWTP was found to be hazardous by FDER, 

apparently due to high chromium levels, and had to be disposed of in the same 

manner as industrial sludge. After [chromium levels decreased, FDEX allowed] 

the domestic sludge [to be] disposed of as a non-hazardous waste (NEESA 1983). 

1979 During maintenance of a clogged industrial waste line, approximately 

80,000 gallons of industrial waste spilled when a pump failed at the final 

industrial waste lift station. The spill was released into a ditch (Site 30) near the 

lift station and eventually discharged into Bayou Grande. OU 10 was not 

believed to have been impacted because the spill occurred approximately 

2,000 feet southwest of [the area]. However, it was indicative of the waste 

received at OU 10. The release caused a minor fish kill in Bayou Grande 

(NEESA 1983), but was considered a minor incident by the FDER. No further 

investigation was initiated (NEESA 1983; E&E 1992a). 

A temporary industrial sludge holding pond[, the location of which has not 

determined even after a thorough records search,] was constructed for 

emergency storage due to a high volume of industrial sludges generated. The 

pond was reportedly lined with plastic. Several tears in the liner were reported 

when the pond was taken out of service (NEESA 1983). 

E 
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1981 The IWTP surge pond was designated by FDER as a hazardous waste surface 

impoundment and received an average of 880,000 gallons of wastes per day. The 

wastewater contained high concentrations of organic solvents, phenols , chromium 

electroplating wastes (including cyanide and other heavy metals), and wastes from 

a chemical conversion coating process for aluminum. As a result of the 

[hazardous waste] designation, a RCRA detection groundwater monitoring 

program was implemented. Leakage from the surge pond was estimated to be 

potentially as high as 5,800 gallons per day (Missimer and Associates 1982). 

1983 

1984 

The position of the previously installed wells did not meet RCRA detection 

requirements [(apparently because only one well was placed immediately 

downgradient of the surge pond, with the other two progressively farther 

downgradient)]. Therefore, [three] additional downgradient wells were 
installed[, resulting in a well at each corner of the surge pond] (=E 1992a). 

Approximately 2,200 gallons of sulfuric acid spilled from a storage tank in the 

chemical storage area near the northeast corner of the surge pond. Most of the 

. spilled acid was contained within the bermed storage area, neutralized with lime, 

and allowed to vertically seep into the ground. Acid spilled beyond the berm was 

absorbed with sand, which was then placed in the ISDBs. Water was used to 

rinse the asphalt surfaces and direct the spill residue onto bare ground (Geraghty 

& Miller [G&M] 1988a). 

The [ISDBs] were removed from service (E&E 1992a). RCRA detection 
monitoring identified groundwater contamination attributable to the surge pond. 

As a result, a RCRA assessment monitoring program was implemented to 
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determine the extent of contamination. G&M initiated Phase I of the assessment 

by installing seven shallow wells around the W T P  ponds and the ISDBs and 

sampling all new and previously installed wells (G&M 1985a) 

1985 The FDER issued a temporary RCRA operation permit (No. HT17-68087) to the 

U.S. Navy Public Works Center [(PWC)] for the surge pond. [A new] permit 

(No. [H017-127026J) was issued in September 1987 (E&E 1992a). 

Phase II of the RCRA groundwater assessment investigation was initiated by 

G&M to determine the vertical and lateral extent of groundwater contamination. 

Fourteen additional [Phase IIJ monitoring wells were installed at and north of the 

IWTP, including four intermediate [(- 30 to 45 feet)] and four deep wells 

[( - 55 to 65 feet; completed in the main producing zone)]. Groundwater was 

sampled from all Phase I and II wells (G&M 1985b). 

1986 A RCRA Corrective Action Program was implemented at the NcrTp to comply 

with conditions in the FDER Temporary Operating Permit No. HT17-68087. 

Based on results of the RCRA assessment monitoring program, a groundwater 

recovery system was designed and installed to capture contaminated groundwater 

(G&M 1988a). 

1987 In January a comprehensive groundwater monitoring evaluation was conducted 

by the llJnites States Environmental Protection Agency (USEPA). 

Groundwater samples were collected from seven shallow wells [(0 to 15 feet)] 

and one deep monitoring well (=E 1992a). 
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In February the groundwater recovery system was placed in operation 

(G&M 1988a). 

In September the FDER issued RCRA Permit No. HO17-127026 to the U.S. Navy 

[PWC] to operate the surge pond. The permit stipulated the continued operation 

of the corrective action system (the recovery wells) and the implementation of two 

quarterly groundwater monitoring programs: (1) point-of-compliance monitoring 

at the surge pond, and (2) corrective action monitoring to determine the 

effectiveness of ongoing groundwater remediation. Well sets and parameters for 

analysis were separately defined for each monitoring program (G&M 1988a; 

E&E 1992a). 

In November the fmt quarterly groundwater sampling for corrective action and 

point-of-compliance programs was initiated (G&M 1988a; E&E 1992a). 

1988 In January the FDER issued closure permits to the U.S. Navy [PWC] for the 

polishing pond, stabilization pond, and the WDBs] (No. HF17-134657). Liquids 

were removed from the impoundments and processed through the [IWTP]. 

Sludge was removed and transported to a hazardous waste disposal facility. Upon 

closure, the clay liner and/or subsurface soil of each impoundment were sampled 

and analyzed. The subsequent laboratory report indicated only low levels of 

phenol in liners or soil beneath the stabilization and polishing ponds, and hence 

[F'DEP granted clean closure status to] these impoundments. Samples from the 

liner or soil beneath the ISDBs, however, indicated several contaminants 

(E&E 1992a). 

2-10 
[Bold items in brackets denote changes 

to the first draft of document.] 



Drafr Final Remedial Investigation Report 
NAS Pensacola Operable Unit 10 and Site I3  

Section 2 - Site Description and History 
October 14. 1994 

r- 

In February, two point-of-compliance wells and one dual-purpose well were 

abandoned to make way for construction of a surge tank [to] replace the old surge 

pond (G&M 1988a; E&E 1992a). 

Pump failure problems with [the] recovery system['s functioningl had been 

linked to acidic groundwater conditions near the former sulfuric acid spill. 

Consequently G&M installed three temporary well pairs in April to investigate 

the source. It was determined [the] intermediate-depth groundwater ([screened 

at the base of the surficial zone] had been impacted, and recovery well RW-5 
was recovering the acid plume (G&M 1988b). 

1989 

A closure permit for the surge pond (No. HF17-148989) was issued in November 

to the U.S. Navy [PWC]. Upon closure, the clay liner and/or subsurface soil 

were sampled and analyzed. As with the ISDBs, several contaminants were 

identified. Consequently, both the surge pond and ISDBs were capped with low 

permeability covers (clay and asphalt, respectively) as a condition [ofJ closure. 

A groundwater monitoring program was developed to ensure the effectiveness of 

the caps (=E 1992a). 

In December, G&M submitted a semiannual report for the corrective action and 

compliance monitoring programs. [The report recommended installing five 

additional] recovery wells to enhance the effectiveness of the corrective action 

system (G&M 1988~). 

In May, monitoring of the corrective action and point-of-compliance programs 

was transferred to [E&E] (E&E 1992a). 
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f" 

1990 Three monitoring wells were installed by E&E on the western flank of the former 

surge pond to replace wells abandoned during construction of the surge tank. The 
wells were installed in a cluster, with one completed at each of the three 

monitoring depths established by G&M ( W E  1991d). 

From July 1990 to November 1991, the recovery system was inoperative due to 

well pump failures from excessive drawdown (=E 1992b). 

1991 A bilge water treatment plant was constructed immediately south of the IWTP to 

receive and treat bilge water evacuated from Navy ships (Campbell 1993). 

In September, the FDER issued permit No. HF17-170951, changing the 

monitoring requirement for each monitoring program from quarterly to 

semiannually (E&E 1992a). 

1992 Regulatory focus of environmental investigation at the IWTP shifted from RCRA 
to CERCLA. In February, E&E submitted a IRyFS] work plan for OU 10 

(formerly called Group 0) to meet CERCLA requirements [(E&E 1992a)J. 

E/A&H was subsequently retained to implement the work plan, and submitted a 

Sampling and Analysis Plan [(SAP)] in October for the present study. 

In March, a spill at the bilge water treatment plant released approximately 

3,000 gallons of waste oil into the surrounding soil and wetlands. The spill was 

investigated by Groundwater Technology, Inc. [(GTI 1993),] separately from the 

present RI study for the w. S. Navy PWC and is being handled under the 

auspices of the FDEP underground storage tank (UST) program]. 
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1994 In March, the USEPA collected 15 surface soil samples in areas of suspected 

soil contamination to supplement the database for risk assessment. In 
addition, the USEPA collected groundwater samples using a quiescent 

sampling technique from five wells previously identified with metals 

contamination to determine if turbidity could be reduced and more accurate 

metals concentrations measured.] 

2.2.2 Summary of Groundwater Monitoring and Recovery Programs 

As indicated in the chronology, four RCRA groundwater monitoring or remediation programs 

have been implemented at the IWTP at various times. Table 2-1 summarizes the monitoring and 

recovery programs and the wells installed and sampled under each program. In all, 

40 monitoring wells and seven recovery wells [were] installed prior to [the current RI]. Of 

the [40 monitoring wells, 311 were shallow, completed within 15 feet below ground surface 

(bgs); five were intermediate depth, completed at the top of an underlying clay layer at 

approximately 40 feet bgs; and four wells were deep, completed beneath the clay layer at 

approximately 65 feet bgs. [Five of the shallow monitoring wells have been abandoned. Two 

other shallow wells and one intermediate well were destroyed and replaced.] Figure 2-3 

shows the locations of the previously installed wells. Table 2-2 lists the completion depths and 

screened intervals for these [monitoring] wells. 

r‘. 

Detection monitoring (1981 through 1984) initiated a RCRA-driven investigation of the potential 

impacts on groundwater from the operation of the former surge pond. Seven shallow monitoring 

wells (the [upgradientldowngradient WG/DG] series) were installed at or near the surge pond 

and [one monitoring well was installed] in a background location. [The wells were] monitored 

for RCRA detection and indicator parameters (Missimer & Associates 1984; G&M 1985a). 
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RCRA PrograrnlDuraMon - 

Detection Monitoring 

II s 

1981-1984 

Assessment Monitoring 
1984- 1985 

Corrective Action 
1987 to present 

Rernediation 

Monitoring 

Compliance Monitoring 1987 to  present 

Monitoring 

Compliance Monitoring 1987 to  present 

Tabla 2-1 
imry of RCRA Oroundwatar Program 

New Wall Inmtallationa 

1) UG-1 
DG-1 through 0 0 - 4  

2) DG-5, DG-6 

Phase I: 
GM-8 through GM-14 

Phase II: 
GM-62 through GM-84 

RW-1 through RW-7 

PCS-1, PCI-1, PCD-1 

id Wan Installatlone at the Induatdal WWTP 

Wall A m y  h a d  * 

1) UG-1 
DG-1 through DG-3 

2) UG-1 
DG-1, DG-4 through DG-6 

1) UG-1, DO-4 through DG-6 
GM-8 through GM-14 

2) DO-2, DG-3 
GM-8 through OM-14 
OM-62 through GM-83 

RW-1 through RW-7 

1) DO-2, GM-9, 
OM-62 through GM-69 
GM-74. 76. ,84 

2) GM-02 through GM-67 

1) UG-1 
DG-1, I D G 4  through DO-6) 
GM-75 

3) PCS-1, PCI-1. PCD-1, 
GM-8 through GM-10. 

(OM-11 through GM-14) 
OM-68. 69 

Noter: 
[Five monitoring wells (DO-1, DO-6, DO-6, OM-74, OM-76) have bean abandoned and two monltorlng wall# (OM-37. OM-70) have been demtroyed.1 
' Multiple sets indicate alterations to the well  arrays over time. 
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Panmtsn Monltond 

TOC, TOX, pH, Spec. Cond., 
Fe, Mn, CI, Na. SO,. phenols 

TOC, TOX, pH, Spec. Cond., 
Fe, Mn, CI, Na, SO,, phenols 

Not uniform between all wells: 
pH, spec. cond. 
VOC, BNA. metals, cyanide, 
DG-6: App Vlll 

Not uniform between all wells: 
pH. spec. cond. 
VOC. BNA 

pH. spec. cond., Na. CI, 
VOC, BNA 

pH. spec. cond.. 
VOC. BNA, metals, CI, SO,, F 
Gross alpha, beta, radium 226, 228 

pH. spec. cond. 
specific compounds of: 
VOC. BNA, metals, cyanide, CI. SO,, No 
DG-4: App IX 

pH, spec. cond. 
VOC, BNA, metals, CI. SO,. F 
Gross alpha, beta radiation: radium 228, 228 
(cyanide) 
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Well Designation Installation Date Completion Depth (Ftl 

r" 

Screened Interval (Ftl 

G M-8 3/84 12.0 

GM-9 3/84 12.0 

9.5 - 12.0 

9.3 - 11.8 

GM-10 

GM-11 

GM-12R' 

_ _ _ _ ~  ~ 

3/84 12.0 9.5 - 12.0 

3/84 12.0 9.3 - 11.8 

4/88 15.0 11.0 - 14.0 
~~ ~ 

GM-13R* 

GM-14 

10.5 - 13.0 

10.0 - 12.5 

11.0- 13.5 

10.0 - 12.5 

~ ~ 

11/91 12.0 9.5 - 12.0 

8.9 - 11.4 3/84 12.0 
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GM-62 8/85 

GM-67 8/85 

GM-70 8/85 

15.0 12.5 - 15.0 

15.0 12.5 - 15.0 

15.5 12.5 - 15.0 
~ ~ 

GM-71 

GM-72 

~~~ ~ ~ 

8/85 12.5 10.0 - 12.5 

8/85 12.5 10.0 - 12.5 
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Well Designation Installation Date Completion Depth (Fa 

DG-2” I19811 Unknown 

DG-3 I19811 I101 

DG-4 [ 1 9831 11 1.41 

DG-5 [ 19831 11 1.41 

DG-6’ [1983] Unknown 

r‘ 

Screened Interval (Ftl 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

GM-64 

GM-66 

8/85 40.0 37.5 - 40.0 

8/85 40.0 37.5 - 40.0 

GM-69 

GM-84R* 

PCI-1 

Deep W d s  

GM-63 I 8/85 65.0 I 62.5 - 65.0 

8/85 40.0 37.5 - 40.0 

2/92 49 .O 43.0 - 48.0 

3/90 45.0 40.0 - 44.75 

I 24.0 - 39.0 RW-7 10186 39.0 

Source - IE&E (1992e)l 

Notes: 
- [Replacement wells] 
- Wells that have been abandoned t t  
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After [determining the] impoundment was impacting groundwater, an assessment monitoring 

program (1985, 1986) was initiated to determine the extent of the contamination plume attributed 

to the surge pond. Twenty shallow, four intermediate depth, and four deep monitoring wells 

were installed b y  G&MJ in two phases around the three onsite ponds, the ISDBs, and in the 

woods north of these impoundments. Groundwater was [selectively] monitored between wells 

with respect to parameters for any or all of pH, specific conductivity, volatile organic 

compounds (VOCs) , [semivolatile organic compounds (SVOCs) also called] base-neutral acid 

extractables (BNAs), metals, and cyanide. Well DG-6 was sampled for an Appendix VIII scan 

(G&M 1985a, 1985b). Corrective action and compliance monitoring (1987 to present) followed 

the assessment monitoring program, driven by conditional requirements of the RCRA operations 

permit issued to the surge pond. Six recovery wells (the RW series) were installed generally 

in a north-south array to retrieve the contamination plume (G&M 1987). The RCRA operations 
P permit defined two well arrays, one to be monitored as part of the corrective-action program, 

the other to be monitored as a point-of-compliance monitoring program for the surge pond 

(FDER Permit No. H017-127026, 1987). The analytical requirements for the two programs 

were initially stipulated in the operations permit. After the second quarter of monitoring, 

corrective action wells DG-2 and GM-74, point-of-compliance wells DG-1 and DG-6, and 

dual-purpose well GM-75 were abandoned to make way for construction of a surge tank. A 

triple-well cluster was later completed as replacement after closure of the surge pond 

(G&M 1988a, E&E 1991d). [As previously presented in Table 2-11, the well arrays used and 

[corresponding] analytical suites have Peen revised to be in accordance] with RCRA permit 

requirements [during the corrective action and compliance monitoring]. 

The recovery well system was put into operation in February 1987 (G&M 1988a). The 
seven-well array [was] set at intermediate depths (approximately 40 feet), screened over the 

lower 15 feet, and gravel-packed to the top of the water table (G&M 1987). The wells are 
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quipped with centrifugal pumps [dischargind to a common collection line. Recovered 

groundwater is discharged into the industrial wastewater treatment system onsite. The inline 

spacing of the recovery wells was designed to create a composite cone of depression in the 

shallow groundwater [to] maximize capture of contaminated groundwater while minimizing the 

potential for inducing saltwater intrusion into the wells, and hence into the wastewater treatment 

system, which is not designed to process saline water. In 1987 and 1988, the recovery system 

was withdrawing approximately 1,860,000 gallons per month (G&M 1988~). The system was 

inoperable from July 1990 to November 1991. Apparently the high rate of [recovery] lowered 

the water levels at [various] wells to below the pump intakes[, overheating the pump] motors 

[causing the pumps to fail] (E&E l992b). The destroyed motors were [subsequently] 

replaced, and the wells were quipped with drawdown protectors. After resumption of the 

recovery operations in November 1991, the system was withdrawing approximately 

870,000 gallons per month (=E 1992b, 1992d). r" 

Bilge Water Treatment Plant 

As part of a contamination assessment of the bilge water treatment plant spill (described earlier 

under Chronology of Site Activities), a field investigation was conducted by [G'ITJ in 

December 1992. The investigation included [installing] four monitoring wells (MW-1 through 

MW-4) and six piezometers around the plant and the affected wetland, sampling groundwater 

and surface water, and [measuring] the water table. [Analytical results of the investigation 

are presented in Section 2.2.3.1 

2.2.3 

Soil 

Soil samples were reportedly collected in accordance with the closure permits for the former 

[ISDBs], former surge ponds, and the polishing and stabilization ponds (E&E 1992a). 

Previous Analytical Results OU 10 

r' 
I 
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Because] laboratory analysis detected only low concentrations of phenols in the clay liner and 

subsurface soil beneath the polishing and stabilization ponds, W E P  granted clean closure 

status to] these two impoundments. Soil collected from beneath the ISDBs and surge pond had 

detected [concentrations] of the contaminants listed below (E&E 1992a). 

[ ISDBs] : Surge pond 

Cyanide 0.3 mg/kg Cyanide 1.2 mg/kg 

1,3-dichlorobenzene 18 pglkg 1,2-dichlorobenzene 28 P g / k  

1,4-dichlorobenzene 14 pg/kg 1,3-dichlorobenzene 67 P g k  

Toluene 10 %/kg 1,4-dichlorobenzene 10 P g k  

Groundwater 

Analytical results of previous investigations have shown the presence of contamination in shallow 

(0 to 15 feet) and intermediate depth (- 30 to 45 feet) groundwater at OU 10. Excluding 

sodium, deep groundwater (- 55 to 65 feet) has not yielded any parameters detected above 

applicable state standards. Generally the most contaminated groundwater has been found in the 

areas east of the former ISDBs and around the former surge pond. 

r 

Tables 2-3 and 2-4 summarize the analytical results for sampling events conducted during the 

past eight years at the I"P. Exceedances of Florida Primary and Secondary Drinking Water 

Standards (FPDWS, FSDWS) and magnitude of exceedance per well are shown in Table 2-3. 

Frequencies of exceedance are shown in Table 2-4. These summary tables should be interpreted 

in light of the inconsistent history of sampling frequencies and analytical parameters between 

wells. However, those wells [demonstrating] a noticeably higher and more frequent 

contamination include former shallow wells DG-1 and DG-6 around the surge pond, shallow 
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wells GM-8, and GM-9, and intermediate depth wells GM-66 and GM-69 east of the ISDBs 

[(See Figure 2-3, previously presented in this section).] 

Interpretation of groundwater analytical results for the previous 11 years does not yield clear and 

consistent trends. [Overall, an irregular trend toward decreasing concentrations can be 
identified, with greater decreases in shallow groundwater relative to intermediate-depth 

groundwater. However,] plumes of several contaminant types beneath the site appear to have 

fluctuated drastically, resulting in periods of relatively high contamination in individual wells 

between periods of low or no detected contamination for a given compound. [Appendix A 

summarizes the groundwater analytical results from February 1984 to July 1992 for selected 

compounds and monitoring wells. 

This general study area decrease in groundwater contaminant concentrations may be due 

to one or more of the following developments: 
a 

f" 

The recovery well system activated in 1987 may have begun to  recover and 

diminish the contaminant plumes. 

a The closure of the ISDBs and surge pond in 1988, including removal of waste 

liquids and contaminated soil and capping of remaining soil, may have mitigated 

probable contaminant sources. 

0 Natural rain water recharge may have flushed the groundwater system, with the 
greatest effect on shallow groundwater. 

Due to multiple factors, the effectiveness of the recovery well system is difficult to assess. 
Although the most dramatic decrease in contaminant concentrations has occurred in the 
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shallow depth, the recovery wells are screened at intermediate depths. Previous studies 

have indicated a lower permeability at the intermediate depth (see Section 3), and the 

persistence of elevated concentrations of contamination at that depth suggests the wells may 

not be effectively capturing the lower level of the plumes. Moreover, the yield of the 

recovery wells has decreased since their initial operation. A white, chalk-like precipitate 

has been observed on retrieved piping (E&E 1992d).] 

Heavv Metals and Cvanide: 
Sampling and analysis for heavy metals were conducted in 1984 at the beginning of 

assessment monitoring, and from 1990 to the present for correctiveaction and 

point-of-compliance monitoring. The 1984 data indicate non-detect to trace heavy metal 

concentrations below F'PDWS and maximum contaminant levels (MCLs) in shallow 

groundwater around the former surge pond (DG wells) and the former ISDBs 

(GM-8, GM-9, GM-10). Data from 1990 to the present indicate chronic heavy metal 

contamination limited to intermediate well GM-66, with concentrations of cadmium, 

chromium, and lead sporadically exceeding FPDWS and MCLs. Other wells have 

consistently yielded non-detect to trace concentrations below FPDWS and MCLs, except for 

one exceedance of mercury standards (GM-11, 11/89) and one exceedance of arsenic 

standards (UG1, 5/90). 

r" 

Sampling and analysis for cyanide was conducted in 1984 at the beginning of assessment 

monitoring, and from approximately 1989 to the present for correctiveaction monitoring. 

In 1984, cyanide concentrations did not exceed the FPDWS and MCL of 200 pg/L in any 

well; however, between 1989 and 1992 individual exceedances of cyanide standards were 

reported for five shallow wells (GM-8, GM-11, GM-14, GM-67, PCS-1) and one 

intermediate well (PSI-1). 
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OraQnic Comuounds: 

Sampling and analysis for organic compounds were conducted from 1984 to the present. 

During this time period, sampled well arrays and parameter suites fluctuated considerably 

with changing regulatory requirements. Assessment monitoring, conducted in 1984 and 

1985, indicated VOC concentrations exceeding FPDWS and M C h  in shallow groundwater 

around the former surge pond @G wells) and east of the former ISDBs (GM-8, GM-9). 

Installation and sampling of intermediate monitoring wells after 1985 detected 

VOC concentrations excdmg  FPDWS and M C h  east of the former ISDBs and northeast 

of the former surge pond (GM-66), northeast of the former ISDBs (GM-69), and south of 

the former surge pond, between the stabilization and polishing ponds (GM-64). 

Assessment monitoring conducted in 1984 and 1985 indicated 1,4dichlorobenzene in 

shallow groundwater around the former surge pond at concentrations exceeding the 

FPDWS and MCL by less than an order of magnitude (DG wells); shallow wells around the 

former ISDBs were not sampled for this parameter. After installing intermediate wells in 

1985, correctiveaction and point-of-compliance monitoring indicated 1,4dichlorobenzene 

concentrations in shallow (GM-8, GM-9) and intermediate (GM-69) wells exceeding F'PDWS 

and MCL. Dichlorobenzene concentrations in intermediate well GM-66 have not exceeded 

drinking water standards.] 

P 

High concentrations of unregulated VOC and BNA compounds [were also reported in 1984 and 

1985. Many of these unregulated compounds have been inconsistently analyzed for or were 

no longer reported after initial assessment monitoring. Those most notable compounds and 

concentrations are listed in Tables 2-3 and 2-4 with the highest encountered concentrations 

reported (G&M 1985a, 1985b; E&E 1992b).] 
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Wells adjacent to the surge pond: 

1,l-dichloroethane: up to 1,500 pg/L [at D G l ,  7/84] 

1,1,2,2-tetrachloroethae: up to 800 pg/L [at D G l ,  10/84] 

1,2 dichloro-l,l,2-trifluoroethane: up to 8,000 pg/L [at DG6,  7/84] 

2-butanone (methyl ethyl ketone): up to 11 ,OOO pg/L [at D G l ,  7/84] 

naphthalene: up to 782 pg/L [at DG6, 10/84] 

2-methyl phenol: up to 3,300 pg/L [at DG6, 7/84] 

Wells east of the ISDBs: 

1,l-dichloroethane: up to 6,900 pg/L [at GM-9, 7/84] 

1,3-dichlorobenzene: up to 2,250 pg/L [at GM-9, 91851 

f- 
I [These reported concentrations confirm the distribution of the regulated compounds 

discussed above: initial high concentrations of organic contaminants in spatial association 

with the former surge pond and former ISDBs.] 

[Overall, concentrations ofJ most VOC and BNA compounds have [decreased] over time, with 

episodes of bigher and lower] or non-detected concentrations for any given well or compound. 

A trend toward a greater decrease in contamination in shallow wells compared to intermediate 

depth wells has emerged. mowever, localized short-lived periods reversing this trend and 
chronic cycles between low- and high-level contamination have occurred, including the 

following: 

a During 1991 and 1992 benzene concentrations at shallow weU GM-8 increased from 

a long period of non-detect or below quantitation levels to as high as 750 pg/L, 

then decreased to non-detect; in the same period 1,4-dichlorobenzene 
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concentrations increased from 190 pg/L to 3,800 pg/L, then decreased to 

non-detect. 

a 

a 

In 1990, vinyl chloride concentrations at shallow well GM-8 increased from 

non-detect to as high as 180 pg/L, and then returned to non-detect. 

Concentrations of vinyl chloride, 1,l-dichloroethene, and trichloroethene have 

persisted in intermediate well GM-66, punctuated by occurrences of non-detection, 

with no appreciable downward trend.] 

Contamination in deep wells has decreased from detectable but below FPDWS [during 

assessment monitoring, to non-detect in later years. Since contamination was detected only 

soon after installing deep wells, and because surface casing was not used during installation 

to isolate the contaminated groundwater above an appreciable clay layer (see Stratigraphy 

and Hydrogeology, Section 3.2) from the groundwater beneath the clay at the screened level 

of the deep monitoring wells. The detected trace contamination in the deep wells may 

reflect initial cross contamination rather than general deep groundwater conditions.] 

f- 

Polychlorinated biphenyls (PCBs) and pesticides were analyzed for and not detected in an 

Appendix VIU scan of DG-6 during the early part of assessment monitoring, and in available 

Appendix M scans of DG-4 and GM-66 during compliance monitoring (G&M 1985a, 
1988c, 1989). 

Analyses for gross alpha and beta radiation, and radium 226 and 228 were added to the sampling 

programs in 1992. Some minor exceedances of FPDWS standards for gross alpha radiation and 
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radium 226+228 have been reported, though the present database for these parameters is too 

small to support any conclusions or trends (E&E 1992b, 1992d). 

FSDWS exceedances of iron, manganese, sodium, chloride, and sulfate have occurred in 

variable magnitude and frequency for several wells. Sodium, chloride, and sulfate exceedances 

have been greater in intermediate depth wells than in shallow wells. 

Bilge Water Treatment Plant 

Soil from near the point of the waste oil release at the bilge water treatment plant, and 

groundwater and surface water around the plant were sampled for laboratory analysis of varying 

parameters, including petroleum constituents and certain metals (GTI 1993). Figure 2-4 shows 

the locations of the soil sampling points, and the groundwater and surface water sampling 

stations. Compounds detected included toluene, ethylbenzene, xylenes, naphthalenes, total 

recoverable petroleum hydrocarbons (TRPHs), and the metals chromium, cadmium, and lead. 

Table 2-5 summarizes the results. 

I T-- 

2.3 

2.3.1 Site History 

Site 13 was used for the disposal of clean fill materials for an unknown period of time 

(NEESA 1983, E&E 1990~). A clay-based road, with a point of access from the northwest 

comer of Chevalier Field, extends north along the entire length of the site, and was presumably 

the avenue of access for dumping activities. [Aerial] photo[graph] interpretation conducted by 

E&E identified the first discernible presence of rubble in 1964 at the northern tip of Magazine 

Point. The rubble was most likely placed at Magazine Point to stabilize a narrow inlet to the 

north between Bayou Grande and Pensacola Bay and also possibly northeast of the IWTP 

(E&E 19910. An Initial Assessment Study (IAS) conducted basewide by the NEESA indicates 

Site History and Previous Investigations at Site 13 
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Sample Parameter 

Table 2-5 
Summary of Detected Compounds 

Bilae Water Treatment Plant Contamination Assessment 

Concentration 

Soil: 
SB-8 Ethylbenzene 

Total Xylenes 
TRPH 

41 1 .O 
900.0 

41,400.0 ppm 

Surface Water: 
sw-3 I Lead I 1.1 

Ground water: 
MW-1 

MW-2 

MW-4 

Toluene 
Ethyl benzene 
Total Xylenes 
Chromium 

Toluene 
Total Xylenes 

Toluene 
Ethyl benzene 
Total Xylenes 
1 -Methyl Naphthalene 
2-Methyl Naphthalene 
Cadmium 

6.0 
2.6 
6.4 
6.0 

1.3 
3.5 

3.0 
2.1 
14.0 
4.7 
3.7 
7.0 

[FPDWWFSDWS 

5.6' 

1,000 
700 

10,000 
50 

1,000 
10,000 

1,000 
700 

10,000 - 
- 

. 5  

MCLlSMCLs 

1,000 
700 

10,000 
100 

1,000 
10,000 

1,000 
700 

10,000 
- 
- 
51 

[Notes : 
All values are in parts per billion (ppb) except for TRPH in SB-8, which is in parts per million 
FPDWS - Florida Primary Drinking Water Standard 
FSDWS - Florida Secondary Drinking Water Standard 
MCL - Maximum Contaminant Level 
SMCL - Secondary Maximum Contaminant Level 
* - Florida Surface Water Quality Standard 
- - No standard established] 
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1965 as the approximate start of rubble disposal practices at the site (NEESA 1983). 

Since 1965, construction debris has created rubble piles up to higher than 6 feet at the southern 

portion of the site adjacent to Chevalier Field and the IWTP. At the northern extent of the site, 
the rubble has been placed to form a jetty extending eastward into Pensacola Bay. Smaller 

amounts of debris have accumulated between northern and southern portions of the site. 

Construction materials dumped at the site include concrete blocks and slabs, asphalt, brick and 

mortar, clay and concrete culverts, metal pipes, wooden poles and lumber, and a limited number 

of empty 55-gallon drums (E&E 19910. 

2.3.2 Previous Investigations 

NEESA investigated Site 13 in a basewide 1983 IAS based on historical records review, aerial 

photographs, field inspections, and personnel interviews. [According to the] study, only clean 

fd had been disposed [ofJ at the site, and no danger exist[&] to human health or the 

environment. 

/r 

Site 13 was later investigated during Phase I of a proposed two-phase study between 

October 1990 and October 1991 (E&E 1990c, 19910. In all, 16 soil brings and four temporary 

monitoring wells were completed in the locations shown in Figure 2-5. The borings were 

completed down to or slightly into the water table and composite-sampled for each 5-foot 

interval. The temporary well screens were set to intercept shallow groundwater at the water 

table. Collected soil and groundwater samples were screened for VOCs, polynuclear aromatic 

hydrocarbons (PAHs), phenols, pesticides and total PCBs, TRPH, and metals. 

The Phase I analytical results for soil indicated [an area] of contamination immediately adjacent 

to the IWTP and Chevalier Field (E&E 19910. Elevated [concentrations] of metals, TRPHs, 

F 
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Parameter 

total PAHs, and total phenols were found in soil from borings B004, B005, and B006 east of 

the fenced IWTP compound. Soil from B002 yielded [detected concentrations ofJ metals, and 

to a lesser extent, PAHs. Results are summarked in Table 2-6. Other soil borings yielded low 

or non-detected concentrations. Pesticides, PCBs, and VOCs - aside from [apparent] 

laboratory artifacts - were not found in any of the samples. 

BO02 BO04 BO04 BOO5 BOO5 BOO6 BO06 
0-5 ft 0-5 ft 5-10 ft 0-5 ft 5-10 ft 0-5 ft 5-10 ft 

Source: E&E, 1991f 

Notes: 
L - Present below stated detection limit 
- - Not detected 

Similar to results for soil, Phase I analytical results for groundwater indicated an area of 
contamination adjacent to the WTP and Chevalier Field (E&E 19910. [Tempomry] monitoring 

well TWO02, near Chevalier Field, yielded the highest metals concentrations. [The detected 
concentration of lead in TWO02 exceeded] the FPDWS. TWO07 yielded elevated 
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[concentrations] of PAHs and dichlorobenzenes, 1,  1-dichloroethane, and 1,l -dichloroethene, 

exceeding the FPDWS for the latter. Metals concentrations in other wells were low, except for 

TW016, which exceeded the FPDWS for chromium with 57 pg/L. VOC and 

PAH concentrations in other wells were non-detect. No pesticides, PCBs, phenols, or "RPH 

were detected in any of the wells. [The Phase I analytical results for groundwater samples] 

are summarized in Table 2-7. In addition to [collecting] environmental samples, Phase I 

included several preliminary characterization studies. A surface emission study at Site 13 did 

not indicate appreciably elevated [concentrations] of volatile emissions from the soil or rubble. 

An asbestos survey identified only a limited quantity of asbestos-containing tile material attached 

to some concrete east of the IWTP. A radiation survey yielded background conditions except 

for one reading of 100 pWhr from a [small] piece of [apparently melted] metal [debris] found 

on the shore east of the IWTP (E&E 19910. 

Table 2-7 
Summary of Groundwater Analytical Results (Irgh.1 

Site 13 Phase I Study 

P 
I 
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Benzo-a-pyrene I I I I I I 

Source: [E&E, 1 99 1 fl  

Notes: 
All valuer in parts per billion (ppbl 

FPDWS = 
FSDWS = 
MCL = 
SMCL = 
NS P 

f- 

2.4 

Not Detected 
Action Level 
The secondary maximum contaminant level (SMCL) is 5,000 pglL for zinc and 1,000 pglL for 
copper. 
Florida Primary Drinking Water Standard 
Florida Secondary Drinking Water Standard 
Maximum Contaminant Level 
Secondary Maximum Contaminant Level 
No Standard Established 

1994 - OU 10 Removal Action 
Between September 2, 1994 and May 19, 1995 NAS Pensacola’s PWC Environmental 

Depament executed the work plan, submitted on March 2, 1994, for the removal action of the 
abandoned waste water trement plant at Site 32. In accordance with the work plan PWC 
removed over 619 tons of nonhazardous (as dejined under RCRA; determined through TCLP 
analysis) soil, gravel, and building material debris from the sludge drying be& and the chlorine 

contact chamber at Site 32. In addition PWC also removed approximately 148 tons of hazardous 
(as decfined under RCRA) material contained within the imhofltank at Site 32. The soil was 

excavated using a bulldozer to excavate and stockpile the soil, a backhoe with cement breaker 
to demolish structures, a backhoe to remove materialfrom within the imhofltank and afront-end 

loader to load the soil on dump-trucks. The Navy acted as the primary removal contractor with 
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r 

.F- 

Clark Sand Company acting as a subcontractor to transpon the nonhazardous material to the 
Escambia County Solid Waste Depament's Perdido Land_fill at 13009 Beulah Road, 
Cantonment, Florida The hazardous material subcontractor was Associated Environmental 
Services, Incorporated of Chmanooga, Tennessee. Associared Environmental tramported the 

hazardous material to two separate licensed treatment, storage, and disposal facilities, LWD 
Incorporated in Calvert City, Kentucky and Chemical Waste Management, Incorporated in 
Emelle, Alabama. 

Navy public works used the analytical data supplied by E/A&H to proJile the waste. Five 

samples were collectedfrom the sludge drying bed, one from the chlorine contact chamber, and 
fourfrom the imhoftank. All samples were analyzed forfill TCLPparameters. The material 

from the sludge drying bed and chlorine contact chamber was judged to be nonhQzardous based 

on these results. The materialfrom within the imhoftank was hazardous due to elevated levels 
of cadmium leaching from the material on the north side of the imhofl tank and elevated levels 
of vinyl chloride, trichloroethylene, and cadmium leaching fiom the material on the south si& 
of the tank. The analytical data and other pertinent documents from the removal action are 
contained in Appendix U. 

EM&H acting in an oversight capacity provided personnel to peglorn safety monitoring and 

sample collection aJier the removal action was completed. Samples were taken from the 

excavated area beneath the sludge drying bed and wipe samples were collectedfrom the concrete 

that was lefl onsite. 

Prior to the removal action soil contumination detected within the sludge drying bed included 

a chromium concentration of 4,110 pprn, cadmium concentration of 241 ppm, and lead 

concentration of 756ppm. Apparently these metals were tightly bound to the soil since the TCLP 
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analysis fiom within the sludge drying be& were all negative for these metals. Cyanide 

exceeding the reference concentration of 0.52 ppm was detected in the soil samples collected at 
and aa'jacent to the sludge drying beak lk volatiles TCE was detected at 3 ppb and 

chloroform was detected at 2 ppb within the sludge drying b&. Limited semivolatile 

contamination was also detected in the fomer sludge drying beak. Total pesticides detected 

were 1,185.5 ppb in the sludge drying beak 

Approximately 3 to 4 feet of soil was removedfrom the sludge drying bed and confrmation 

samples from beneath the sludge drying beds contained no detectable VOAs, SVOAs, or PCBs. 
No pesticides or metals detected beneath the sludge drying beds exceeded PRGs. Figure 2-6 

shows the sampling locationr beneath the sludge drying beds and Table 2-8 lists the analytical 
results of the con@ma.tion samples. The excavated material was replaced with clean flllfrom 
the bacwll stockpile. Bacwll material was obtained from the NAS Pemacola baewll stockpile. 
It was analyzed forfill Target Analyte List/Target Compound List (TAL/TCL) parameters. The 
analysis of this soil did not identi3 any contaminants above the PRGs. The analytical data is 
contained in Appendix U. 

r 

The concrete structures from the imhofl tank, sludge drying bed, and chlorine contact chamber 

were steam cleaned with high pressure steam and detergent. The water from the cleaning was 

collected and disposed at the W T P .  The wipe samples were collected afler the structures 
appeared visually clean. The results of the wipe samples are shown in Table 2-9. After the 
samples were collected, the structures were demolished to just below ground su face and filled 

with their own concrete debris and with clean fill from the bac@ll stockpile to approximasely 

the same grade that existed prior to the removal action. The access road was removed to leave 
the site in a natural state 
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0.19J 0.19J 0.39J 0.19J 0.33J 

NO ND NO NO 1.OJ 

Chromium 

Iron 

lead 

16.2 4.7 6.1 11.7 10.0 

ND 33.6 25.0 41 21.4 

0.66 0.47 0.4 0.54 0.65 

Manganese I 0.42 I 0.21 I 0.33 I 0.49 I 0.34 U 1 1  Pesticides (ug/kgl 
4,4 '-00 T I ND I 0.49J I ND I NO I NO I 

Notes: 
NO 
J = Concentration Considered an Estimated Value Only 

= Parameter Not Detected at or Above the Detection Limits 
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Notes: 
NA = Sample Not Analyzed For This Parameter 
NO 
J = Concentration Considered an Estimated Value Only 

= Parameter Not Detected at or Above the Detection Limits 

/- 
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3.0 ENVIR0"TALSETTING 

3.1 Physiography 

NAS Pensacola is located in the Gulf Coast lowlands on a peninsula bounded by Pensacola Bay 

to the south and east and Bayou Grande to the north. The main topographic feature is a bluff 

parallel to the southern and eastern shorelines of the peninsula. Landward of the bluff is a 

gently rolling upland with elevations up to 40 feet above [mean sea level] (msl), [United States 

Geological Survey WSGS] 1970a and 1970b). In the eastern part of the base, a low and nearly 

level marine terrace lies east of the bluff with elevations of approximately 5 feet or less above 

msl [at] Chevalier Field and Magazine Point. 

Sandy soils typify the NAS Pensacola area. Consequently, most rainfall infiltrates directly into 

the subsurface, resulting in few natural streams. Streams on the base are generally man-made 

and channelized. Several natural wetlands [are present] in [the facility's] low-lying areas. r 
3.2 Stratigraphy and Hydrogeology 

3.2.1 Regional Characterization 

Stratigraphy beneath the Florida Panhandle, general, consists of Quaternary terrace marine 

and fluvial deposits, underlain by a thick sequence of interlayered, f i n e - w e d  clastic deposits 

and carbonate strata of Tertiary age ([Southeastern Geological Society [SEGS] 1986). Three 

main regional hydrogeologic units have been defined within this stratigraphic column (in 

descending order): the SurficiallSand-and-Gravel Aquifer, the Intermediate System, and the 

Floridan Aquifer System. Figure 3- 1 provides a generalized cross-section of these hydrogeologic 

units in northwest Florida. 
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Surfcial/Sand-and-Gravel Aquifer 

The Surfcial Aquifer is composed of unconsolidated clastic deposits approximately 300 feet 
thick at NAS Pensacola. Geologically, the Suficial Aquifer correlates with near-surface 

Quaternary terrace marine and fluvial deposits, down to the Tertiary Citronelle Formation 

(SEGS 1986). In northwest Florida, the Surficial Aquifer is referred to as the Sand-and-Gravel 

Aquifer and is used as a major source of drinking water (SEGS 1986). Groundwater of the 

aquifer is classified as a G-1 resource (FDER 1988). Because the Sand-and-Gravel Aquifer is 

the uppermost unit contiguous with land surface and receives recharge through direct infiltration, 

it is susceptible to contamination from surface activities. In the vicinity of NAS Pensacola, the 

unit has been subdivided into three distinct zones based on hydrogeological differences (in 

descending order): the suficial zone, the lower permeability zone, and the main producing zone 

(Wilkins et al. 1985). A generalized cross-section of the SurficWSand-and-Grvel Aquifer 

produced by G&M (1984) [illustrating the stratigraphic relationship of these zones at 

NAS Pensacola is presented in Figure 3-2.1 
f- 

SurjiciuI Zone - The suficial zone is contiguous with land surface and contains groundwater 

under water table or perched conditions. At NAS Pensacola, the surficial zone is approximately 

40 feet to 70 feet thick and is generally composed of a poorly graded quartz sand (G&M 1984, 

1986). Beneath the western side of the base, a substantial stratum of sand with abundant organic 

matter occurs within the zone and pinches out to the east. Depth to groundwater ranges from 

0 feet to 20 feet, depending on ground surface elevation. Aquifer tests have yielded hydraulic 

conductivities on the order of 10 feetlday to 100 feetiday (E&E 1990e). Shallow groundwater 
flow is generally influenced by topography, resulting in flow and discharge to the nearest water 

body. 
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LOW pemehility &ne - The low permeability zone underlies the suficial zone and is 

characterized by clay and silt-sized sediments. At NAS Pensacola, this zone is composed of 

gray to blue, sandy and silty marine clay with some shell fragments, and clayey sands with total 

thickness ranging from 8 feet to 40 feet (G&M 1984, 1986). Studies at NAS Pensacola indicate 

this zone may be continuous beneath the [facility], because the limited number of borings 

completed to the appropriate depth encounter the clays and silty clays. Beneath the western side 

of the base, the zone is interpreted to contain a substantial clayey sand layer [immediately] 

above the clays, which pinches out to the east. Hydraulic conductivities of the low permeability 

zone are much lower than the overlying surficial zone, ranging between the orders of 

lO'feet/day for clays and 10+O feet/day for clayey sands (G&M 1986). Hence the low 

permeability zone acts as a conf i ig  or semiconfining layer to inhibit flow of groundwater 

between the overlying surficial and underlying main producing zones. 

If- 
Main Producing Zone - The main producing zone underlies the low permeability zone 

comprising the bottom portion of the Sur!kiaVSand-and-Gravel Aquifer. Regionally, depth to 

the top of the zone ranges from 60 feet to 120 feet. The zone is composed of sand and gravel 

with thin beds of silt and clay and [is] estimated to be approximately 300 feet thick at 

NAS Pensacola. Of the three zones in the Surfcial/Sand-and-Gravel Aquifer, this [zone] is 
generally the most permeable and is the principal source of water supply for the Pensacola area 

(Wilkins et al. 1985). Three [water] supply wells at NAS Pensacola produce water from this 

zone but only [to] supplement the base water supply due to a high iron content in the [well] 
groundwater (G&M 1984, 1986). NAS Pensacola [primarily] relies on an offsite water source 

from main producing zone wells at Correy Field, located approximately [3] miles to the north. 
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Intermediate System 

The Intermediate System, a regionally and vertically extensive, laterally persistent hydrological 

unit, underlies the Sand-and-Gravel Aquifer. The system is [comprised ofJ fine-grained clastic 

units of Miocene age that lie beneath coarser-grained clastics of the Suficial Aquifer above. 

In the vicinity of NAS Pensacola, depth to the top of the unit is approximately 300 feet with 

a[n overall unit] thickness of approximately 1,100 feet (Wilkins et al. 1985, SEGS 1986). The 

system is regionally characterized by poor to non-water-bearing conditions. Permeabilities are 

much lower than the overlying Sand-and-Gravel Aquifer; consequently, the system functions as 

a c o n f i i g  unit for the underlying Floridan Aquifer System (SEGS 1986). 

Floridan Aquifer System 

The Floridan Aquifer System underlies the Intermediate System at an approximate depth of 

1,400 feet in the NAS Pensacola area. The unit is composed predominantly of limestone, but 

is separated into upper and lower units by a significant layer called the [Bucatunna] Clay (see 

Figure 3-1). Groundwater within the Floridan System is highly mineralized in the area of 

NAS Pensacola and is not used for water supply (Wagner et al. 1984). mowever, 

approximately 25 miles east of NAS Pensacola (Navarre area), groundwater from the Upper 

Floridan Aquifer is used for water supply.] 

f- 

3.2.2 Site-Specific Stratigraphy and Hydrogeology 

Stratigraphy 

Investigations at OU 10 have been limited to the Suficial/Sand-and-Gravel Aquifer. Borings 

have been completed in the surficial zone, low permeability zone, and the upper portion of the 
main producing zone. Boring logs indicate the suficial zone is composed of white to light 

brown, fine to medium quartz sand, extending to a depth of approximately 38 to 48 feet bgs. 

Depth to groundwater ranges from 0 to 4 feet bgs, depending on tidal influence and ground 
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surface elevation. The low permeability zone has been encountered in all borings extended to 

the anticipated depth of interception. Thickness [of this zone] has varied from approximately 

8 to 18 feet. Boring logs indicate the stratum [is] composed of gray to dark blue/green clays 

and silty clays with shell and wood fragments. The main producing zone has been encountered 

at approximately 55 feet to 60 feet bgs beneath OU 10. Boring logs indicate that the upper 

portion of the zone is composed of fine- to medium-grained sand. [This discussion on 

stratigraphy is from G&M 198% and E&E 199ld; additional discussion on site-specific 

stratigraphy based on this investigation is included in Section q. 

Hydrogeology 

[This discussion on hydrogeology is from G&M 198% and E&E 1991d; additional 

discussion on site-specific hydrogeology based on this investigation is included in Section q. 
Previous studies have defined shallow, intermediate and deep groundwater "zones" within the 

Sand-and-Gravel Aquifer. Aquifer tests have shown signifcant differences in hydraulic 

conductivities between the shallow and intermediate zones over a limited area within the 

IWTP yard. However, these "zones" do not necessarily correlate to any [physical] separation 

in stratigraphy, [such as a confining or semi-confining unit,] as evidenced by boring logs. 

Moreover, they should not be confused with the regional hydrogeological zones of the Surficial 

Aquifer described above. Rather, the shallow, intermediate, and deep "zones" refer to three 

general depths at which monitoring wells have been completed at OU 10. Therefore, this report 

shall refer to them as "depths. 'I 

Figure 3-3 shows the three well completion depths established at OU 10 [for Geraghty and 

Miller wells] in relation to the geological strata. All three monitoring depths are present within 

the Sand-and-Gravel Aquifer with shallow and intermediate depth monitoring wells completed 

within the surficial zone. The shallow wells monitor conditions near the water table, whereas 
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the intermediate wells monitor conditions at the base of the surficial zone immediately above the 
underlying clays and silts of the low permeability zone. Recovery wells have been completed 

at depths similar to [those of the] intermediate monitoring wells. Deep monitoring wells are 

completed through the low permeability zone into the uppermost portion of the main producing 

zone. Groundwater flow studies at the site have involved potentiometric mapping of the three 

well completion depths. Available studies from the past eight years show shallow groundwater 

[flow] under natural conditions [mimicking] peninsular topography [with flow] radiating to the 

north, east and west from the southern central portion of the peninsula. One study conducted 

immediately southhoutheast of the WTP [(bilge water treatment plant)] indicated a local 

southeast flow apparently influenced by a wetland drainage system (GTI 1993). Discharge is 

east toward Pensacola Bay and west toward Bayou Grande. Groundwater flow within the 

[surfkial zone] has been influenced [inferably] in the past by the seven-well recovery system, 

yielding [flow] locally [redirected to the] recovery wells. High withdrawal rates during 1987 

and 1988, avemging 1.86 million gallons per month may have caused a marked effect, whereas 

lower withdrawal rates of later years, apparently due to decreasing well efficiencies, have shown 

little to no effect (G&M 1988c; E&E 1992b; E&E 19924). 

l P 

Historical da@ for intermediate and deep groundwater flow are limited by the [few] wells 

completed at those depths. Intermediate groundwater has yielded variable flow patterns trending 

east to southeast toward Pensacola Bay. Deep groundwater flow is reported to vary widely with 

time between trends toward the east, north, and south. 

Comparison of water levels between the studied depths shows a consistently downward hydraulic 

gradient from shallow to intermediate [providing a potential for] shallow groundwater 

[migrating] downward toward the intermediate depth. An upward gradient is generally observed 

from deep to intermediate groundwater, [indicating] deep groundwater within the uppermost 
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portion of the main producing zone is confined or semiconfined by the overlying clays and silts 

of the low permeability zone. 

Aquifer tests conducted in March 1990 indicated marked differences in permeability between the 

shallow, deep and, intermediate completion depths (E&E 1991e). Average calculated 

permeabilities are [listed] below. 

Surficial Zone 

Shallow depth 

Intermediate depth 

Main Producing Zone 

Deep 

Average Permeability 

23.15 ft/day 

0.50 ft/day 

13.52 ft/day 

The intermediate depth, or lower surfcial zone, shows a permeability two orders of magnitude 

lower than the shallow or deep levels, although boring logs indicate soils of all three depths are 

made up of medium- to fine-grained sand. [Additional interpretative discussion concerning 

sitespecific hydrogeology, based on the findings of this investigation, is presented in 

Section 6.1 

3.3 Ecological Setting 
3.3.1 Regional Setting 

Surface waters and physiographic regions [vary widely in the Florida Panhandle], leading to 

an ecological diversity found in few other areas of the United States. [Panhandle] watersheds 

support a diverse array of habitats and vegetative communities. Bottomland hardwoods 

predominate in river floodplains; pines mixed with a variety of other shrubs prevail in upland 

areas. Wetlands are prevalent along the coastal fringe and river floodplains. Barrier islands 
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support dune vegetation communities and saltmarshes. Bays support seagrass meadows; oyster 

reefs are present in intertidal and subtidal areas (Wolfe et al. 1988). 

Seven major rivers in the region discharge into seven estuaries formed [by bars] at the mouths 

of the rivers. The Florida Panhandle is a crossroads where animals and plants from the Gulf 

Coastal Plain reach their eastward distributional limits, and many northern species reach their 

southern limits. Many peninsular Florida species [are also present]. Due to the wet temperate 

climate, the Panhandle may support the highest diversity of species of any other similar-sized 

territory in the United States (Wolfe et al. 1988). 

The high annual rainfall and low, gently sloping terrain [results in abundant] bogs, swamps, 

marshes, wet prairies, and wet flatwoods supporting a wide variety of flora and fauna. 

Terrestrial vegetation includes open pine woods and hardwood forests; most are second-growth 

forests of pines and encroaching hardwoods (Wolfe et al. 1988). 
r- 

The estuaries and nearshore marine habitats of the Florida Panhandle are some of the greatest 

natural and economic assets of the region. Important commercial organisms such as oysters and 

fish abound in these areas and contribute to the [region’s] economy. Coastal saltmarsh habitats 

provide critical nursery, feeding, and refuge areas for these important commercial species. 

Seagrass beds within estuaries are also vital to the maintenance of the seafood industry 

(Wolfe et al. 1988). 

3.3.2 NAS Pensacola Setting 

NAS Pensacola facility [occupies] approximately 5,800 acres [and] is bounded by Bayou Grande 

to the north and Pensacola Bay to the east and south. On the west, the installation abuts a less 

developed portion of Escambia County [typified by] swampy lowland. The eastern portion mas 

c 
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been] largely developed [into] military and industrial facilities and historical/cultural sites. Most 
of the installation's activities are on the eastern side of the base. The west side of the base [is 

made up ofl approximately 3,500 acres of natural or semi-natud beaches, forests, and 

[possible] wetlands. 

NAS Pensacola is the setting for numerous, widely varied aquatic and terrestrial habitats from 

coastal strand and estuarine environments along the bay and bayou to inland pine flatwood 

communities. Wetland environments include a broad spectrum of both estuarine and palustrine 

[types], as well as various disturbed habitats. m n y  of the disturbed habitats are in 

recovery, undergoing reforestation or otherwise returning to their natural condition.] 

Vegetation Communities 

Natural vegetation communities on NAS Pensacola fall into several broad categories: (1) coastal 

dune scrub communities, (2) pine flatwood communities, (3) hardwood/pine communities, 

(4) sand pine scrub communities, (5 )  bay swamps, (6) freshwater marshes, and (7) estuarine 

coastal marshes (United States Fish and Wildlife Service WSnVS] 1987). 

f- 

Coastal dune scrub communities are associated with shorelines subject to high-energy waves. 

The vegetation consists of salt-tolerant plants able to establish themselves in shifting sands. Pine 

flatwood communities in coastal lowlands are characterized by trees which can tolerate various 

soil moisture conditions. Tree species in flatwood communities are short, with a wide variety 

of small shrubs and herbaceous plants in the understory. Hardwood/pine communities [are a] 

high[ly] divers[e] mixture of hardwood trees and pines. Sand pine scrub communities occur [in 

areas ofJ well-drained sandy soils. Sand pines, oaks, and various shrubs grow within these 

communities. Bay swamps include [both] titi and cypress. These swamp forests are noted to 

contain permanent standing water and high accumulations of organic peat. Freshwater marshes 
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(grass/sedge/rush/herb communities) grow in areas with high soil saturation or standing water. 

Estuarhe coastal marshes, including salt marshes, [are present] along low-energy shorelines and 
in tidal bayous (USFWS 1987). 

Wildlife 

NAS Pensacola [habitats] potentially provide ranges for a wide variety of animal life [such as] 

deer, squirrel, opossum, raccoon, fox, beaver, and bobcat. The beaches along the station serve 

as resting, feeding, and nesting areas for various shorebirds. Ospreys have been observed 

nesting along undeveloped shoreline areas of the Big Lagoon located southeast of the Forrest 

Sherman Mie ld .  Numerous small mammals, amphibians, and reptiles also inhabit the base]. 

The coastal marsh, submerged grass bed, and shallow water habitats associated with 

NAS Pensacola help support approximately 180 species of bony fishes in the Pensacola Bay 

f- [estuarine complex] (VSFWS 1987). 

Threatened and Endangered Species 

The work plan [completed by E&E] references the rare, threatened, and endangered species 

which may be found within the NAS Pensacola boundaries (E&E 1992a). A more recent 

investigation identified the following threatened or endangered species known to live on the 

NAS Pensacola facility by the Florida Natural Areas Inventory (FNAI 1992): osprey, 

spoon-leaved sundew, large-leaved jointweed, and white-top pitcher plant. 

3.4 Climate 

NAS Pensacola has a mild, subtropical climate, with average annual temperature ranges from 
55°F in the winter to 81 O F  in the summer. Temperatures can be more extreme, ranging from 

less than 7°F in the winter to more than 102°F in the summer. Thunderstorms. which occur 
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on approximately half the summer days, can cause a precipitous drop in temperature of 10 to 

20 degrees in a matter of minutes (E&E 1992a). 

November is the driest month of the year, with an average rainfall of 3.2 inches, based on 

climatological data from 1962 to 1991. Annual rainfall averages approximately 60 inches, with 

the highest amounts in July and August when thunderstorms [occur] almost daily. 

Thunderstorms resulting in 3 inches to 4 inches of rain in an hour are common. Rainfall is 

lowest during spring and fall (4 inches average per month). In general, spring and fall r a i n s  are 

less intense, last longer, and produce less surface runoff, but at higher rates of infiltration and 

net recharge [to the groundwater] (E&E 1992a). 

Winds, which prevail from the north during the winter and the south during the summer, are 

generally moderate in velocity, except during thunderstorms. A difference in the ocean-land 

temperature produces a daily clockwise rotation in the direction of the surface wind near the 

coast, known as the sea-breeze effect. Hurricanes and tornadoes can substantially damage the 

nearshore environment. Since 1980, six hurricanes have passed within 50 miles of Pensacola. 

r" 

3-14 
wold items in brackets denote changes 

to the first draft of document.] 



Draft Final Remedial Investigation Report 
NAS Pensacola Operable Unit I O  ana' Site 13 

Section 4 - Preliminary Investigations 
October 14, 1994 

4.0 PRELIMINARY EWESTIGATIONS 

4.1 Aerial Photographs Analysis 

Aerial photo[graphs] of Magazine Point Peninsula from 1951 to 1992 were studied for this 

investigation. Photo[graphs] from the 1950s show the peninsula as relatively undeveloped 

wood[s]. A small [domestic] wastewater treatment facility was [visible] approximately 350 feet 

north of the present-day IWTP. An apparently unpaved runway extension northward from 

Chevalier Field went through the western portion of the present-day IWTP. Landmass at the 

[peninsula's] northern tip was appreciably smaller than at present with [its] tip approximately 

500 feet south of its present boundary. Ammunition bunkers were already in place, as well as 

some of the present-day access roads to the bunkers and the small [wastewater] treatment plant. 

A southern east-west trending ditch was in place south of the IWTP and north of Chevalier 

Field, apparently for the air field drainage. 
r" 

By 1961, the domestic portion of the present IWTP was in place, including the laboratory- 

operations building, treatment tanks, and domestic sludge drying beds. No maintained roads led 

to the old [WWTP], indicating it was probably no longer in use. The southern drainage ditch 

appears to have been bermed at the Pensacola Bay shoreline, apparently due to coastal beach 

deposition. Photographs from the 1960s indicate the introduction and accumulation of rubble 

along Site 13, particularly east of the IWTP and at the northern tip of Magazine Point. The 

[construction debris] jetty at the point [stabilized] the point and [beach] from coastal 

sedimentation along its east shoreline. 

By 1970, the IWTP was under expansion with the construction of the industrial wastewater 

treatment facilities including the [ISDBs] and surge pond. The northward runway extension was 

no longer maintained, with vegetation reclaiming the cleared area. By 1973, [industrial 

.- 
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wastewater was being treated,] with the stabilization pond and polishing ponds filled with 

water. A present-day north-south ditch provid[ingl drainage [to the] south had been constructed. 

No changes in the IWTP or its environment are apparent until the 1981 photo[graph showing] 

the addition of a few treatment tanks, including the flocculation tank immediately south of the 

surge pond. The 

rotor-testing facility may also have been under construction. 

By 1983, the sludge press building and loading area were in place. 

In 1986, the stabilization pond, surge pond[, and ISDBs, which were still filled with sludge,] 

appear to have been active. The domestic beds appear to have been inactive and cleared of 

sludge. By 1989, the ISDBs and surge pond were closed and capped. The present-day surge 

tank west of the surge pond had been constructed. The helicopter rotor-service building had 

[also] been constructed southwest of the IWTP with the diversion and reconstruction of the 

access road from Chevalier Field to the IWTP. 
r" 

The 1992 photo[graphs] show the appearance of the bilge water treatment plant in its present 

configuration south of the IWTP. Appreciable vegetation had grown inside the unused 

stabilization and polishing ponds. 

4.2 Site Reconnaissance 

A physical r e ~ o ~ a i s ~ a n ~ e  of OU 10 was undertaken in the early stages of field activity during 

October and November 1992, concurrent with preparatory work for the field investigation. The 

following is a discussion of observed site conditions. 

pefer back to] Figure 2-2, [which] presented an overview of the area covered in the site 

reconnaissance. For simplicity, the site may be divided into three general areas of use and 
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setting: (1) the area south of the perimeter fence of the IWTP, including the bilge water 

[treatment] plant, [potential] wetlands, and woods, (2) the IWTP main facility area enclosed 

within the perimeter fence, and (3) the area north and northwest of the fenced IWTP area, 
dominated by woods. 

4.2.1 Area South of the IWTP 
Figure 4-1 depicts the main facility and adjacent areas north and south [of it]. The area south 

of the IWTP is characterized by low-lying, swampy conditions, heavily wooded except where 

cleared for construction of the bilge water [treatment] plant to the east, and to the west where 

a large ill-defined rectangular depression was possibly used for drainage. Soil is organic-rich, 

gray/white quartz sand with areas of fill along access roads and south of the drainage ditch. The 

southern area is bounded to the east by the piles of earth and debris from Site 13 activity, to the 

south by the drainage ditch, and to the west by the access road to the IWTP. The helicopter 

rotor-testing facility abuts the drainage ditch south of the site, and the rotor-service building 

abuts the area to the west. 

1 /c 

During recent fieldwork, effects of a March 1992 waste oil release from the bilge water 

[treatment] plant were evident. Most heavily affected was an [approximately lOO'xlOO'] area 
north and west of the bilge water [treatment] plant. Soil was stained, [potential] wetland 

surface waters were oil-laden, and a permeating [petroleum] odor persisted. Failure of a 
valved] discharge pipe [was the] source of [the release. The release resulted in] surface 

drainage [of waste oil over this area and] into an extension of the [potential] wetlands 

approximately 30 feet northeast of the pipe. Considerable oil sheens were observed in surface 

waters beyond the oil-laden areas immediately adjacent to the drainage ditch south of the plant. 
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4.2.2 Main Facility Area 
The main facility area is generally topographically higher than the swampy area to the south, 

and [is] dominated by fill and development associated with the IWTP (Figure 4-1). 

The main structures associated with the plant are: 

The two RCRA clean-closed former polishing and stabilization ponds 

A raised field underlain by a clay cap of the RCRA-closed former surge pond 

The present above-ground surge tank 
The lab and operations office 

The chemical storage area with above-ground chemical storage tanks 

The asphalt cap of the RCRA-closed former WDBs] 

The unused former domestic sludge drying beds 
Various treatment-related holding tanks located principally around the operations office 

Two ammunition storage bunkers 

Several pump houses [serving] the groundwater recovery system, in addition to numerous 

monitoring wells. 

Surface soil is characterized by gray to light brown, barren to organic-rich quartz sand. Much 

of the surface has been disturbed by site construction and activity. Large amounts of fill, 
composed of quartz sand along with silty, clayey sand [are mounded into berms] 4 feet to 

7 feet high around the closed stabilization and polishing ponds. An extensive plateau of fill 
5 feet to 6 feet high occupies the [former surge pond] location and associated berms. 

Vegetation is generally limited to grasses within the fenced area of the IWTP. In several areas, 

grasses are sparse; [where grass is absent,] a loose organic-poor sand [is exposed]. Thick 
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woods abut the perimeter fence along the northwestern and northern extensions of the IWTP and 

encroach [into] the fenced yard in the northeast. Marsh vegetation has colonized the closed 

stabilization and polishing ponds, overrunning the western pond. 

Surface drainage appears to be minimal over most of the site, likely due to high infiltration into 

permeable soil. However, erosional channels in the steeply sloped berms and flanks of the three 
former ponds indicate surface runoff down the flanks of these structures. A network of 

erosional channels along the northern flank of the closed surge pond suggests the clay cap 

[prohibits] rainwater infiltration, resulting in surface water flow northward toward the IWTP 

entrance road. North of the entrance road, the asphalt cap of the closed [ISDBs] slopes 

southward, resulting in general southerly surface runoff from the asphalt area toward a sump 

intake to the industrial wastewater treatment system near the chemical storage area. 

[On the northeast side] of the asphalt capped beds is a shallow low-lying drainage swale. [The 

swale] appears to originate at the intersection of the asphalt cap area and an access road through 

the northeast portion of the main facility. The swale trends and broadens to the northeast, 

suggesting it may have channelled surface water in that direction at one time. However, at 

present the southwestern portion is slightly deeper and was [observed] holding 2 [inches] to 

3 inches of standing water after [several] heavy rains, with standing water extending onto the 

low-lying asphalt intersection. 

f- 

Surface waters at the IWTP include a channelized drainage ditch in the south central portion of 

the IWTP which drains water from the low-lying area between the former stabilization and 

polishing ponds southward toward the wooded [potential] wetlands west of the bilge water 

[treatment] plant. Water [pools] in the channelized drainage ditch [intermittently] after rain. 
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Standing surface waters were observed [during all seasons] in the bottoms of the closed, 

cement-lined stabilization and polishing ponds to depths of approximately 6 [inches] to 8 inches. 

The chemical tank storage area was bermed and there were no [visible] signs of chemical 

releases to the environment. Minor oil staining was visible in limited patches around the bermed 

waste oil storage tanks associated with the industrial primary clarifier immediately west of the 

laboratory/operations building. A patch of gray-white powder and flakes mixed with surface soil 

was [observed] adjacent to a submerged [access] valve at the No. 2 chemical mixing tank 
immediately south of the former surge pond. 

The surge tank and several of the concrete holding tanks bore numerous sub-vertical cracks in 

their outer walls. Appreciable amounts of dried sludge in the concrete containment berm around 

the surge tank apparently represented sludge collected from leakage [through] these cracks. Soil 
staining around the surge tank was not apparent. A patch of a hardened sludge/soil surface next 

to the primary clarifier beneath some outer piping suggested [leakage or a spill]. 

f- 

Pressure filters associated with the chlorine contact chamber were [observed discharging] water 

to the ground on several occasions [during the site investigation]. The chlorine contact 

chamber was seen overflowing onto the ground [on one occasion during the site investigation]. 

However, soil around these process areas was not visually impacted. The wooded section inside 

the northeast comer of the fenced yard contained construction and industrial debris, as well as 

other materials now largely hidden behind and under thick overgrowth. These materials included 

an industrial refrigerator, bed frame, rusted metal pipes, pallets, and other metal refuse. A 

%-gallon drum, upright with unknown content, was observed approximately 20 feet east of 

monitoring well GM-7 1. 
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Debris piles from Site 13 border the eastern extent of the main facility area. Piles of moved 

earth and construction debris rise as high as 10 feet above the general level of the IWTP. 

4.2.3 Area North of the IWTP 

The area is characterized by low-lying, swampy conditions with thick underbrush and forest 

(Figure 4-1). An extensive [potential] wetland lies north and west of the closed [ISDBs], with 

land surface dropping 2 [feet] to 3 feet in those directions. The lowest-lying channels of the 

[potential] wetland appear to run north-south, parallel to the long axis of the peninsula. 

Standing water within the [potential] wetland varied from zero to approximately 1-foot deep 

during site investigation. Surface soil [is organic rich and includes] a light gray quartz sand 

with a surface [humus] layer in many [locations]. 

f- Fill material covers a portion of the [potential] wetland immediately north of the lWTP 

perimeter fence and the northeast trending swale by the closed [IsDBs]. The area of fiU is 

approximately [1OO’x1OO’x3’] and slopes off sharply into the [potential] wetland at its perimeter. 

A forest soil cover and partly vegetated surface indicate [the] infilling was not recent. 

The primary [structure] of note in this area is the old domestic m T p 1 ,  in the center of the 

peninsula approximately 400 feet north of the closed [ISDBs]. Currently it [comprises] an 

[Imhoff tank and sludge drying bed.] The [structure] is heavily overgrown. A rusted drum, 

overturned, crushed, and partly submerged, was found approximately 200 feet east of the old 

facility. Visible signs of staining or contamination were not [observed at either location]. 

The main access road [extends toward] the northern point of the peninsula. Two ammunition 

bunkers and two ammunition supply houses are located [along the road] in several [fenced] 

grassy fields. 

F 
I 
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Approximately 1,800 feet north of the intersection of the main access road and the IWTP 
entrance road, a low fence, small abandoned shelter, and feed trough indicate a former 

livestock-raising site. Approximately 2,400 feet north of the intersection, the remnant road from 

the eastern side of the peninsula joins the through road as the peninsula narrows. Land surface 

is slightly higher, typified by dry woods, with a prominent sand bluff up to 5 feet high east of 

the through road, paralleling the eastern shoreline. 

Site 13 is encountered along the eastern extent of the northern wooded area. Scattered dumped 

rubble, concrete, asphalt, and shore-washed garbage typify the shoreline conditions. The 

quantity of dumped material decreases northward from the IWTP. This trend is reversed, 

however, at the northern extent of the peninsula, where an extensive area of recent dredge spoil 

and older construction debris [(used to stabilize the inlet] is encountered. Figure 4-2 shows 

the location [of the dredge spoil dumpingl. Sand dredged from Bayou Gmde covers an area 

approximately [700’x300’] to an average thickness of 3 [feet] to 4 feet above gmde, with the 

perimeter piled up to 5 [feet] or 6 feet, forming a bowl shape. The dominant type of material 

is a shelly quartz sand with abundant hardffl (bricks, concrete, etc.). Four [depressions] in the 

sand are filled with clayey, dark brown bay-bottom [spoil]. Two of the [depressions] are 

ill-defined and mostly covered with apparently windblown [sand]. The other two [depressions] 

are prominent, approximately [200’x60’~3’], and [6O9x40’x3’]. Thickness of the [spoil] in these 

[depressions] is unknown, [but could not be more than 2 feet to 3 feet thick based on the 
thickness of the dredge spoil]. 

r 

4.3 Contaminant Source Survey 

A contaminant source survey of OU 10 was conducted [before field activities began] to 

determine past and present site activities or Occurrences related to any known or suspected 
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release of contamination to the environment, and to delineate any areas of potential former 

and/or present sources of contamination. 

Contaminant Source Survey Components: 

0 

0 

A review of previously reported site history. 

A review of available, applicable documents and records of site contamination and waste 

handling in NAS Pensacola fdes. 

A review of site operational and utility plans. 

Interviews with NAS Pensacola employees involved with environmental coordination or 

operation of the I"P. 

0 

4.3.1 Waste Stream and Chemical Treatment 

Available operational plans of the facility are [schematics] and do not represent the actual 

ground location of its various components (Navy [pwc] 1990/1991). However, comparing 

schematics with [the] field location of buildings and treatment tanks allows for interpretation of 

the IWTP layout and waste streams. Figure 4-3 presents a flow diagram of the IWTP waste 

streams.] The IWTP accepts and treats industrial and domestic wastewaters through separate 

facility units. Individual streams of the two effluents enter the [plant] through two main 
underground pipelines. Sludges from both processes are thickened, pressed, and loaded for 

shipment offsite. Final treated waters from both domestic and industrial processes are 

[discharged] approximately 1 mile into Pensacola Bay via a final effluent discharge pipe. 

r' 

Prior to 1989, industrial wastewaters in various stages of treatment were [confined] in large, 

open surface impoundments which are now closed. These [impoundments] were identified, 

sequentially in the treatment process from untreated to most treated, as the surge pond, 

4-1 1 
[Bold items in brackets denote changes 

to the first draft of document.] 



? 

GRIT INDUSTRIAL 
WASTE PUMP- 

- CHAMBER 
- 

IN DUSTRIAL INFLUENT 

SURGE 
BAS IN FLOCCUIATOR 

- 
/ INDUSTRIAL COMBINES 

DOMESTIC 

GRIT DOMESTIC 
CHAMBER 5, PRIMARY 

ClARlFlER 

1 

CHLORINE 
CONTACT 
CHAMBER 

LIQUID DOMESTIC 
SLUDGE APPLIED TO 

AIRFIELD SITES 

1 

CHLORINE 
DESTR UCTl ON 

CHAMBER 

PRESS 

HAZARDOUS WASTE 
SLUDGE TO TSD 

REMEDIAL INVESTIGATION 

OPERABLE UNIT 10-SITE 13 
NAS PENSACOM 

FIGURE 4-3 
FLOW DIAGRAM OF THE 

IWTP WASTE STREAM 

DWG DATE 1 1 /09/93 I DWG NAME: 048FLCHT 



Draft Final Remediul Investigation Report 
NAS Pensacola Operable Unit 10 and Site I3 

Section 4 - Preliminury investigations 
October 14, 1994 

stabilization pond, and polishing pond, Separated industrial and domestic sludges were placed, 
respectively, in the now closed [ISDBs] and the domestic sludge drying beds. A small 

wastewater treatment [plant was abandoned] approximately 400 feet north of the former 

[ISDBs] in the northern wooded area (Figure 4-4). The old structure consists of a sludge drying 

bed and [an Imhoff tank]. The facility reportedly handled only domestic waste (Joyner, 

[personal communication,] 1992). 

Industrial wastewaters accepted by the IWTP have been previously documented to contain high 

concentrations of organic solvents, phenols, chromium electroplating wastes containing cyanide 

and several heavy metals, and wastes from an on-base chemical conversion coating process for 

aluminum (=E 1992a). Chemicals currently used in the treatment process include chlorine gas, 

sulfur dioxide gas, sulfuric acid, hydrated lime, aluminum sulfate, sodium chlorite, hydrochloric 

acid, cationic polymer, and anionic polymer (Taylor, [personal communication,] 1992). The 

IWTP manager (Taylor) [stated] these have always been the chemicals used at the IWTP, 

because] the treatment process has not been changed. 

r 

4.3.2 Former RCRA Impoundments 

Figure 4-4 shows the locations of the former main RCRA impoundments: the former 

[ISDBs] (Site 32), and the three P T P s ]  (Site 33). As summarized earlier, the former surge 

pond [prompted] the initial RCRA-driven investigation of the IWTP in the 1980s. RCRA 
detection monitoring determined the surge pond [to be] releasing contaminants to the 

groundwater. Large volumes of industrial wastewater w e n  estimated to have been released to 

the ground daily during its operation. Investigation of the [ISDBs] and the intermediate and 

polishing ponds, initially driven by state [of Florida] regulations for general pollution from 

industrial sources, indicated groundwater contamination associated with the ISDBs. Upon 
RCRA closure of the surge pond and ISDBs, soil beneath both units was excavated down to 
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[the] water table (Pike, 1992). Samples from the [base] of excavation were found to be 

contaminated with chlorinated BNAs, petroleum VOCs, and cyanide. [This soil] has not been 

removed and is [located] beneath RCRA-imposed low-permeable caps. Upon closure of the 

stabilization and polishing ponds, soil beneath those units was found to be only slightly impacted 

with phenols. [This] soil remains in place beneath the cement bottom linings of the two ponds. 

Interviews with IWTP personnel indicate sludge was periodically piled high above grade in the 

[ISDBs] and leaked over or through the retention gates of the beds onto the surrounding ground 

(G&M 1988b, IWTP personnel 1992, 1993). During a 1983 dewatering operation, the sludges 

in the ISDBs reportedly dried in a matter of days as compared to weeks [during] normal 

[operations. Therefore, during normal operations, the sludges may have been in contact 

with the water table (G&M 1988b)l. 

r A temporary industrial sludge pond was used in 1979 for emergency storage due to overloading 

of the ISDBs (NEESA 1983). The location of the pond was not reported. When the emergency 

pond was removed from service and disassembled, the plastic which had lined the base 

reportedly had several tears. 

4.3.3 Domestic Sludge Drying Beds 
A recent re-investigation of site history showed the [WWTP] was accepting wastewater from 

plating operations prior to the 1971 construction of an industrial wastewater treatment component 

of the plant (NEESA 1983). Consequently, the domestic sludge drying beds were most likely 

receiving mixed industrial and domestic sludges for an unknown period of time (Figure 4-4). 

In 1978, five years after the industrial wastewater treatment system was reportedly online, the 

FDER found the domestic sludge to be hazardous, apparently with respect to chromium, and 

required [the sludge to be] disposed of in the same manner as the industrial sludge 
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(NEESA 1983). The chromium levels later subsided, allowing the domestic sludges to be 

applied to grassy areas next to Forrest Sherman Field. 

4.3.4 Reported Releases 

Several contamination releases at the IWTP [or at adjacent facilities] have been reported, as 

discussed below. 

Sulfuric Acid Spill - Approximately 2,200 gallons of sulfuric acid [spilled] in 1983 near the 

northeast comer of the surge pond (Figure 4-4). Aside from efforts to absorb and neutralize the 

spilled fluid and wash down the contamination onto sandy areas, apparently no corrective-action 

measures of contaminated soil removal were taken. Site inspection [showed] the areas of the 

spill to be sandy and grassy and most likely very permeable. In 1988, [G&MJ found that the 

intermediate [depth ofJ groundwater had been impacted by the acid spill (G&M 1988b). r 
Leaking USTs - A leaking fuel oil [USTJ was reported in 1989 at Building 3810 of the 

rotor-testing facility (ABB ~nvironmental Services [ABB] 1992) (Figure 4-4). The 

rotor-testing facility is south of OU10. In December 1989, the 500-gallon tank [serving] the 

building heater was filled and then noted to be empty shortly thereafter. In 1990, the tank was 

removed and a soil sample from the tank bed registered a TRPH concentration greatly exceeding 

state [guidelines]. In 1992, ABB conducted a contamination assessment of the affected area 
[involving] soil and groundwater sampling. Apparently the drainage ditch surface waters were 

not sampled. [Approximately 17 cubic yards were identified as "excessively contaminated" 

with an Organic Vapor Analyzer (OVA) readings greater than 50 parts per million (ppm)]. 

Groundwater sampling in February and April 1992 indicated groundwater contamination 

[declining] from above state target levels for five petroleum contaminant groups down to one 
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~ 

(TRPH, 14 ppb) (ABB 1992). The assessment report recommended no corrective action and 

there is no information to indicate the excessively contaminated soil [was] removed. 
J 

Two USTs are reported to have been in service at the I"P. A 2,500-gallon tank held waste 

oil skimmed off the industrial primary clarifier, and a 5,000-gdon diesel fuel tank was used for 
the site emergency generator (Figure 4-4) (Campbell, [personal communication,] 1993). The 

tanks were located west and southwest, respectively of the laboratory/operations building parking 

lot. The waste oil tank was removed in January 1992 and the generator fuel tank was removed 

in late 1991 (Campbell, [personal communication,] 1992, Johnson, 1992). 

Industrial Waste Line Breach - In February 1992, an underground industrial waste line near 

the northwest comer of the former polishing pond was breached during excavation by a 

subcontractor (Campbell, [personal communication,] 1992) (Figure 4-4). The magnitude of 

the release was not determined. A [PWC] crew responded immediately and [fiued] six 

55-gallon drums [with] waste [and stained soil] which were [then] transported to a hazardous 

waste landfill. 

f" 

Bilge Water Waste Oil Spill - In March 1992, a 3,000-gaUon release of waste product 

occurred at the bilge water [treatment] plant (Campbell, [ g e r ~ o ~ l  communication,] 1992) 

(Figure 4-4). The oily waste spilled into the soil and surface waters of the surrounding 
[potential] wetland. PWC installed oil socks and sump pumps to recover as much of the waste 

product as possible. The area was still heavily impacted during the fieldwork of the present RI, 

as discussed in the Physical Site Reconnaissance Section of this report. A contamination 

assessment of the area was undertaken by [G'lrrJ during the same time as this m. The 

investigation involved sampling groundwater, surface water, and soil in the affected area. 
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Laboratory analyses indicated high levels of petroleum [compounds] in soil near the point of 

release, but low levels of contamination in groundwater and surface water (see Section 2.2.1). 

Groundwafer Discharges - Two dewatering openitions for construction were reported during 

the 1980s. The water table was lowered via well point withdrawal systems east of the southern 

portion of the ISDBs in 1983 to construct sludge-thickening tanks, and immediately north of the 

former surge pond in 1988, presumably for construction of the present surge tank 
(G&M 1988b). Retrieved groundwater from the 1983 dewatering was discharged to the wooded 

area west of the ISDBs. The discharge reportedly smelled strongly acidic, and later the 

vegetation in the discharge area either died or defoliated (G&M 1988b). Retrieved groundwater 

from the 1988 dewatering was discharged to the polishing pond (G&M 1988~). A coincidental 

order of magnitude increase in VOC concentration in shallow well GM-62, located near the 

polishing pond, was observed and proposed to be an effect of the discharge. 7- 

Surge Tank - Leakage occurred from the present surge tank during an initial integrity test in 

1988 when [it was] fded with water. The leaks were reportedly sealed before the surge tank 
was put into service (Pike 1992). The site reconnaissance of this study [identified] numerous 

sub-vertical cracks in the concfete walls of the surge tank and other holding tanks. Many of the 

cracks bore unidentified residues along their courses, and amounts of dried sludge had collected 

in the concrete berm surrounding the surge tank. 

Chlorine Contact ChambersPressure Filters - Overflow and discharge of water in the final 

stage of treatment from the chlorine contact chamber and pressure filters were observed by 

E/A&H personnel, as discussed in Section 4.2.2. 
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4.3.5 Site l3 
The deposition of clean fill material such as building rubble, asphalt, bricks, metal, concrete, 

and wood along the eastern shore of Magazine Point Peninsula has been previously documented 

(WE 1991~). Materials were largely disposed along the southern portion of the site east of the 

IWTP and southward. The volume of materials disposed and duration of disposal practice are 

not known. 

In late summer/early fall of 1992, a large volume of dredge spoils was deposited over the 

northern end of Magazine Point (Figure 4-5). The spoils were the result of recent dredging 

operations of the private yacht marina west of Magazine Point and a passageway between the 

marina and Pensacola Bay (Joyner, [personal communication,] 1992). Spoil material include 

sand and fine bay-bottom sediment. A description of this recent area is included in 

r [Section 4.21, Site Reconnaissance. 

4.4 Habitat and Biota Survey 

4.4.1 Data Review 

Magazine Point Peninsula is a coastal spit guarding the southeastern portion of the mouth of 

Bayou Grande. Historical aerial photo[graphs] suggest that the peninsula was an impermanent 

form with a bayward coastline [shifting] according to seasonal and episodic influence from local 

tides. In a 1951 photo[graph], the peninsula was approximately [4,5OO’x125’] at its northern 

tip. Vegetation on the northern half of the peninsula appears to have been sparse populations 

of beach/dune/scrub vegetation, much like what is currently found on Santa Rosa Island, the 

local barrier island. Vegetation on the lower half of the peninsula (the vicinity of the current 

IWTP and Waval Aviation Depot] [NADEP] facilities) appears to have been isolated woodlands 

interspersed between developed areas and open, sandy clearings and dune lines. 
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In the 1960s, the Navy began stabilizing the eastern shoreline of the peninsula with construction 

debris, most prominently by erecting an eastward extending spit at the end of Magazine Point. 

The stabilization apparently allowed the northern portion of the peninsula to widen due to 

accretion of sand along the bay shoreline. 

More recent aerial photo[graphs] indicate a tremendous change in the vegetation patterns on the 

peninsula in the last two decades. The beach/dune/scrub community has given way to a lush 

pine flatwood community in the northern portions. In the south, the isolated bands and pockets 

of woods have melded into a dense forest outside of developed areas. Previously developed 

areas no longer in use [appear to] have become reforested. In the northern end, the eastern 

treeline very closely approximates the old 1950s shoreline of the peninsula. 

r- 4.4.2 Current Vegetative Habitats 

The current vegetation pattern of Magazine Point can be divided into four types of habitat: 

(1) pine flatwood habitat, (2) wetland habitat, (3) beachlshore habitat, and (4) disturbed habitat. 

Pine Flatwood Habitat 

The pine flatwood community on Magazine Point is similar to other coastal flatwood 

communities in northwest Florida. The dominant overstory plants throughout the peninsula axe 

slash pine (Finus elliottii), and live oak (Quercus Virginia). The overstory [includes] a 

population of laurel oaks (Quercus hemisphuerica) located between the WTP bilge water 

[treatment] plant and Chevalier Field, while a population of sand pine (Pinus chusa) can be 

found a few hundred feet north of the IWTP. Sparse examples of laurel oak and sand pine are 
dispersed in other locations on the peninsula. 
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[The following are intermittent] throughout the overstory: sweet bay magnolia (Magnolia 

virginianu), southern magnolia (Magnolia grandi@lora), cabbage palm (Sabal palmetto), popcorn 

tree (Sapium sebifenun), and isolated Atlantic White Cedars (Chamaecyparis thyoides). 

The understory shrubs evident throughout the flatwood community include myrtle oak (Quercus 

mymyolia), yaupon (Ilex vomitoria), inkberry (Ilex glabra), saw palmetto (Serenoa repens), 

catbrier (Smilax auriculuta), greenbrier (Smilax bona-nox) , and dewberry (Rubus trivialis). 

Shrub verbena (zatana camura) can be found near the IWTP and along the southern portions 

of the Magazine Point access road. North of the northernmost ammunition bunker, the 

understory contains rosemary (Ceratiola ericoides). Fetterbush (Zyonia lucida) and wax myrtle 

(Myrica cenyera) can be found in areas north of the IWTP complex. Mint-rosemary (Conradina 

canescem) is an endemic understory plant throughout forested and cleared areas outside of 

wetlands. 

Potential Wetland Habitat 

[Parsons and Pruitt (1991) identified 79 wetland areas within the NAS Pensacola 

boundaries. Of these, Wetlands 7 through 13 are in the Magazine Point area (Figure 4-6). 

However, Parsons and Pruitt did not include the sufficient detail in their investigation to 

perform an ecological assessment. A more accurate assessment of the wetlands identified 

by Parsons and Pruitt will be performed during the Site 41 investigation. Further 
assessment tentatively identified another six potential wetland areas on the peninsula 

(Wetlands 80 through 85). These areas are not confi ied as wetlands but will be indicated 

on Figure 4-6 until they can be verified according to the 1987 U.S. A m y  Corps of Engineers 

Wetlands Delineation Manual.] 
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0 [Potential Wetland 801 - This a large forested/scrub-shrub area surrounding the 

western and northern portions of the IWTP complex. It contains slash pine, sand pine, 

sand live oak, yaupon, ink berry, wax myrtle, fetterbush, magnolia, saw palmetto, and 

popcorn trees. Within this area, a grassy meadow [is densely overgrown] due north of 

the former [ISDBs]. Portions of this meadow are becoming reforested by slash pine 

saplings. [There is] no permanent standing water in any part of this area; however, 

water up to a foot deep was observed for temporary periods after a heavy rain. 

0 [Potential Wetland 811 - This area is a swale containing meadow grasses and sedges, 

surrounded by slash pines, inkberry, and saw palmetto. Standing water was observed 

after heavy precipitation. 

f- 0 [Potential Wetland 82 NB] - This is a small area approximately 100 feet north of the 

northernmost ammunition bunker and west of Magazine Point’s north-south access road. 

It is a depression containing meadow grasses and a small area of standing water at its 

northern end surrounded by slash pine, sand live oak, cabbage palm, popcorn tree, saw 

palmetto, fetterbush, and inkberry. The area also contains a small drainage ditch 

l e a d [ i  into it from the south containing scrub/shrub vegetation (inkberry, saw 

palmetto, fetterbush) surrounded by slash pines. 

0 [Potential Wetland 831- This is a small area immediately east of the IWTP polishing 

pond in the tree line outside the IWTP fence compound. This is a wet forested area 
containing slash pines, with a shrubby understory [ofJ saw grass. 

0 [Potential Wetland 841 - This is a small area in a shallow drainage ditch [running] 

from southwest to northeast into the eastern end of Wetland 10A. The ditch contains 
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meadow grasses and rushes and is surrounded by slash pines, sand live oaks, and 

yaupon. 

a [Potential Wetland 851 - This is an approximately 50’x50’ drainage basin adjacent to 

the southeast comer of Building 3644. The area contains wet soil and grass maintained 

by mowing. It is fed by a drainage culvert originat[ingl from under the northern runway 

area of Chevalier Field. This area drains via culvert into Wetland 12E, forming a 

headwaters of sorts for a portion of the drainage continujingl thraugh Wetland 10NB. 

Standing water has been observed for several days in this basin after heavy precipitation. 

Many of these areas on Magazine Point, excluding Wetlands 7 and 8 lining the shoreline 

adjacent to the yacht basin, may have been formed through the creation of drainage ditches and 

basins, and the alteration of surface drainage on the peninsula. [After these potential wetlands 

have been delineated, any impact having occurred to confirmed wetlands will be 

investigated under Site 41.1 

.r 

BeaMShore Habitat 

Open sandy beaches [line] two areas along the bayward shoreline of Magazine Point: 

one 2,000-foot area south of the northern tip and another 500-foot area adjacent to the northern 

portion of Chevalier Field. Sea Oats (Uniolou paniculatu) grow in large populations in both 

areas, [which] are sepmted by the [Site 13 Magazine Point Rubble Disposal area,] discussed 

below. 

Disturbed Habitat 

Disturbed areas on Magazine Point have resulted from recent construction where naturally 

evolving habitat has been permanently disrupted. Highly disturbed [areas] include roadsides, 

4-25 
mold items in brackets denote changes 

to the first draft of document.] 



Drafi' Finul R e d i d  Investigation Report 
NAS Pensacola Operable Unit 10 and Site I3 

Section 4 - Prelirninaty Investigations 
October 14. 1994 

r" 

fields, lawns, vacant lots, and pastures (Clewel 1985). According to Clewel, plants inhabit[ing] 

these areas are primarily weedy[, and] regularly and aggressively invade disturbed sites. Many 

are introduced species. 

0 During construction of the IWTP bilge water [treatment] plant in 1991, woods were 

cleared and the land was flattened between the polishing pond and the drainage ditch 

known as Wetland 10/11. This area has since been densely populated by rattle-box 

(Crofuluriu pallida), a common plant of [disturbed] places in northwest Florida. 

0 A rectangular drainage basin adjacent to Wetland 12 (about 180'x120') forms part of the 

drainage system connected to the Wetland 10/11 [ditch]. Its construction era is 

unknown, and it contains dense populations of rattle-box and bushy beardgrass 

(Andropogon glomeratus), with examples of purple sesban (Sesbania punicea). The 

presence of several pine saplings suggests this area will undergo reforestation in a few 

years [if left alone]. 

0 Permanently disturbed sites along the rubble disposal area on the eastern shore [are] 

primarily to the south and east of the IWTP and near the northern tip of the peninsula. 

Dense thickets of greenbrier adjacent to the IWTP overgrow the rubble, choking out most 

other vegetation. Dewberry vines and swamp pennywort @ydrocotyle vem'cillufu) also 

grow upon the rubble. Dense thickets of yaupon grow next to the rubble piles. At the 

extreme northern end of the point, rattle-box, dewberry vines, and swamp pennywort 

grow around the rubble, while a thicket of trees grows in a small clearing not disturbed 

by the recent dumping. This isolated patch of vegetation contains slash pine, popcorn 

tree, live oak, and saw palmetto. 
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4.4.3 Animals 

Magazine Point Peninsula has the potential to support a wide diversity of animal life. However, 

the peninsula is likely cut off from all but aerial migration by birds, because the point is 
surrounded by water to the north, east, and west, and intense development to the south. The 

forested areas on the peninsula have developed in the last 35 years. It is therefore unlikely that 

the woods would be inhabited by large mammals, such as deer, and none were noted during 

this RI. Isolated observations of rabbits, squirrels, skunks, snakes, turtles, and frogs were 

made. Various birds inhabit the woodland and shore habitats. A few empty bird nests were 

observed in the forested interior of the peninsula, providing evidence [of bird nesting] in the 

area during the appropriate season. No nesting shore birds were not@; however, this does not 

rule out the possibility [ofJ shore birds seasonally nestring] on the peninsula. Herons and sea 
gulls in the vicinity suggest the area is at least traversed by shore birds. 

7 

4.4.4 Threatened and Endangered Species 

A population of Godfrey’s Golden Aster (Chrysopsis godfieyii) grows along an area 
approximately [675’xlOO’] on the eastern shoreline of Magazine Point, about 1,OOO feet south 

of the point’s northern tip [(Figure 4 4 1 .  This plant community grows in a sandy backshore 

area above the high tide shoreline, with about two plants per square yard. The community was 

referenced in a preliminary scoping report by [E&E] (1 992a). Chiysopsis godfeyii is listed by 

the Florida Natural Areas Inventory (1992) as a state imperiled species. wowever, it has 

neither a federal nor state legal status at this time. Its current federal status is unknown 

pending conclusive biological data on vulnerability. It is not being considered for listing 

as a state threatened or endangered species.] Preliminary investigations did not indicate 

evidence of human impact on the population. [Heavy equipment movement conducted after 

this survey has impacted some of the population, however regrowth was noted during a 

August 1994 site visit. Although none was observed at the time of the investigation, there 
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is a population of Carolina lilaeopsis (Likopsis carolinensis) noted by FNAI to exist on 

Magazine Point peninsula. Currently, this species is not listed or is considered for listing 

as either a state or federal threatened or endangered species. No other species of concern 

was observed on Magazine Point Peninsula.] 

4.4.5 Potential Evidence of Adverse Impact 

Currently, [there is] evidence of adverse ecological impact adjacent to the IWTP bilge water 

[treatment] plant in Wetland 12, [which] was identified by Parsons and m i t t  (1991) as a 

palustrine forested scrub/shrub wetland. Cattail mphu sp.), arrowhead (Sagittana sp.), and 

saw grass also grow in a small area of standing water in this wetland. [The standing water was 

contaminated by a] spill from the bilge water [treatment] plant on March 11, 1992. The 

wetland has yet to be remediated and the surface water remains stained, an oily odor persists, 

and emergent vegetation over an approximate [20’x20’] area in the immediate vicinity of the spill 

has been killed. The= is no evidence of adverse ecological impact outside the spill area. 

Wetland 12 is adjacent to Wetland 10/11 (Parsons and m i t t  1991). Standing water throughout 

the length of Wetland 10/11 (southern drainage ditch) occasionally overflows a sandy berm at 

its eastern end, discharging into Pensacola Bay. Lush populations of various emergent wetland 

plants grow in the western end of the wetland, with submergent plants and algae in deeper areas. 

During this investigation, no evidence of adverse impact from the bilge water [treatment] plant 

spill was observed in the Wetland 10/11 ditch. The Wetland 10 ditch does contain an oil-soaked 

containment boom floating across its width just east of the NADEP rotor-testing facility. 

r 

No adverse impact was evident in forested areas north of the IWTP, or those at the peninsula’s 

northern end. Though some forested areas have taller and wider-girth trees than others, many 

areas of the peninsula are former clearings undergoing natural reforestation. The lush growth 
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immediately north of the sludge drying beds may be a direct result of [nutrients] provided by 

surface runoff from the beds. 

[G&MJ (1988) referred to well-point dewatering activities conducted during construction near 

the [ISDBs] in 1983, where strongly acidic groundwater (from east of the ISDBs) was apparently 

discharged into the wooded area west of the ISDBs. The report indicated [killing or defoliation 

of] vegetation in the discharge area. The area immediately west of the former ISDBs is a 

continuation of the large wetland area surround[ingl the northern portion of the IWTP. The 

vegetation in the area of this former discharge currently appears to be healthy and similar in 

cross-section to adjacent localities. The slash pine trees growing there appear to be younger than 

those in surrounding areas. This might be the result of the discharge, previous clear-cutting in 

this zone, or a result of the late 1950s/early 1960s use of the area as an approach path for 

Chevalier Field's north-south runway @reviously discussed in [Section 4.1,] Aerial Photographs 

Analysis. 

r" 

4.5 Field Screening Surveys 
Systematic contaminant screening surveys were conducted across the ground surface of OU 10 

to identify areas emitting trace [concentrations] of certain indicator contaminants to the 

atmosphere or soil- gas. Results of these surveys were used to target areas of potential soil or 

groundwater contamination in the following phase of physical field investigation. Two 
techniques were used: 

0 Surface emissions surveys of volatile organic compounds and radiation emitted into the 

above-ground atmosphere were used to screen for the possibility of surface or 

near-surface soil contamination. 
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A soil-gas and groundwater screening survey was used to screen for the possibility of soil 

and groundwater contamination. 

The nature of these survey techniques necessarily limits their results to qualitative interpretation 

of actual field conditions and does not replace the actual laboratory analysis of soil and 

groundwater. Neither do these screening techniques track the presence or absence of other 

non-volatile, non-radioactive contaminants such as heavy metals and pesticides. 

4.5.1 Grid System 

To systematize the screening surveys, a grid system [was imposed] in the field over 

OU 10 (Figure 4-7). Survey lines oriented approximately north-south and east-west were 

established at 100-foot intervals where practical, or at modified intervals where required by the 

high density of obstacles, structures, areas occupied by closed RCRA units, and wetlands. The 

wooded area to the north of the IWTP activity was covered by 200-foot intervals. The survey 

grid system was intentionally not extended over the oil-impacted bilge water [treatment] plant 

and wetlands because: (1) the area was presently under investigation to evaluate the effects of 

the 1992 bilge water spill, from which soil and groundwater analytical results would be 

forthcoming, and (2) the effects of this [spill] could potentially affect, and unnecessarily bias, 

the results of the field screening surveys. 

r' 

The grid system was surveyed as two separate units: Unit A to the south and Unit B to the 

north, which were tied together at two points. Lines through heavily wooded areas were cleared 

with machetes and a portable circular saw. Baselines were established using an automatic level 

and surveyor's tape. All internal lines were surveyed in with a Brunton Compass and measuring 

tape. Survey stations were established at 100-foot (or modified) intervals or at survey line 
intersections. Several other survey stations were established off the grid lines at specific 
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locations of potential contamination such as former UST locations and former spill areas. The 
locations were also tied into the survey network. In all, 195 stations were created. Wooden 

stakes and/or pin flags were driven into the ground at each station. On asphalt areas, stations 

were marked with fluorescent spray paint. All stations were uniquely labeled in surveyor 

notation. No stations were located on the former surge pond or ISDBs [to avoid compromisingl 

the RCRA caps on these structures. 

4.5.2 Surface Volatile Emission Survey 

A surface volatile emission survey was conducted across OU 10 at the surveyed grid stations on 

November 23 and 30 and December 2, 1992. A Foxboro OVA was used to detect VOCs known 

to have been components of the waste stream handled at the site. Surface emission readings 

were taken at approximately 2 inches and 3 feet above ground surface. At each height, 

measurements for total surface emissions and for the fraction of emissions attributable to r 
methane were taken. The latter was achieved by use of a carbon fdter and subtracting fitered 

readings from unfiltered readings. 

In conjunction with volatile organic detection, explosivity [was measured using an Industrial 

Scientific explosimeter] to determine any explosive dangers associated with volatile surface 

emissions. 

Results of the surface volatile emission survey indicated no measurable quantities of volatiles 

were emanating from the surface soil. OVA responses were non-detect or negligible (0 [ppm 

to] 0.3 ppm), being within instrument drift, and reflected general background conditions found 

in the area. All recorded levels of explosivity were likewise 0 [percent]. 
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The surface emissions survey was conducted under non-ideal conditions. Whereas SUMY, warm 
and dry conditions would optimize the flow of any VOCs from the soil to the air, the survey was 

conducted during an abnormally wet [autumn] in which optimal conditions were impossible to 

achieve. The high moisture content of the soil during this investigation may have masked the 

presence of trace levels of VOCs. 

4.5.3 Radiation Survey 

To screen for any radium 226 which may have been transported via the waste stream and/or 

other releases to the IWTP, a radiation survey was conducted at the same time and in the same 

manner as the surface emissions survey. Gamma emissions were screened with a Ludlum 

Model M3 sodium iodide scintillation detector. Surface emission readings were taken at each 

station [at] approximately 2 inches and 3 feet above ground over 30-second cumulative intervals 

r at each elevation. 

Results of the surface radiation emissions survey indicated gamma radiation levels of 2 pR/hr 

to 6 pWhr across the site. These results suggest no more than general [reference] conditions 

[exist across the site.] 

4.5.4 Soil-Gas Survey 
A soil-gas survey was conducted across the OU 10 grid network in mid-November 1992. Target 

Environmental Services, Inc. [performed the soil-gas extraction and analysis with E/A&H 

personnel reviewing the work]. Detailed procedures for soil-gas sampling (including sample 

collection, decontamination, analytical procedures, etc.) [are] presented in the subcontractor’s 

report in Appendix B. Soil-gas samples were [extracted through a probe and tubing in] a 
plunger-driven hole in the soil. Samples were collected to within 1.5 feet [above] the water 

table, except in the few places where water was deeper than 5 feet. Depth-to-water was 

cl 
I 
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measured at various stations throughout the site either by observing a moisture mark on the 

retrieved plunger bar or by over-inserting the soil-gas probe through to groundwater and noting 

water filling into the clear intake hose upon application of suction. 

Soil-gas stations were identified by shortened notation of the more elaborate surveyor’s notation 

to [make it easier to track]. Soil-gas sample numbers were designated by two numbers, the 

fvst representing hundreds of feet north (+) or south (-) of the B grid ongin (O/O), followed by 

a slash and the second number representing hundreds of feet east (+) or west (-) of the B grid 

origin. Figure 4-7 presents the sample numbering system superimposed on the surveyed grid 

network. Several sampling stations were moved laterally from the survey grid nodes due to 

standing water after heavy rains or underground utilities or RCRA caps which were off limits 

to penetration. Lateral movements greater than approximately 8 feet prompted redesignation of 

those sampling station numbers. Two new soil-gas stations were created in the bilge water 

oil-impacted area as a confirmation check on contamination and background conditions there. 
r 

To assess the accuracy and representa[tiveness] of the soil-gas survey, field quality 

assurance/quality control ( Q N Q C )  samples were taken including duplicates and equipment 

rinsates, [collected every] 20 samples, and field control blanks, which were taken for each 

10 samples and at the beginning and end of each day. Soil-gas and Q N Q C  samples were 
analyzed in the field trailer on a portable gas chromatograph (GC). Samples were analyzed by 

electron capture detection (ECD) and flame ionization detection o) for the targeted 

chlorinated and petroleum VOCs listed melow]. 

GCIECD METHOD 
Chlorinated Compounds: 
1,l dichloroethylene (1,l -DCE) 
cis- and trans- 1,2 dichloroethene (c-l,2-DCE and t-l,2-DCE) 
1,l dichloroethane (1,l -DCA) 
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1 , 1 , 1 trichloroethane (1 , 1 , 1 -TCA) 
1,1,2 trichloroethane (1,1,2-TCA) 
trichloroethylene (TCE) 
[tetra] chloroeth ylene (PCE) 
methylene chloride (CH,C12) 
chloroform (CHCl,) 
carbon tetrachloride (CClJ 

GCIFID METHOD 
Petroleum Compounds: 
benzene 
toluene 
ethylbenzene 
xylenes 

Chlorinated Compound: 
vinyl chloride 

r' 

Total FID volatiles, including all detected but unidentified compounds, were also recorded. 

Analytical results from each day's field work were reported the next day. 

Field conditions were not ideal for the soil-gas survey. Due to an unusually wet [autumn], site 

soil was overly moist in many areas, and water tables were elevated. Several soil-gas stations 

in wetland areas were submerged in standing surface water from heavy rainstorms and could not 

be sampled. These wet surface and subsurface conditions could have hampered gas movement 

through the soil, reducing detected [concentrations] of contamination and even masking low 

contamination [concentrations]. 

Table 4-1 summarizes the soil-gas analytical results. In determining indicators of possible 

contamination, only identified compound [detections] were considered. 
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If 

Vinyl Methylene 
CHorido 1.1 -DCE Chloride Chloroform 

- - - 1 .a 

- 1.5 - - 
-4.4/3.9 I - I - I - I - 

3.7 - - - 019.8 

- - - 0.215.5 11 

0.6/6.1 16  - - - 

- - - - 217.5 

217.5 D' 

315.5 

714.5 - 1.5 - - 

PCE Benzene Toluene Ethylbenzene 
I I I 

- I - 1 - 1 -  
- 1 - 1 - 1 -  

I I I - 1 .o - - 

- 1.6 - - 
I 1 I 

- 1 - 1 - 1 -  
- 1 - I - I -  

Total F b  

- - 

- - 

6.2 

- 1 -  

1.2 I 40 
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I/ 
Samples 
Yielding 

Identified 
Compounds 

715.5 - 2.2 

Methylene 
Chloride 

3.1 
I I I I I 7- 

- I - I - 1 - I - 1 1 . 4  I 1 5  

- I - I - I - I - 1 2 . 1  I 1 5  

- I - 1  - I - 1 1 . 4  1 8 . 7 1  14 

- I - I - I - I - 1 2 . 2  1 - 

I I I I I 2.0 17 
- 1.8 - - - 

Notr: 
- Not Detected 

Total FID Vobtiler were unidentified and are recorded hare with identified compound. tu extra information. Data for other canplec whkh yielded detected 
Total FID Volatilec but no detectable idsntifiid compound. are not mcludad in thi. lii but are p ~ ~ n t s d  in Appendix B. 
Duplicate ranplec are recorded hers with original s a n p l ~  for cmp.ri.on. .. 
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Reported total FID volatiles included substantial concentrations of unidentified compounds 

Target suspected could be attributed in large part to natural compounds such as terpenes 

[associated with] pine trees in wooded areas. Some duplicate samples did not reproduce the low 

[concentration] contamination of compounds found in their originals, and hence it appears 

possible that some low [concentrations] of reported contamination, on the order of 1 ppb to 

2 ppb, may be false positives. 

Chlorinated VOC Contamination 

Figure 4-8 shows the locations of the soil-gas stations which yielded detectable [concentrations] 

of chlorinated VOC contamination. Soil-gas [detections] are prominently clustered [east ofJ the 

former [ISDBs]. The cluster is characterized by moderate to high [concentrations] of 1,l DCE 

from 1.4ppb at Station 3/5.5 to 641 ppb at Station 4/5.5. DCE is a common breakdown 

product of PCE and TCE, both common industrial solvents. The presence and configuration of 

this cluster strongly suggests chlorinated solvent contamination associated with the former 

[ISDBs] . 

4- 

[One] isolated soil-gas [detection], also characterized by DCE, w[as] found [in each of the 

following areas]: one south of and adjacent to the former surge pond at Station -0.U4.5, and 

[one] in the southern yard between the closed stabilization and polishing ponds at 

Station - 2.3/4.6. Detected concentrations] were low and in the suspected range of not 

reproducible (1.8 ppb and 1.5 ppb DCE, respectively). At both stations, indications of 

contamination did not carry over into adjacent soil-gas stations. 

A pair of soil-gas [detections] possibly unrelated to the DCE type [are] grouped in the vicinity 

of the underground industrial waste line breach northwest of the closed polishing pond. Vinyl 
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chloride is the characteristic contaminant reported as 11 ppb at Station 0.2/5.5 and 16 ppb at 

Station 0.6/6.1. 

An isolated soil-gas [detection], apparently different from the DCE and vinyl chloride clusters, 

was reported at Station 0/9.8 near the chlorine contact chamber and pressure fdters where 

discharge and overflow of treated waters was observed. Chloroform is the reported contaminant 

at a [concentration] of 3.7 ppb. Chlorine treatment of water [has been documented to] 

produce trace amounts of chloroform [in treated water]. 

Non-Chlorinated VOC Contamination 

Figure 4-8 [also] shows the locations of the soil-gas stations which yielded detectable 

[concentrations] of non-chlorinated VOC contamination. Soil-gas responses are more 

widespread and not as clustered as the stations yielding chlorinated VOCs, and for the most part 

do not coincide with those stations. 

r 

The area north of the former [IsDBs] yielded widespread but sporadic soil-gas [detections]. 

The contamination is characterized almost exclusively by low [concentrations] of xylene; many 

[detections] were near the suspected, [but not] reproducible concentration range. The most 

prominent readings are reported at Station 11/7 at 10.1 ppb total identified compounds, and 

15/4 at 3.4 ppb total identified compounds. Xylene, appearing without the other associated 

non-chlorinated VOCs such as benzene, toluene and ethylbenzene, is often characteristic of old 

contamination as it is generally the most resistant of the group to environmental breakdown 

processes. 

Soil-gas [detections] from adjacent stations east northeast of the former [ISDBs] suggest a 

cluster of low level contamination near the surface drainage swale and fill area north of the 
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swale. Registers of benzene and ethylbenzene accompany the xylene. Stations 6/6 and 8/6 with 

4.8 ppb and 3.1 ppb total identified non-chlorinated VOC contaminantst respectively, appear the 

most prominent. 

Soil-gas [detections] related by toluene are grouped between the present surge tank and former 

stabilization pond at Stations 0/1 and 012. Most prominent is the response at Station 0/2  with 

14.2 ppb total identified non-chlorinated VOCs. 

Low level petroleum VOC responses are reported in the vicinity of the industrial waste line 

breach northwest of the closed polishing pond. This is the only area onsite where chlorinated 

and non-chlorinated soil-gas contamination coincide. Stations 0.2/5.5 and 0.6i6.1 registered 

xylene at 1.9 and 1.2 ppb, respectively. Chromatograms for these stations indicate an elution 

pattern suggestive of a petroleum fuel, f- 

Two drain[age] ways to the southern wetlands yielded non-chlorinated soil-gas contamination. 

An isolated [detection] at Station -4.4/3.9, along the southward drain[age] ditch from the rWTP 
southern yard, [yielded] a response of 4.4 ppb total identifed compounds. The contamination 

check at the spillway of the bilge water [treatment] plant, Station -5.2/6.6, yielded 8.9 ppb total 

identified compounds. This concentration is relatively low given the high impact of the oil spill 

on the bilge water [treatment] plant area, and may indicate that the spilled oil was weathered 

prior to its release and had lost most of its volatile benzene, toluene, ethylbenzene, and 

xylene] (BTEX) components. However, [the] total concentration [detected by the FID] was 

unusually high at 280 ppb, suggesting an elevated concentration of unidentified contaminants. 

Station 217.5, east of the laboratory-office building, yielded 2.7 ppb total identified 

non-chlorinated compounds. However its duplicate registered non-detect. 

r 
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Overall, significant soil-gas contamination of chlorinated VOCs appear to be centered close to 

the former ISDBs, with a smaller area of concern near the historical industrial waste line breach. 

Low [concentrations] of non-chlorinated VOC soil-gas contamination are ubiquitous across the 

site, with notable areas in the swale area east of the former ISDBs, the old W T P ] ,  and the 

area near the southeast comer of the surge tank. The results of the soil-gas survey were used 

to determine optimal placement of soil borings (to be discussed in Section 5, [Field 

Investigation and Methodology]). 

Groundwater Screening 

As a preliminary check on the relationship of soil-gas contamination to groundwater conditions, 

eight soil-gas stations were selected for groundwater screening (heated headspace method; 

modified USEPA 624). Selected stations were chosen [to] represent different areas of 

contamination and/or for their relatively high soil-gas responses. 4- 

Figure 4-9 shows the locations of the eight groundwater screening stations. Stations W 4 W  and 

11/7W were chosen to check the low [concentrations] of xylenes in the large northern wooded 

area. Stations 6/5.5W and 4/5.5W were chosen to check the prominent [1,1-]DCE 

contamination around the former [LSDBs]. Station 6/6W was chosen to check the apparent 

petroleum VOC contamination in the swale and fill area northeast of the former [ISDBs]. 

Station 0/2W was chosen to check the petroleum VOC contamination between the surge tank and 

the closed stabilization pond. Station 0/9.8W was chosen to check the low [concentration ofJ 

chloroform contamination near the chlorine contact chamber and pressure filters. Finally, 

Station -5.2/6.6W was chosen as a check on the bilge water oil spill contamination. Target 
extracted and analyzed groundwater samples of the eight selected stations under E/A&H 

supervision. Sampling and analysis procedures are provided in the subcontractor’s report 

included as Appendix B. Steel casing was driven into the water table and groundwater was 
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Sample 1,I-DCE Chloroform Bemeno 

r" 

Total FID 
Toluene Ethylbenzene Xflanes Volatiles 

- 11n 

1514 - 
____ ~~ 

Nota: 
- Not Dotacted 

TOW flD V W i  won unidentifii 
Attributed to GC colunn contanination from p v i o u l y  run Mpk -5.216.M *. 

- - - - - - 

- 9.5" 384' ' - - - 

extracted by the same suction method [used] in the soil-gas procedure. In the E/A&H field 

trailer, the water samples were heated, and headspace gases were analyzed by the [GC]. The 

analytical procedure (modified USEPA 624) differs markedly from normal laboratory analytical 

practices on groundwater, and hence the results of this screening survey should not be compared 

to laboratory analytical data. 

Table 4-2 lists the groundwater screening results. 

The data identify three areas of most prominent groundwater contamination: 
0 The area around the former [ISDBs] with Station 6/5.5W yielding 22 ppb [1,1-]DCE and 

6.9 ppb benzene. Station 415.5 yielded no identXied compounds. 
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a The swale and fill area northeast of the former WDBs] with Station 616W yielding 

27 ppb xylenes, 2,145 ppb total mD volatiles, and a chromatogram pattern of late 

eluting unidentified suggestive of weathered fuel product or kerosene. 

The area affected by the bilge water oil spill with Station -5.2/6.6W yielding 2.8 ppb 

toluene, 8.1 ppb ethylbenzene, 67 ppb xylenes, 1,928 ppb total F'ID volatiles, and a 

chromatograph pattern of late eluting peaks suggestive of weathered fuel product. 

The presence of low level chloroform was confinned in the groundwater at 0/9.8W (3.1 ppb) 

near the chlorine contact chamber and pressure filters. Groundwater contamination was not 

found at Station 0/2 between the surge tank and closed stabilization pond. 

Groundwater screening results from the northern wooded area were split between confirmation 

and negation of the presence of xylenes detected during the soil-gas survey. Station 1 1/7W 

registered non-detect. However Station 15/4W revealed 9.5 ppb xylenes and 384 ppb total mD 

volatiles. Target later reported the results of 15/4W were erroneous, indicating QNQC review 

of the data showed the chromatograph for W4W to be remnant contamination in the GC column 

from the previously mn and highly contaminated bilge water [treatment] plant 

samples - 5.216.6W. Before this was learned, however, E/A&H and Target returned to the area 
around 15/4W for additional soil-gas sampling (based on the erroneously high groundwater 

screening result) on a smaller grid interval (as was shown in Figure 4-7). Results of those 

additional soil-gas survey points around 15/4W were non-detect. 

r 

Overall, significant groundwater contamination by VOCs, as evidenced by the method of 

groundwater screening described above, is present mainly in two areas: the former ISDBs and 

swale area, and at the 1992 bilge water [treatment] plant spill. The nature of the contamination 
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appears to be solvent-related around the former ISDBs, and petroleum-related at the swale area 

and the bilge water [treatment] plant spill. [However, the results from the groundwater 
screening were not consistent with the Contract Laboratory Program (CLP) analytical 

results. The analytical results and a further discussion of the discrepancies is presented in 

Section 7, Nature and Extent of Contamination]. 
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P 5.0 FIELD INVESTIGATION AND METHODOLOGY 
The W.S. Navy-, USEPA- and FDEP-approved] work plans outlined an extensive soil, 

sediment, surface water, and groundwater investigation and sampling program for OU 10 and 
Site 13. The investigation was conducted as multiple tasks to address the potential of 

contamination sources and/or contamination pathways in the multiple regions and zones of site 

soil, sediment, surface water, and groundwater. [Soil and sediment sampling was expanded 

from the original scope due to the areas of concern identified by the soil-gas survey, 

contaminant source survey,] and site reconnaissance. Surface water sampling and hydrologic 

study of the southern drainage ditch and groundwater sampling and hydrologic study of the 

aquifer beneath the sites were conducted as specified by the work plans. 

[The field sampling and investigation was implemented in three phases. The Phase I 

activities, completed during December 1992 through February 1993, accomplished the 

majority of the field investigation, including the majority of monitoring well installation, 

soil and groundwater sampling, and hydrologic investigation, and all of the sediment and 

surface water sampling. The Phase XI activities were conducted in April 1993 to address 

a number of data gaps identified from the results of the Phase I activities, and from review 

of new information provided to E/A&H after the Phase I effort.] Phase ZZI activities were 

conducted between March 7 and I1 , 1994 by USEPA personnel. Soil sampling was conducted 
to address data gaps in suface soil assessment in areas of identified soil contamination, while 
the objective of the groundwater sampling was to evaluate ifturbidty could be reduced with a 
low-flow smpling technique. 

I- 

Sampling locations were based upon results of the preliminary surveys or specifications of the 

work plans for OU 10 and Site 13. Sampling and investigation procedures were conducted in 

accordance with the [SAP] for OU 10 [(E/A&H 1992)], except where site conditions and field 

decisions warranted changes. Specific procedures employed for each sampling and investigative 

task are presented in Sections 5.1 through 5.4 of this report. General methods, sample handling, 

field quality assurance/quality control (QA/QC) and decontamination procedures are presented 

in Section 5.5. r 
5-1 
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Analytical Parameters 

Samples of al l  media were collected for either contamination assessment or for physical 

characterization. Contamination assessment analyses provided a basis for determining nature and 

extent of site contamination, and physical characterization analyses aided in either determining 

specific subsurface migration pathways, or in determining properties of the site media for the 

PSI. [Samples designated for contamination assessment were analyzed for radiation using 

the method provided below and for Target Analyte List (TAL) and Target Compound List 
(TCL) parameters using USEPA CLP protocols. 

Radiation Parameters 

Alpha, Beta, and Gamma Radiation 

Gamma Spectroscopy (every 10th groundwater sample) 

USEPA 900 

USEPA 900.11 

Samples designated for physical characterization were analyzed for selected physical and 

chemical-physical parameters shown in Table 5-1. CompuChem Laboratory in Research 

Triangle Park, North Carolina, conducted the analyses for the contamination assessment 

parameters, while Savannah Laboratories in Mobile, Alabama, conducted the analyses for 

physical characterization. 

Sample and Station Identification 

The OU 10 S A P  specifies an eight-digit sample identification code which is used in the present 

investigation and appears throughout the text of this report. The eight-digit code identifies 

sample location, type and other pertinent information as follows. 
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Media 

Soil [andl 
Sediment 

Surface Water [andl 
Ground water 

Table 5-1 
Analytical Parameters for 
Physical Characterization 

Parameter 

Physical: 
Permeability 
Porosity 
Particle Size 
Bulk Density 
Specific Gravity 
Moisture Content 

Chemical-Physical: 
Total Phosphorous 
Nitrate-N 
Total Kjeldahl Nitrogen 
Heterotrophic Plate Count 
Cation Exchange Capacity 
Total Organic Carbon 

Total Phosphorous 
Nitrate-N 
Total Kjeldahl Nitrogen 
Heterotrophic Plate Count 
5-day Biochemical Oxygen Demand 
Chemical Oxygen Demand 
Hardness 
Total Suspended Solids 
Alkalinity 

Method 

ASTM D2434 (for sand) 
ASTM 05084 (for clay) 
ASTM D 422 
ASTM 4253 
ASTM D 854 
ASTM 2216 

USEPA 365.3 
USEPA 352.1 
USEPA 351.4 
SM 92158 
SW 846-9080 
SW 848-9060 

USEPA 365.3 
USEPA 352.1 
USEPA 351.4 
SM 92158 
USEPA 405.1 
USEPA 410 1.1 to .3) 
USEPA 200.7 
USEPA 160.2 
USEPA 31 0.1 

Notes: 
[ASTM - American Society of Testing and Materialr] 

ThejTrst two digits denote the site where the sample was taken, as designated in the NAS 
Pensacola Site Management Plan [(SMP)]. Because of the proximity of Sites 32,33, and 

35, all samples for OU 10 were collectively designated as "33." Samples for Site 13 
were designated as 'I 13. 'I 
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0 The third digit represents the sampled medium as follows: 

G - groundwater 

S - soil (including surface soil samples and soil brings) 

M - sediment (defmed as fluid-borne sediments that have settled) 

W - surface water 

0 Thefourth undfiflh digits represent the sample station identifier. Soil, sediment, and 

surface water sampling stations were numbered in [order] of completion. For 

groundwater, these digits represent the designation number of the monitoring well. 

0 The sixth digit identifies and designates any QNQC samples as follows: 

T-tripblank 

E - equipment rinsate sample 

D - duplicate sample 

M - matrix spike sample 

S - matrix spike duplicate sample 

e The last two digits are sample specific. For soil, sediment or surface water, the two 

digits represent the depth of collection in feet. Where the sample was taken from a depth 

interval (e.g., a 2-foot soil interval), the number represents the base of the interval. For 
groundwater, the last two digits represent the series of the sampling event. 

The following examples illustrate the interpretation of this code: 

Sample Number Interpretation 

33804004 OU lO/soil/[fourth] boring/004 feet 

13M02D01 Site 13/sediment/[second] station/duplicate/Ol feet 

33G10001 OU 1 O/groundwater/well [33GlO]/[fii] sampling round 
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The identification code was also used to number the [monitorhg wells,] borings, and [any 

other] stations from which soil or sediment samples were collected. Hence, the first five digits 

of the code uniq<uely identify each station by site, sample medium, and [order] of completion. 

Borings for monitoring wells (from which no soil samples were collected) are identified by the 

well number for convenience of association. 

5.1 Soil 

5.1.1 Contamination Assessment Sampling 

[During the Phase I investigation, 33 soil borings at OU 10 and 16 soil borings at Site 13, 
were completed to assess the distribution of soil contamination above the water table. Soil 

was sampled between December 8, 1992, and January 19, 1993. During the Phase II 
investigation, U additional soil borings were completed at OU 10 for contamination 

assessment between April 19 and 21,1993. In March 1994, the USEPA collected 15 surface 

soil samples (0-1 foot bgs) from f ~ t e e n  areas of previously identified soil contamination to 

supplement the risk assessment database.] 

r 

. Soil boring locations for contamination assessment are presented in Figures 5-1, 5-2 and 5-3. 

The borings were numbered using a [five]-digit sequence document[igl the site number (33 was 

used for OU 10; 13 for Site 13), and the consecutive soil boring number designated for each 

station (Sol, S02, . . .). [Phase IJ borings were placed in areas [of potential contamination, as] 

identified by the soil-gas and other preliminary surveys, or as specified by the work plans. 

[Phase II borings were placed at potential contaminant sources that were identified as data 

gaps after the Phase I effort.] These areas and corresponding borings [of both phases of 

investigation] are listed in Table 5-2. 
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Table 5-2 
Soil Samplina Localities and Associated Bormgs - -  

ou l o  
~ 

[PHASE I:] 
Former IISDBsl, and adjacent swale/fill area: 
several elevated chlorinated and petroleum VOC 
soil-gas responses 

Wooded area north of IWTP with pervasive low- 
level xylene soil-gas responses. 

Former acid spill site 

East and adjacent to lab/operations bldg: low-level 
petroleum VOC soil-gas response 

Between present surge tank and stabilization pond: 
elevated petroleum VOC soil-gas response . 

Southeast and adjacent to former surge pond: low- 
level chlorinated VOC soil-gas response 

Former wastewater line breach area: elevated 
chlorinated VOC and low-level petroleum VOC soil- 
gas response 

Treated water spillldischarge area at the chlorine 
contact chamber and pressure filters: chlorinated 
VOC response 

IWTP south yard between stabilization and 
polishing ponds: low-level chlorinated VOC soil-gas 
response 

Drainage ditch for IWTP south yard: petroleum 
VOC soil-oas resoonse 

Associated Borings 

33S01 (at soil-gas sta. 6/61; 
33S05 (soil-gas 4/45]; 
33806 (soil-gas 5/4.5); 33808 (soil-gas 
4/61; 33S22 (soil-gas 8/71; 
33S24 (soil-gas 4/5.5); 
33S25 (soil-gas 5/5.51; 
33S02 - 33804; 33819 - 33822; 
33S32 - 33839. 

33S17 (at soil-gas sta. 15/41; 
33S18 (soil-gas 11 /7). 

33S07 

33S09 (at soil-gas sta. 2 /75  

33S11 (at soil-gas sta. 0/2) 

33S12 (at soil-gas sta. -0.1 /4.5) 

33S10 (at soil-gas sta. 0.2/5.5) 

33814 (at soil-gas sta. 019.8) 

33823 (at soil-gas sta. -2.3/4.6) 

33S15 (at soil-gas sta. -4.4/3.9) 
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Table 5-2 
Soil SamDlino Localities and Associated Borings 

ou 10 

Bilge water [treatment1 plant oil spill area 

[PHASE II: 
Former Surge Pond 

Surge Tank 

Industrial Primary Clarifier 

Former Underground Waste Oil Storage Tank 

No. 2 Industrial Flocculator 

No. 1 Final Clarifier 

Former Domestic Sludge Drying Beds 

Wooded Dump Area East of Domestic Beds 

Abandoned WWTP 

USEPA Sampling: 
Areas Identified with Soil Contamination 

Site 13 

[PHASE I:] 
Boring locations specified by work plan 

Recent dredge spoil dumping area a t  northern 
extent of Magazine Point 

[USEPA Sampling: 
Areas Identified with Soil Contamination 

Associated Borinas 

33S16 (at  soil-gas sta. -5.2/6.6) 

133S13 

33S45, 33S46 

33s47 

33550 

33S51 

33S52 

33s53 - 33855 

33S56 

33S06,33S24,33S53,33S54,33S55, 
33S32.33SOl. 33S36.338391 

Associated Borings 

13S01 - 13S06; 13S70 

13S61 - 13369 

[13S06, 13S61, 13S67, 13S681 
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Soil contamination around the bilge water [treatment] plant was characterized by one boring, 

but was not extensively studied to avoid duplication of a separate contamination study of the area 
being conducted by GTI. 

[Because groundwater is shallow and many borings inaccessible] to a drill rig, soil boring 

[advancement] procedures for contamination assessment varied from the SAP. Soil was 

representatively sampled [at] each 2-foot interval down to the water table; most L%orings] were 

advanced using a hand auger. Samples were consecutively collected at the base of advancing 

boreholes with a Xitech sampler by driving 6-inch, stainless steel cylindrical sleeves into [the] 

soil at the base of the borings. Two 6-inch samples from each 2-foot interval yielding the 

highest of any OVA responses were collected as representative of that interval. Due to chronic 

difficulty with loose, sandy soil falling out of the vertical sleeves upon retrieval, soil sampling 

was later altered to composite sampling over each 2-foot interval by scraping and accumulating 

soil directly into the sampling sleeves from consecutively retrieved auger buckets. 

Two borings were completed with a drill rig where [the] water table was expected at 8 feet or 

greater (locations 33S12 and 13S04). Samples were retrieved with 2-foot split spoons internally 

lined with four, 6-inch stainless steel sleeves. The upper sleeve, which [usually was only] 

partly filled and contained fall-in material from upper strata, was disregarded. Two of the three 

remaining sleeve samples were chosen for collection based on highest OVA response. 

A soil headspace screening survey was conducted across the swale/fill area to guide the 

placement of eight additional borings after initial sampling identified contamination in the area 

but did not defme the extent. The headspace screening survey was conducted [using an OVA] 

in accordance with FDE[P-approved] proceduaes for petroleum contamination] and is 

discussed in Appendix C of this report. Based on the survey results, borings 33S32 through 
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93839 were positioned in the swale/fill area in an effort to define the center and outlying extent 

of contamination. 

All borings sampled for laboratory analysis were documented on soil boring logs complete with 

soil stratigraphy, OVA responses, collected samples, and any other pertinent observations. 

These logs are provided in Appendix D. Sample sleeves were [covered fust] with Teflon tape 

and [polyvinyl chloride (PVC)] caps. The samples were processed in the manner described in 

Section 5.5, [Sampling Protocol], and analyzed by the laboratory for CLP TAL/TCL 

parameters and radiation. 

5.1.2 Stratigraphic ExploratiodMonitoring Well Boreholes 

The soil contamination assessment borings at OU 10 and Site 13 provided stratigraphic 

information for soil above the shallow water table. Deeper Stratigraphic information was 

obtained during [Phase fl monitoring well installations between December 8, 1992, and 

January 19, 1993, [and a Phase II monitoring well installation on April 22, 19931. At 

OU 10, five shallow borings were completed into the water table at approximately 15 feet in 

depth, [ll] intermediate-depth borings were completed at the base of the surficial zone of the 

aquifer immediately above the underlying confining clay unit, [at approximately 36 feet to 

46 feet in depth], and one deep boring was completed through the underlying confining clay 

layer following installation of surface casing down to the top of the confining clay unit into the 

main producing zone [at 77 feet in depth]. At Site 13, three shallow borings were completed 

into the water table. 

Figure 5-4 shows the locations of the borings completed for monitoring well installation. 

Drilling methods for these borings are discussed in Section 5.4.1. Except for the deep boring, 

soil investigation was limited to observation of cuttings brought to the surface as drilling 
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proceeded, resulting in approximate correlations of logged stratigraphic changes with depth. 

During work on the intermediate borings, drilling advancement was slowed after 30 feet of 

penetration to accurately measure the depths at which the top of the clay layer was encountered. 

Deep boring 33S31 was continuously sampled to 78 feet. Retrieved samples were logged for 

lithology and stratigraphic variation, providing a complete stratigraphic column of the surficial 

zone, the confining clay layer, and the upper portion of the underlying main producing zone. 

Boring logs for all shallow, intermediate, and deep brings are provided in Appendix D. 

5.1.3 Physical Characterization Sampling 

puring the Phase I field investigation,] soil samples were collected for physical 

characterization of near-surface soil for the m]. [Soil samples were also collected from] the 

clay layer beneath the surficial zone on January 4 and 19, 1993 for the hydrologic study. Five 

Shelby tube and grab sample pairs of near-surface soil were collected at locations shown in 

Figure 5-5. [The Shelby tube samples were collected for permeability analyses.] Three 

sample pairs were collected in areas of known past or present contamination: (1) sample 
location 33S43 in the contaminated swale and fill area, (2) sample location 33842 in the former 

acid spill area, and (3) sample location 33341 in the bilge water oil spill area. Two other 

sample pairs were collected in areas believed to be uncontaminated or relatively uncontaminated: 

(1) sample location 33844 in the northern wooded area and (2) sample location 33840 in the 

extreme southwest comer of the site. Most of the near-surface soil around the IWTP [is] either 

fill material or appears to have been disturbed at some time in the site history. The Shelby tube 

samples reflect this condition. Only samples 33S40 and 33844 may represent undisturbed, 

in-situ soil; the former was collected beneath 1 foot of fill material, the latter, from a wooded 

area with an appreciable natural organic cover. 
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Shelby tubes were hydraulically driven into the near-surface soil by the drill rig. [The 

samples were taken over 2-foot intervals above the water table; where possible, the samples 

were collected from a 1-foot to %foot depth range with the upper 1 foot of the soil column 
excavated by a post-hole digger in an effort to penetrate beyond any recently disturbed surface 

soil. Where the water table was less than 3 feet deep, Shelby tube samples were collected from 

ground surface to 2 feet in depth.] Accompanying grab samples were collected by advancing 

the post-hole digger through the interval from which the Shelby tube samples were drawn and 

[then] sampling the retrieved material. Due to the loose sandy conditions of site soil, it was 

difficult to retain a full 2 feet of soil within the Shelby tubes for some samples because the 

sample cores would slide downward within the tubes upon retrieval, resulting in loss of a 

fraction of the lower foot of soil. Collected samples were therefore sealed in place inside the 

tubes with heated wax and capped to prohibit shifting of samples into unoccupied portions of the 

tubes during handling and transport. All Shelby tube and grab samples were handled and 

processed in the manner described in Section 5.5 and shipped for physical characterization. r 
Five additional surface soil samples for remediation feasibility parameters (locations 33826 
through 33S30) were collected by pushing 6-inch stainless steel sleeves into the ground s u r f . .  . 
The locations of these sampling stations are also shown in Figure 5-5. The retrieved sample 

sleeves were covered with Teflon tape, [PVC] caps, and processed for grain-size analyses. 

In conjunction with the drilling, two Shelby tube samples were collected from the confining clay 

layer during split-spoon sampling of the deep borehole 33331, as shown in Figure 5-5. The 
Shelby tube samples were taken to determine permeability of the clay, and hence the potential 

for groundwater exchange between the surficial zone and the main producing zone. Two 2-foot 

samples were collected at 46 [feet] to 48 feet and 48 [feet] to 50 feet after penetrating through 

an upper 2 feet of silt-clay transition. Both samples were fully retrieved, sealed in place with 

wax, capped, and processed for shipment and analyses of physical characteristics. 
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5.2 Sediment Sampling 

[During the Phase I field investigation,] sediment samples were collected from the OU 10 

drainage ditch along the southern end of the site and from the Site 13 [depressions in the] 
dredge spoils area at the northern tip of Magazine Point. The drainage ditch sediments were 

sampled on January 20 and 21, 1993, as part of the overall study proposed in the OU 10 work 

plan. The [dredge spoil depression] sediments [at Site 131 were sampled on January 13, 1993, 

in response to the discovery of the recently dumped spoils; this sampling was an expansion of 

the original scope of work. Figures 5-6 and 5-7 show the station locations respectively for the 

OU 10 ditch sediment samples and Site 13 [dredge] samples. 

Four sediment samples were collected from the OU 10 drainage ditch. Four stations were 

established along the east-west banks of the ditch is shown in Figure 5-6. Sediments were 

collected from the center of the ditch by standing at the stations and extending a stainless steel 

bucket auger diagonally through the standing water and manually augering into the sediment 

substrate to an approximate depth of 1 foot. Retrieved material was collected in a stainless steel 

bowl. A grab sample was immediately separated and containerized for VOC analysis. The 

remainder of the material was homogenized with a stainless steel spoon and containerized for 
all other contamination assessment parameters. Undisturbed samples from Stations 1 and 2 were 
also collected for porosity and permeability analyses by manually pushing 6-inch stainless steel 

sleeves directly into the substrate. Retrieved sleeves were covered at the ends with Teflon tape 

and capped. 

r 

Seven sediment samples were collected from the Site 13 [depressions], as shown in Figure 5-7, 

by manually pushing 6-inch stainless steel sleeves directly into the subsurface. Samples varied 

in the comparative amount of retrieved fine-grained clay and organic [materials] versus amount 

of sand, depending on sample location. A high sand-to-[mud] mixture was yielded from 

[depression] samples 
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collected at the edges of standing water at roughly the transition between the 

[depression]-bottom sludge and sandy [depression] walls and samples collected from the western 
wind-exposed [depression] partly buried by wind-blown sand. Samples collected from the 

eastern deeper [depression] at the edges of standing water or from accessible internal portions 

of the largest [depression] yielded a high [mud] content. 

5.3 Surface Water 

During January 1993 [of the Phase I field investigation], a surface water hydrodynamics study 

and sampling of the southern OU 10 drainage ditch were accomplished. The hydrodynamics 

study was undertaken to determine the degree of hydraulic connection between the ditch and 

Pensacola Bay and the nature of surface water migration within the ditch. Surface water 

sampling, based on results of the hydrodynamic study, was conducted to determine the nature 

and degree of any impact the facility operations may have had on the ditch. f- 

Hydrodynamics Study 

The investigation was initiated by physical r e ~ o ~ a i s ~ a n ~ e  and observation of surface d d a g e  

features that supply, channel, or contain the ditch. Dimensions of the ditch, lateral extent, and 

depths of standing water were measured with a measuring tape. Observations of the ditch water 

and floating material were made to determine any water flow direction and flow rate. 

Staff and rain gauges were established to compare water level fluctuations in the ditch with tidal 

variation and rainfall. [The Pensacola Bay staff gauge] (PBSG) was [installed] approximately 

30 feet offshore and 900 feet north of the ditch. [The Southern Drainage staff gauge] (SDSG) 

was installed midway along the ditch. During a two-week period, [morning and afternoon or 

evening] readings of both staff gauges were conducted to coincide as [closely] as possible to 

high and low tides. Rainfall was recorded daily. 
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Sampling 

Surface water samples were collected from four stations established along the banks of the ditch 

on January 20, 1993 (see Figure 5-6). These were the same stations from which sediment 

samples were collected. Sample locations were chosen to provide approximate equilateral 

coverage of the ditch from its eastern to westernmost extent. Because the hydrodynamics study 

[did not indicate] tidal influence or measurable water flow in the ditch (to be discussed in 

Section 6 [Geological and Hydrological Results]), surface water [was sampled once in lieu 

of high tide and low tide] as specified in the SAP. 

Surface water samples were collected before the sediment sampl[es] and from east to west in an 

upstream direction to prevent the introduction of any stirred sediments into the water samples. 

The samples were collected from approximately the center of the ditch, and from mid-depth in 

the water column at stations where total water depth was greater than 1 foot. Samples were 

collected by slowly wading from the station banks to the center of the ditch to minimize 

sediment disturbance and waiting several minutes to allow for settling of any disturbed sediment. 

Water samples were collected directly into sample containers by submerging them with closed 

lids to the appropriate depth and opening them slowly under water. Sample aliquots for VOC 
analysis were collected first at each location by retrieving water in a decontaminated glass 

sample container and then slowly pouring the water into the appropriate sampling vials. Physical 

and chemical water parameters including water temperature, pH, specific conductivity, and total 

depth of the water column [were measured at each sample location.] This information is 
presented in Appendix E of this report. 

r" 

The collected samples from all four stations were processed and shipped for analyses of CLP 

TAUTCL and gross radiation contamination parameters. Sample aliquots from Station 2 were 

also processed and shipped for analyses for physical and chemical-physical characterization. 
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5.4 Groundwater 

The groundwater investigation was conducted between December 8, 1992, and 

February 19, 1993, [during the Phase I investigation, and between April 21 and 23, 1993, 

during the Phase II investigation]. The [investigation] included [installing] shallow, 

intermediate, and deep monitoring wells, [collecting) groundwater samples, and [conducting] 

a hydrologic investigation involving aquifer testing, potentiometric measurements, and tidal 

influence study. 

5.4.1 Monitoring Well Installation 

In all, [17] monitoring wells were completed at OU 10 [(16 during the Phase I investigation 

and one during the Phase 11 investigation)] to expand the [already] existing well network [to] 

better delineat[e] the nature and extent of [any] known and undocumented groundwater 

contamination at the site. Three monitoring wells were completed at Site 13 in an effort to 

characterize groundwater conditions beneath [it]. Locations of the monitoring wells [installed] 
near the rwTp are shown in Figures 5-8; the monitoring wells [installed] on Magazine Point 

were previously presented on Figure 5-7. In general, wells were placed at, or as close as 
possible to, the locations proposed in the work plans, with some adjustments due to overhead 

power lines or limited accessibility by drill rig. [Three] wells were added to the original scope 

of work to monitor areas not covered by the proposed or pre-existing well arrays: [33GO1] was 

installed at OU 10 in the swale area east of the former [ISDBs], as shown in Figure 5-8, in 

response to high VOC concentrations recorded during the soil-gas and groundwater screening 

survey, 13G19 was installed at Site 13 at the northern tip of Magazine Point, as shown in Figure 

5-7, to monitor for any impact on groundwater immediately downgradient from the recent 

dredge spoil dumping, [and 33620 was installed during the Phase 11 investigation north of 

the northeastern end of the IWTP, 4s shown in figure 5-8, to monitor for any extension of 

a contaminant plume in that direction]. Monitoring wells were completed in the 

Surficial/Sand-and-Gravel Aquifer at three levels consistent with previous well installations at 

OU 10. Shallow wells were completed near the water table in the upper level 

r" 
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Table 5-3 
Construction Details for Newly installed Monitoring Wells 

Level 

OU 10 Shallow 
Wells1 

ou 10 
Intermediate 
WVellsl 

OU 10 Deep Well 

Site 13 
Shallow Wells 

Well Number I Completion Depth (feet) 

[33G011 

[33GO23 

1336031 

[33G041 

15 

15 

15 

15 

I33GO51 I 15 

1336081 

[33GO93 

[33G101 

133G111 

[33G121 

I3361 31 

[33G141 

[33G151 

1336 1 61 

133G171 

133G20 

[33G 1 81 

11 36061 

11 3G071 

[I 3G191 

42 

43 

46 

42 

36.5 

39 

42 

36 

39 

37 

37.5 

77 

15 

15 

12.5 

~ 

Screened Interval (feet) 

5-1 5 

5-1 5 

5-1 5 

5-1 5 

5-1 5 

32-42 

33-43 

36-46 

32-42 

26.5-36.5 

29-39 

32-42 

26-36 

29-39 

27-37 

27.5-37.51 

67-77 

5-1 5 

5-1 5 

2.5-12.5 

of the surficial zone. Intermediate wells were completed at the base of the surficial zone 

immediately above the underlying clay layer. One deep well was completed in the upper level 

of the main producing zone that underlies the clay layer. Table 5-3 lists the wells installed at 

OU 10 and Site 13 with depths of completion and screened intervals. 
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Drilling Methods 

Borings for all monitoring wells except 13G19 wefe completed with a drill rig operated by C.B. 
Drilling [and observed by an E/A&H geologist.] Drilling methods included hollow-stem 

augering and mud rotary and manuallbailer installation. Deionized, organic-free water was used 

for down-hole introduction of water or drill-mud mixtures. Health and safety conditions were 

periodically monitored for VOCs with an OVA, and for explosivity with a [lower explosive 

limit] (LEL)/O, meter. Subsurface stratigraphy was noted by examination of cuttings brought 

to the surface by the drilling process. AU pertinent information was recorded in the drilling 

operations log book and boring logs. The latter are provided in Appendix D. 

Boreholes for shallow monitoring wells were drilled with 6[.25J-inch [inside diameter] (ID) 

hollow-stem augers, [then] advanced through the water table between 3 [feet] and 7 feet [in] 

depth to approximately 15 feet be]. PVC plugs were used at the lead ends of the augers to 

prohibit flowing sands from entering the hollow stems. Shallow well 13G19, located at the 

northern end of the dredge spoil area (Site 13) was installed by hand due to inaccessibility by 

drill rig. A post-hole digger was used to create a 6-inch diameter hole to 6 feet deep, and from 

there [the manual bailer method was used to advance the borehole to 12.5 feet depth and 

install the well.] 

?- 

Boreholes for B a s e  f l  intermediate wells were advanced to 23 [feet] or 24 feet bgs using 

hollow-stem augers, and completed down to the surface of the clay confining unit (encountered 

between 37 [feet] and 46.5 feet) by mud rotary technique. The hollow-stem augers were left 

in place during mud rotary drilling and acted as temporary surface casing to reduce the 

possibility of mixing shallow groundwater and intermediate depth groundwater and the potential 

of contamination drag-down. Size 6[.2!+inch ID hollow-stem augers and a 6-inch rotary drill 

bit were used [to install] 2-inch diameter wells, and 10[.25]-inch ID hollow-stem augers and a 
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6-inch drill bit with 8-inch reamer were used [to install] 4-inch diameter wells. Teflon tape was 

wrapped in the joints between auger flights to seal against fluid leakage and to supplement the 

integrity of the augers as surface casing. PVC or ABS plastic [was used to plug the] lead ends 

of the augers to prohibit flowing sands from entering the hollow stems during auger drilling. 

[The borehole for Phase II intermediate well 33620 was advanced with hollow-stem augers 

in the same manner as the Phase I shallow wells.] 

Boring 33831 for deep well [33618] was drilled down to the surface of the clay confining unit 

in a manner similar to that used for the intermediate borings. Size 10[.25J-inch ID hollow-stem 

augers were advanced to 24 feet and left in place to serve as temporary surface casing. Mud 

rotary drilling with a 6-inch drill bit and 10-inch reamer advanced the borehole [farther] down 

to the confining clay unit. Drilling was halted upon penetmting 2 feet into the clay at 46.5 feet. 

The borehole was then cased with 6-inch ID PVC and grout-sealed in place to seal off the 

borehole from the surficial zone of the aquifer above the clay. During grouting, the hollow-stem 

augers were removed. Once the grout had set for a minimum of 24 hours, old mud standing 

within the cased hole was flushed and replaced with new mud, and drilling resumed with a 

6-inch drill bit. [The cased borehole was used to drill through the surficial zone above the 

clay.] The borehole was advanced through the con f i i g  clay unit and 15 feet beyond into the 

underlying main producing zone, where drilling was terminated at 78 feet. Continuous sampling 

of the deep borehole was undertaken for stratigraphic evaluation, as discussed in Section 5.1 

[(Soil)] of this report. The stratigraphic log is included in Appendix D. 

r 

Monitoring Well Construction 

Groundwater monitoring wells were constructed to comply with all applicable federal, state, and 

local agency regulations. Well construction, installation, and development [complied] with the 

f- 
I 
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S A P  for OU 10 and its amendments. All well installations were [observed] by an E/A&H 

geologist. 

Seventeen wells were completed as 2-inch diameter wells, and two ([33616, 33617) were 

completed as 4-inch diameter wells. Well materials correspondingly consisted of 2- or 4-inch 

diameter, flush threaded, [Schedule 401 PVC riser casing and 0.010 slot [Schedule 401 PVC 
screen. The choice of screen size was determined to be suitable for site soil based on grain-size 

analyses (Appendix F). AU wells uniformly included 10-foot screened intervals. Shallow wells 

were set through the annulus of the augers while intermediate and deep wells were set in open 

boreholes produced by mud rotary techniques. Well-specific construction details can be found 

on the well completion logs in Appendix G. 

Minimum borehole diameters of 6 inches for 2-inch wells and 8 inches for 4-inch wells resulted 

in a uniform minimum 2-inch annulus around the screens and risers. Silica sand (10-20) was 

used to backfill around the screened intervals and [to] seme as a filter pack. In shallow wells, 

the sand was poured into the annulus while in intermediate and deep wells the sand was installed 

[through a tremie pipe] with deionized organic-free water. Due to the unstable conditions of 

the natural sand beneath the site, the introduction of water during tremie placement thinned the 

drill mud in the boreholes, allowing native sand to collapse around the well screens periodically 

during filter pack emplacement. All wells were sand-packed to [at least] 2 feet above the 

screened intervals. 

r 

A seal of [0.25)-inch [diameter] bentonite pellets was [installed] above the sand pack to [at 

least 2 feet thick]. [For shallow wells, in which the seal was placed above the water table,] 

the bentonite was [hydrated] with deionized, organic-free water to promote hydration. 

5-27 
Wold items in brackets denote changes 

to the first draft of document.] 



pad. 

5.4.2 Well Development 

Or@ Final Remedid Investigatwn Report 
NAS Pensacola Operable Unit 10 and Site 13 

Section 5 - Field Investigation and Methodology 
October 14, 1994 

Intermediate and deep wells were grout-sealed above the bentonite to within 2 feet of ground 

surface. Initially an USEPA-approved bentonite grout was used on wells [33GoS] and its 
replacement, [33GOSA], as per the SAP. wel l  336081 failed during grouting when the thick 

bentonite grout plugged the inside of the augers, causing the well to be pulled up when the 

augers were retrieved. Replacement well [33GoSA] was successfully installed with the bentonite 

grout. [Grouting specifications were revised to neat cement grout because ofJ objections 

from FDEP and Northwest Florida Water Management District (NWFWMD). [The 

cement-based grout used to fill the annular space] consisted of approximately 6 gallons of 

deionized organic-free water per 95-pound bag of Portland cement. Consequently, wells 

[33GO8] and [33GOSA] were abandoned in accordance with NWFWMD abandonment 

procedures and replacement well [33608] and all other intermediate and deep wells were grout- 

sealed with the cement-based grout. 

r 
AU wells were capped with a concrete surface pad that sealed the remaining annulus above the 

bentonite seal or grout and measured [3'x3'x6"] at the ground surface. Approximately 2.5 feet 

of riser stickup was left above the ground surface. Each wellhead was covered with an outer 

protective steel casing emplaced approximately 2 feet into the ground and equipped with a 

locking cap. Four protective steel bumper posts were installed at the comers of the concrete 

Monitoring wells were developed by E/A&H throigh altern ion of surging and pumping. A 

5-horsepower centrifuge pump, PVC tubing, and foot-valve were used to develop all 

intermediate [and] deep [wells], and some shallow wells. Other shallow wells were developed 

with a Brainard-Wan hand pump. PVC surge blocks, either 2 inches or 4 inches in diameter, 
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and PVC extensions were used to surge the wells. Pumping and surging [were] generally 

[repeated] two or three times per well. 

Discharge rate, pH, conductivity, temperature, and visual water quality were monitored. mtia l  

development of the intermediate and deep wells yielded thick remnant drill mud; much of 

the mud was evacuated fairly quickly. Development proceeded slowly] until pumped 

groundwater reached a consistent state of reasonable clarity, and pH, conductivity, and 

temperature stabilized. Shallow wells yielded from one to four 55-gallon drums of development 

water before [stabilization], while intermediate and deep wells yielded from two to five 

55-gallon drums. 

Development of the two 4-inch intermediate wells within the IWTP yard ([33616 and 336173) 

proceeded slowly due to the low permeability of the screened formations. These two wells did 

not clear after lengthy development. [33616] yielded a consistently black water containing a 

very high concentration of [extremely fiiegrained material] and [33617] yielded a consistently 

brown, frothy water. [All] other wells lyielded] clear [to] yellow-tint [groundwater] with very 

little to no silt or suspended material. 

r 

5.4.3 Groundwater Sampling 

Groundwater was sampled from 24 wells at OU 10 and from three wells at Site 13 from 

January 25 through February 3, 1992. These wells included the 19 newly installed wells of this 

field investigation and eight of the 43 already [installed] wells at OU 10 (as outlined in the 

approved work plan). Table 5-4 lists the wells sampled, their depth ranges, the [sample 

numbers, and the parameters analyzed]. The sampling event emphasized the shallow and 

intermediate groundwater levels where elevated contamination has occurred. Only one deep 
well, newly installed [33618], was sampled to characterize deep groundwater conditions. 
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Level Well Number Sample Number 

Shallow 133601 I 33601001 

[33602] 33602001 

I336031 33603001 

I336041 3360400 1 

[33G051 33605001 

r' 

P ~ m e t e r S  Analyzed 

CLP TCL/TAL 
physical Parameters 

CLP TCVTAL 
Gamma Spectroscopy 

CLP TCLmAL 
Physical Parameters 

CLP TCVTAL 
Gamma Spectroscopy 

CLP TCL/TAL 

I1 36071 

[13G191 

GM-13 

GM-71 

GM-72 

GM-76 

II 
11 3lG07001 

33619001 

33GiGMl131 

33G[GM]7 1 1 

33G[GM1721 

33GIGMl761 

I I136061 I 33606001 

Intermediate 

CLP TCL/TAL 

GM-77 33GIGMl771 

GM-78 33GIGMl781 

GM-81 33GIGMl811 

I336081 33608001 

r336091 33609001 

II I 

[33G10] 

[33611 I 

I3361 21 

I336131 

~~ ~ 

33G10001 

33G11001 

33G12001 

33613001 

CLP TCVTAL 

CLP TCL/TAL 

CLP TCL/TAL 

CLP TCVTAL 

CLP TCL/TAL 

CLP TCVTAL 
Physical Parameters 

CLP TCVTAL 
~ ~~ 

CLP TCVTAL 

CLP TCL/TAL 
~ ~~ 

CLP TCL/TAL 
~~ 

CLP TCLmAL 
physical Parameters 

CLP TCL/TAL 

CLP TCL/TAL 
~ 

CLP TCLffAL 
Gamma Spectroscopy 

CLP TCLmAL 
Physical Parameters 
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Table 5 4  
Sampled Wells and Parameters Analyzed 

Sample Number Parameters Analyzed Level Well Number 

Intermediate [33614]  33614001  CLP TCL/TAL 

13361 51 33G15001 CLP TCLnAL 

[33616]  33G16001 CLP TCL/TAL 
Physical Parameters 

Physical Parameters 
[33617]  33G17001 CLP TCL/TAL 

RW-3 33GR3001 CLP TCL/TAL 

Deep I 3 3 6 1  81 33G18001 CLP TCLnAL 
Physical Parameters 

J 

Prior to purging and sampling each well, water level and total well depth were measured with 

an electronic water-level indicator, and the volume of water within the well was calculated. The 

water table and well bottom were checked for floating and sinking non-aqueous phase liquids 

with either a product interface probe or a clear Teflon bailer lowered to the appropriate depth 

and retrieved for visual inspection. Wells were then purged using either a Teflon bailer or PVC 

hand pump with a one-direction check valve. [Hand pumps wese used only on intermediate 

and deep wells.] Where the hand pump was used, a final polishing volume was removed with 

a Teflon bailer. The groundwater field pamneters pH, specific conductivity, and temperature 

were measured with each removed well volume to monitor water stabilization. Water was 

considered stable and ready for sampling after three consecutive pH, specific conductivity, and 

temperature readings were within t 0.5, 5 [percent] and -f 1 "C standard units, respectively. 

Monitoring wells [3361q and [336173 were repeatedly purged dry and were therefore sampled 

after two well volumes [were] removed [and the wells had recovered enough to yield 

sufficient sample volume]. Groundwater sampling was performed using Teflon bailers with 
stainless-steel leader cables. 

f- 

iF 
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Samples were collected for CLP TAL/TCL and radiation parameters, including total (unfiltered) 
and dissolved (filtered) TAL metals. One out of every 10 monitoring wells was also sampled 

for gamma spectroscopy analysis in addition to gross alphdbetalgamma radiation. Nine wells 

were analyzed for physical characterization parameters (Tables 5-1 and 5-4). Sample containers 

for VOC analyses were filled first, followed by semivolatile containers and the remaining sample 

containers. [While filling the VOC containem, precautions were followed to minimize water 

disturbance]. Sample aliquots collected for dissolved TAL metals analysis were filtered 

directly from the bailers through disposable 0 . 4 5 ~  filter attachments prior to sample 

preservation. Weather conditions, initial water levels, purging and sampling times, purge 

volumes, and groundwater temperature, pH, and specific conductance were recorded on 

groundwater sampling forms during purging and sampling. 

5.5 Sampling Protocol 

Sampling activities wefe conducted in accordance with [the U.S. Navy-, FDEP- and] 

USEPA-approved SAP, and the USEPA Region IV Standard Openations Procedures and Quality 

Assurance Manual (SOP/QAM) (USEPA 1991b). Where warranted by field conditions, 

deviations from the approved procedures were carried out and appropriately documented in 

accordance with the SOP/QAM. Specific sampling procedures varied with each task and are 
detailed in Sections 5.1 through 5.4 of this report. 

Sample Handling 

Handling of sampled materials was kept to a minimum. Where possible, [samples were placed 

into] their containers [on site]. Where it was necessary to transfer material from sampling 
devices to containers, the operation was conducted expediently in as clean an environment as 

possible. New gloves were donned prior to the collection of each sample. Empty containers 

were kept packaged until they were used. Sampling was not conducted in steady rain. Where 

r' 
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sample aliquots were collezted for separate analyses, those for volatile analyses were 

containerized first from unhomogenized material to minimize any degassing. Containerized 

samples were immediately [placed into coolers and] chilled. 

QMQC Samples 

[QA/QC] samples were collected as quality checks on field and laboratory procedures. QNQC 

samples were used to test for the level of reproducibility attainable in the sampling and analytical 

process, quality of equipment decontamination, quality of source waters and materials, sample 

exposure to ambient contamination during handling, and level of laboratory precision. 

Field QNQC samples were collected in accordance with the S A P  and the SOP/QAM. The 

samples [collected] are as follows. 

f- 

Type and frequency: 

0 Duplicate samples were collected for every 10 samples for each sampling task. 

0 Equipment rinsate [blanks] were collected from the sampling equipment specific to each 

task on a frequency of one for every 20 samples or one for batch decontamination of 

identical sampling devices. 

0 Material blanks were collected once for each of the accessory materials used in drilling 

and well construction (bentonite mud, filter sand, bentonite pellets, [and] 

cementlbentonite grout mixture). 
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One field blank per week [(as defined by NEESA criteria)] was collected from a 

deionized, organic-removal water system at the E/A&H field trailer. 

Water source blanks were collected once from a decontamination area pressure cleaner 

and from the rig-mounted drilling water source tank. 

[One] matrix spike and matrix spike duplicate (MS/MSD) sample w[as] collected [for] 

every 20 surface water and groundwater samples. MS/MSD soil and sediment sample 

aliquots were separated in the laboratory from one of every 20 samples submitted. 

QNQC samples were analyzed for the same [analytical] parameters as the [associated] 

environmental samples. [Analytical results for the QA/QC samples are presented in 

a database summary in Appendix R.] 

Sample Containers and Preservation 

Stainless steel sleeves were supplied by Envirotech, Inc. All other sample containers were 

supplied by CompuChem Laboratories, Inc. The laboratory-provided containers were precleaned 

and certified. The stainless steel sleeves were cleaned by WA&H staff at the field trailer. 

[Rinsate blanks were collected from the stainless steel sleeves]. Table 5-5 lists the sample 

containers and the sample media and analyses for which they were used. Sample preservation 

[techniques] followed guidelines presented in the S A P  and the SOP/QAM, and [are] also 

[summarized] in Table 5-5. 

Sample Packaging and Shipment 

Shelby tube samples were packaged in reinforced cardboard boxes for shipment. All other 

samples were packed in sturdy coolers. Bagged and sealed ice or blue-ice blocks were arranged 

within containers in sufficient volume to maintain uniform and appropriate preservation 
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Sample Container 

11 Soil/Sediment 

Preservative 

I cLp TAL TCL 
6-in S.S. sleeve 
4 02. glass jar 

Shelby tube 
6-in S.S. sleeve 

~~ 

Physical parameters I 
4oc 

- 

Sediment 

Soil/Sediment 

Physical parameters 

Chemical-physical parameters 

Surface water/groundwater 

Surface water/groundwater 

CLP TCL VOCs 

CLP TCL SVOCs 
CLP TCL Pesticides/PCBs 

40 ml glass vial 

1 L. amber bottle 

4OC - HCI, pHC2 

4oc 

Surface waterlgroundwater 

Surface water/groundwater 

1 L. Nalgene bottle 
6-in S.S. sleeve 

CLP TAL Metals 
-filtered 
-unfiltered 

Cyanide 

1 L. Nalgene bottle 14°C 

Surface watedgroundwater 

Surface water/groundwater 

Surface watedgroundwater 

Gross alpha, beta, gamma radiation 
Gamma Spectroscopy 

BOD, TSS, Alkalinity, Nitrogen 

COD, Phosphorus, TKN 

1 L. Nalgene bottle I 4OC - HNO,, pH<2 

1 L. Nalgene bottle 

1 L. Nalgene bottle 

1 L. amber bottle I 4°C - NaOH, pH> 12 

4% 

4OC - H1SO4, pH < 2 

1 L. amber/Nalgene bottle 1-i.: 

1 L. Nalgene bottle 

40 ml glass vial 

4OC - "03, pH <2 

4oc 

Surface watedgroundwater 

Surface watedgroundwater 
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temperatures during shipment. Temperature strips were placed within all coolers. Trip blanks 
were placed in coolers containing samples for VOC analyses. Vermiculite was used to ffl 

voids, to keep breakable containers separated, and to provide cushion during shipment. 

Chain-of-custody records were completed separately for each cooler and placed inside with the 

samples. The lids of the coolers were secured with strapping tape and sealed with a signed 

custody seal. 

The packaged samples were shipped overnight via Federal Express priority service for next 

morning delivery. The receiving laboratory was notified to expect a next-day delivery, and a 

follow-up phone call verified the arrival of the shipment. Most sample batches with limited 

holding times were shipped to the laboratory on the same day of collection. However, when a 

long sampling day and large quantity of samples did not allow sufficient time for proper 

processing and packaging, the samples were stored overnight under refrigexation (4" C or less) 

inside the locked trailer and shipped the following day with due notice to the laboratory about 

the delay in shipment. All sample shipments were reported to have arrived at the laboxatory in 

good condition and at appropriate temperatures, and all samples were extracted and analyzed 

within the required holding times. 

f - 

Chain-of-Custody 

To ensure the integrity of the sample-transfer process, a strict chain-of-custody procedure was 

implemented for all samples collected. This procedure was initiated in the field for each 

sampling event and carried out through custody transfer to the contract laboratory. A 

chain-of-custody form was completed for each shipping cooler itemizing sample numbers, 

Containerization, preservative, analyses requested, date and time of sampling, and Federal 

Express shipment number. Custody transfers were recorded by signature, date and time of 
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relinquishment, or receipt of custody by the parties involved. Coolers or packages were sealed 

with custody seals during transport. 

Auxiliary Data 

Auxiliary data pertinent to sampling activities were collected for each sampling event. Field 

information included identification of sampling personnel, time of sampling, description of 

location, weather conditions, equipment/sample containers used, sampling methods used, test 

equipment used, any physicflchemical parameters measured, soil lithology and stratigraphy, 

problems encountered, procedural deviations, [calibration and equipment checks], etc. This 
information was recorded in appropriate field logbooks dedicated to specific sampling activities. 

Pertinent information was also recorded on boring logs, well completion logs, and groundwater 

sampling forms. Daily site activities were summarized in a site master log. 

r 
Decontamination 

Decontamhition of equipment used during the field investigation was conducted in accordance 

with guidelines set forth in the S A P  and the SOP/QAM. All exploration and sampling 

equipment [was] decontaminated prior to [its] use at each sampling station, while sampling 

equipment contact[ingl the actual sampled material was decontaminated between each sample 

collection at any given station. Decontamination was accomplished as follows. 

Decontamination Procedures: 
0 

0 

e 

0 Two isopropanol rinses 

[Laboratory grade detergent] and water wash 

Tap water or anal yte-free (deionized/organic-free) water rinse 

[ASTM Type IIQ water rinse 
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e Analyte-free water rinse 

0 Air dry 

Decontaminated sampling equipment was wrapped in aluminum foil if intended for transport or 

storage before use. Large equipment .was decontaminated at a dedicated decontamination area 
set up within the bounds of the IWTP. The decontamination station was constructed of a wood 

frame and heavy plastic groundcover which funnelled decontamination water into a collection 

sump. A pressure-washing machine was used to spray down the large equipment and drill rig 

with water and [detergent]. Small equipment was decontaminated at the [E/A&HJ field trailer. 

Investigation-Derived Wastes 
Wastes derived from the field investigation included drill cuttings, drill muds, well development 

and purge waters, decontamination water, used personal protective equipment, and well 

construction material wrappings. Generated wastes were handled [to] minimize contact with the 

environment. Soil retrieved from hand-auger brings [was] placed on plastic sheeting or inside 

plastic bags. During rig drilling, plastic ground cover was laid down over the boring locations 

to contain drilling spoils. Drill muds were channeled and recycled from the boreholes into an 
approximately 75-gallon mud pan. Wastewater from activities at the decontamination area was 

contained within the plastic liner of the station and channeled into a plastic-lined sump pumped 

out regularly. 

Wastes generated at each well site and at the decontamination station were containerized in 

w. S. Department of Transportation] (DOT)-approved %-gallon drums and are being 
maintained at their places of origin pending proper disposal by the Navy. All drums were 

marked with the sample location (well number, etc.), date, and type of investigation-derived 

waste [OW)]. 
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Drill cuttings from the small hand-auger borings were replaced into the boreholes. Personal 

protective equipment and well construction material wrapping were either containerized in the 

drums along with the drill cuttings, etc., or disposed of [in accordance with the SAP.] 

5.6 

Hydrologic investigations conducted during RI field work included tidal influence studies, 

piezometric surface mapping, and several aquifer tests. 

Rationale and Methods for Hydrologic Investigations 

5.6 1 Tidal Influence lnvestigations 

Two methods of investigation were used to determine tidal influence on water levels in wells 

associated with OU 10. [Relatively,] long-term tidal effects were investigated in detail by 

monitoring water levels in a shallow well located near Pensacola Bay. [Secondly,] the areal 

distribution of tidal effects was investigated by measuring water levels across the site at low tide 

and again at high tide on the Same day. 
f- 

Long-Tern Tidal Investi.gation 

To investigate the redationship between onsite shallow groundwater elevations and tidal 

fluctuations, water levels in shallow monitoring well GM-77 were monitored for 13 days using 

an automatic data logger. A pressure transducer was placed in the well and connected to a 

TerraLoggerKl data recorder programmed to measure and record the water level in the well at 

30-minute intervals. Data recording started at [16:03 hours] on January 22, 1993, and 

continued until the transducer was removed from the well at [ E 0 3  hours] on February 3, 1993. 

To determine potential tidal effects on groundwater levels, predicted tidal information for the 

Wamngton section of Pensacola (near the main gate of NAS Pensacola) was obtained from the 

National Ocean Services of the Department of Commerce reported in the Pensacola News 

r" 
I 
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Journal and compared to the recorded groundwater levels. Data from the TerraLoggerII and 

predicted tidal information for Warrington are presented in Appendix H. 

Periodically throughout the monitoring period, the data logger recorded anomalous readings 

caused by [equipment] malfunctions. [During periods of malfunction, the data logger 

recorded the value 16.7 feet for each measurement regardless of actual water level.] 

Despite these malfunctions, the monitoring period was long enough to obtain a sufficient quantity 

of unaffected data to interpret the relationships between tides and shallow groundwater. The 

results and a discussion of the tidal influence investigation are presented in Section 6. [3]. 1. 

Areal Distribution of W Influence 

Information concerning the areal distribution of tidal influence was generated by comparing the 

high and low tide piezometric surface data described below. The data were collected on the 

same day during opposing phases of the tidal period. Low tide groundwater levels were 

subtracted from high tide groundwater levels to determine the mount of groundwater level 

change. The changes in groundwater levels were plotted on site maps to investigate the 

distribution of tidal change. The maps and a discussion of the areal distribution of tidal 

influence are presented in Section 6.3.1 [Tidal Influence]. 

f- 

5.6.2 Piezometric Surface Mapping 

Piezometric surface maps [of each monitored depth] were constructed to investigate the 

direction of groundwater flow and determine if groundwater flow direction changes with tidal 

fluctuation. On February 18, 1993, two sets of water level measurements were collected from 

the wells associated with OU 10. The first set of measurements was obtained between [07:00] 

and [08:00] hours during low tide, the second set between [20:00] and [21:30] hours during high 

tide. The set of monitored wells included the newly installed E/A&H wells, the E&E wells, the 
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[G&M] wells, and many of the recovery wells. Water levels were measured to the nearest 0.01 

foot using electronic water level measuring devices. Measurements were taken from the 

designated measuring point on the top of each well casing. 

Each depth-to-water measurement was subtracted from the top of the well casing elevation to 

obtain the elevation of the piezometric surface. Piezometric surface elevations were contoured 

to produce the piezometric maps presented and interpreted in Section 6.3.2. 

5.6.3 Aquifer Testing 

Specific capacity tests, rising and falling head slug tests, and short-term pumpinglrecovery tests 

were conducted during the RI to enhance estimates of aquifer characteristics. For each of the 

three kinds of aquifer tests, In-Situ pressure transducers and Hermit lOOOC data loggers were 

used to measure and record water levels in pumping wells and some observation wells. During 

some tests, some observation wells were monitored by hand with an electronic water level 

indicator. To facilitate graphing of the data, the data loggers were programmed to record water 

level measurements on a logarithmic time scale. In the field, data from the Hermits were 

downloaded to a portable computer for transport to the office. 

r" 

Aquifer parameters were calculated from the specific capacity test data using a computer 

program developed by Bradbury and Rothschild (1985) which is based on equations presented 

in Lohman (1972). Data from the slug tests and pumping/recovery tests were compiled using 

the computer program Aquifer Test Solver (AQTESOLV) by the [G&N Modeling 
Group (1989). AQTEsOLV has seveml widely published and accepted analytical solutions for 

many different kinds of aquifer tests. [Unconfined analytical solutions were used for shallow 

and intermediate depth wells, and confined solutions were used for deep wells.] The specific 

capacity test, slug test, and pumping/recovery test results are summarized and discussed in 
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Section 6.3.3, [Aquifer Parameter Estimation]. Depending on the output format of the 

computer program, certain variables were calculated by hand. When the output only produced 

either transmissivity or hydraulic conductivity values, the unknown parameter was derived from 

the following relationships: 

K = T/b or T = Kb 

Where: 

IC = hydraulic conductivity 

T - - transmissivity 

b = aquifer thickness 

The [saturated] aquifer thicknesses used for shallow and intermediate-depth wells were assred 

to be 40 feet. Where possible boring logs from intermediate wells were used to derive a 

location-specific. Aquifer thickness typically ranging from 35 feet to 42 feet. Aquifer thickness 

for the deep aquifer was estimated at 300 feet. 

Groundwater velocities were calculated using the following formula: 

V = K i / n ,  

Where: 
V = horizontal groundwater velocity 

K = hydraulic conductivity 

i = horizontal hydraulic gmdient 

n, = effective porosity 

An effective porosity of 0.25 was estimated for unconsolidated sand from Heath (1989). 
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Specific Capacity Tests 
While several of the WA&H wells were being purged or developed during the investigation, 

specific capacity tests were conducted to [provide first order estimates ofJ transmissivity and 

hydraulic conductivity. Drawdown in the well being purged and the duration of pumping were 

entered into the [Bradbury and Rothschild (1985)l computer program with other variables 

characteriz[ing) the aquifer and the pumping system. The program estimate[d] specific capacity, 

transmissivity, and hydraulic conductivity. Copies of the input and output information for each 

tested well are presented in Appendix I. 

The two assumed variables entered into the specific capacity program were the storage 

coefficient and well-loss coefficient. A storage coefficient of 0.25 was estimated for unconfined 

fine- to medium-grained sand aquifers from Todd (1980). The storage coefficient used for 

calculations associated with deep monitoring well [33618] was 0.001. A well-loss coefficient 

of 0.75 was selected [(for all wells that were analyzed)] from Todd (1980) for well screens and 

sand packs that have mild deterioration and clogging. 

f- 

Slug Tests 
Rising and falling head slug tests were performed on the newly installed W/A&HJ wells not 

tested using the specific capacity method. The slug consisted of a 3-foot long, 1-inch diameter 

solid steel cylinder with a steel ring welded [to] one end. A rope tethered to the ring suspended 

the slug in the weUjust above or below the water level. At the beginning of each test, the data 

logger was activated the instant the slug was either lowered into or removed from the water. 

When the slug was instantaneously introduced into the well, the water level and the time "To" 
were recorded. Periodically, water level/elapsed time measurements were recorded as the water 

level fell back to the original static level. Similarly, each rising head slug test was performed 

by removing the slug and recording water 1eveYelapsed time measurements as the water level 
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rose back to static level. 

[magnitude] of change [in water level] and the hydraulic conductivity of the aquifer. 

The time required for each slug test was a function of the 

Hydraulic conductivity (K) [for the shallow and intermediate depths] was computed with 

AQTESOLV using equations developed by [Cooper and Jacob (1946), Theis (1935),] Bouwer 

and Rice (1976) for unconfined aquifers. Rising and falling-head slug test data were plotted on 

semi-logarithmic graph paper as time (elapsed) versus displacement (change in water level). The 

AQTESOLV graphs are presented in Appendix J. 

Pumping/Recovety Tests 
Several short-term constant rate aquifer pumping and recovery tests were performed on a 

selected group of wells associated with OU 10 [in an effort to measure aquifer characteristics, 

determine magnitude and radius of influence of pumping wells, and determine rates of 

discharge needed for an effective groundwater recovery program.] The aquifer pumping 

tests involved pumping a well at a constant rate (discharge) while simultaneously recording water 

levels [in the pumping and observation wells,] and the time elapsed from the start of pumping. 

Similarly, during recovery tests, water levels were recorded after the pump was shut off. The 

water 1eveYelapsed time measurements were made in the pumped well and one [or more] 

observation wells. 

f- 

The pump used during the aquifer pumping tests was a Gmndfos Redi-H02 2-inch [diameter] 

Environmental Submersible Pump. The Redi-Flo2 is a variable-speed pump constructed of 

stainless steel and Teflon to fit in a 2-inch diameter well. The electronic control unit supplied 

with the Redi-Flo2 allows the pump's discharge rate to [vary] from 0 gallons per minute (gpm) 

to 9 gpm. Once a test was started and the pumping rate adjusted, the discharge was estimated 

by measuring the volume of water in gallons collected [in] one minute. 
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During the pumping and recovery tests, a maximum of three wells (the pumped well and two 
observation wells) were monitored with pressure transducers and Hermit data loggers. Up to 

four other observation wells were monitored by hand with electronic water level indicators. 

[During testing, wells that were monitored consisted of both wells open to the same depth 

as the production well, and wells open to other depths. For example, when a shallow well 

was used as the production well, adjacent intermediate wells were also monitored for 

change.] Additionally, barometric pressure was monitored during each test [(via a 

barometric-transducer connected to one of the Hermits)] to investigate the effects of 

atmospheric changes on water levels. Because the pumping/recovery tests were relatively short 

(less than 6 hours) [and weather conditions exhibited little variation,] barometric changes 

during the tests were minimal. Therefore, barometric pressure had little [to no] effect on water 

levels and drawdown data were not corrected for barometric variation. 

In accordance with the [approved site S A P  and work plan], pumping tests were conducted 

using RW-5 and [3361q as production wells. [The tests] were [originally scheduled] for eight 

hours or until drawdowns in the observation wells stabilized. However, [specific capacities of 

the wells RW-5 and 33616 were so low prolonged pumping at reasonable discharge rates 

was impossible, and consequently the radii of influence were quite small. Several additional 

tests were therefore] conducted utilizing RW-4, RW-7, and PCI-1 as production wells. 

Overall, while useful data about aquifer characteristics have been gained from these tests, 

[specific capacities at RW-4, RW-7 and PCI-1 were so low that discharge rates approaching 

those necessary to induce significant effects in observation wells were not reached]. 

r 

[Aquifer pumping test data were analyzed using the AQTEsOLV curve matching program. 

Theis (1935) and Cooper-Jacob (1946) solutions were applied to the data after correction 

for dewatering effects in an unconfiied aquifer (Kruseman and DeRiddle 1979). Data are 

presented graphically in Appendix K.] 
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6.0 GEOLOGICAL AND HYDROLOGICAL RESULTS 

6.1 Site-Specific Geological Interpretation 
Findings from the subsurface investigations for this study show a subsurface stratigraphy 

consistent with previous studies at NAS Pensacola. All brings were confined to the Sand-and- 

Gravel Aquifer. Ten brings for intermediate wells penetrated the fill thickness of the suficial 

zone and one deep boring penetrated the full thickness of the confining unit between the surficial 

and main producing zones. Results of continuous split-spoon sampling allowed for the 

stratigraphic characterization of the surficial zone, the low permeability zone and the upper part 

of the underlying main producing zone. Boring logs for all brings completed in this study are 

provided in Appendix D. 

Geologic cross sections were prepared using data from this investigation and available boring 
logs from previously installed wells. Figure 6-1 presents [the map locations of the two 

geologic cross sections]. A-A' extends roughly parallel to the north-south axis of Magazine 

Point Peninsula, and B-B' extends roughly perpendicular to the long axis of the peninsula. 

[Figure 6-2 presenwross sections of the subsurface beneath the IWTP]. In the current 

investigation, as [in] previous studies, the base of the] suficiakzone was encountered at total 

depths of 37 [feet] to 43.5 feet [bgs]. The zone consists of medium to fine, poorly graded 

quartz sand. The water table varied from 4 feet deep beneath the general elevation of the IWTP 

yard to less than 1 foot beneath the [possible] wetlands to the north. Cuttings from several 

borings yielded sands with dark brown, organic-rich pore water and an acrid H,S odor beginning 

at a depth of about 18 feet. 

f" 

The low permeability zone was encountered at the base of the surficial zone sands in all 

intermediate and deep borings for this and previous studies, indicating this zone is continuous 

beneath the IWTP area. The cross sections of Figure 6-2 show the low permeability zone is 
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deepest at the southern end of the IWTP, and rises northward by as much as 5 [feet] to 6 feet 

beneath the northern yard of the IWTP and the [possible] wetlands to'the north. The low 
permeability zone also thickens from 12 [feet] to 17 feet eastward toward Pensacola Bay. 

Previous logs indicate this zone is comprised of dark blue clays with shell fragments and gray 

clays with wood fragments. Continuous sampling in boring 33S31/[33Gl8] [exhibited] a more 

complex stratigraphy: an upper 13 feet of dark blue/gray and green/gray marine clay with 

horizons containing shell fragments or minor sand lenses and wedges, underlain by 5 feet of 

predominantly dark brown laminated clay with limonite layers. The transitions from the 

overlying surficial sands to the clays of the low permeability zone, and from the clays to the 

main-producing zone sands underlying the low permeability zone, are marked by silt or fine sand 

horizons approximately 1 [foot] to 1.5 feet thick. 

The main producing zone was encountered in the one deep boring [(33Gl8)] of this study, as 
well as in four deep borings completed in previous studies. The upper 15 feet of this zone are 

characterized by medium- to fine-grained quartz sand similar to the surficial zone. 

?- 

6.2 Surface Water Hydrologic Results 
Results from the southern drainage ditch study indicate the ditch receives discharge from at least 

three [surface] sources shown in Figure 6-1: (1) drainage culverts extending into the western 
end of the ditch from the direction of Chevalier Field, (2) a [possible] wetland located along 

the north side of the ditch, and (3) a north-south ditch which drains the southern yard of the 

IWTP and discharges to the southern ditch via the [possible] wetland. At the time of the study, 

the southern ditch held standing water along the eastern 900 feet of its approximate 1,140[-foot] 

length. Width of the standing water increased eastward from 8 [feet] to 32 feet with 

corresponding depth from 1 to 3.5 feet. 

/". 
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Throughout the study of the drainage ditch, a natural berm dammed the surface water of the 

ditch, preventing any direct discharge into Pensacola Bay. Prior to the ditch study, the berm 

was observed by E/A&H personnel to have been partly breached the day after a winter storm, 

and a limited stream of water was freely flowing from the ditch into Pensacola Bay. Subsequent 

beach deposition, presumably by tidal action, rehealed the berm within days. 

[According to] water level studies, the surface water elevation in the ditch fluctuated [only] 

slightly with tides in Pensacola Bay under normal conditions when the natural bem was intact. 

During the February 18, 1993, water level measuring event, low tide elevations of the ditch 

water and the bay were 1.73 feet and -0.98 feet, respectively; high tide elevations were 1.75 feet 

and 0.18 feet, respectively. The slight fluctuation is comparable to the tidal fluctuations 

observed in groundwater at the IWTP, [indicating a hydraulic connection between the two]. 

Surface water was not observed to move at any measurable rate during the ditch study. r' 

The water level of the ditch was observed to fluctuate dramatically in response to rainfall, 

however. On one event when the nearby rain gauge recorded approximately 0.7 inches of 

rainfall, the water level in the ditch [rose] 2.5 inches. Rainstorms of lesser volume produced 

comsponding[ly] smaller rises in water level. 

6.3 Groundwater Hydrologic Results 
6.3.1 Tidal Inf'luence 

Results of both investigative methods for tidal influence provided strong evidence [ofJ tidal 
fluctuation affect[in& groundwater levels at the site. 
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Long-Term Tidal Effects 
The water level measurements collected from shallow well GM-73 fluctuate from high-to-low 
levels on [approximately] 12-hour intervals. When the groundwater level peaks and troughs 

are compared to predicted high and low ti& data for Warrington, the groundwater level highs 

and lows coincide with the tidal highs and lows. However, the high and low groundwater levels 

in the well lag behind the high and low tides by an average of 4 hours and 40 minutes. One 

possible explanation for part of the observed lag time [is] high and low tide at GM-73 may occur 

later than high and low tide at the location in Pensacola Bay where the predicted tidal 

information was reported (e.g., Warrhgton). [However], according to Fetter (1988), most of 

the lag t h e  may have resulted from the limited hydraulic connection between the aquifer and 

the bay]. The lag time of aquifer response to tidal changes is [generally] governed by distance 

from the [bay], the tidal period, and the storativity and transmissivity [(T)] of the aquifer. Lag 

time increases as distance inland increases. P 

The greatest recorded change between any high/low groundwater level pair was 0.43 feet, which 

occurred on February 2, 1993. The greatest predicted [difference between high and low tide, 

1.8 feet,] occurred on the same day. 

In summary, the following reasons indicate shallow water levels are influenced by tidal 

fluctuations: 
0 Groundwater levels in GM-73 rose and fell on approximately 12-hour intervals, which 

was consistent with the tidal period predicted for Pensacola Bay at Wanington. 

High groundwater levels appeared to correlate well (considering a lag time dependent on 

the variables mentioned previously) with periods of high tide, and low groundwater levels 

appeared to correlate well with periods of low tide. 
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a The date and time of maximum difference between the high and low tides corresponded 

with the date and time of maximum difference between the high and low groundwater 

levels recorded in GM-73. 

Areal Distribution of Tidal Effects 

Table 6-1 presents the low and high tide groundwater level data for wells associated with 

OU 10. When the difference between the high and low tide groundwater elevations is plotted 

on a site map next to each well, the areal distribution of tidal influence can be seen. 

Figure 6-3 shows the difference between groundwater level measurements collected during high 

and low tide plotted next to each shallow well and Figure 6-4 shows the difference plotted next 

to each intermediate well. A positive number indicates a rise in groundwater level from low tide 

to high tide and a negative number indicates a drop in groundwater levels. 
r" 

In general, both figures indicate water levels in wells on or near the beaches tended to rise from 

low to high tide. Conversely, most shallow and intermediate wells at the interior and southern 

portions of the peninsula [exhibited] a drop in water level during the rise in tide. [These 
responses are of the directions expected; wells closest to the shore would show a change in 

water level first, and the pressure induced on the shallow groundwater would migrate 

inland at a rate equal to the lag time equations presented in Fetter (1988). Additionally, 

as horizontal pressure on the shallow peninsular groundwater is increased by a rise in tide, 

displacement would create a rise on the peninsular perimeter and a consequent drop in the 

interior.] 

Water levels in all of the deep wells rose between 0.09 and 0.27 feet from low tide to high tide. 

These significant increases indicate the deep aquifer is influenced by the tidal fluctuation even 

near the center of the peninsula [and may reflect "loading" effects by the tidal rise and a 

consequent increase in confining pressure on the deeper aquifer.] r- 
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33G12 

33013 

33G 14 

Table 6-1 
Low and Wih Ti& Watu 0.Votion Data 

7.33 7.37 7.05 -0.04 0.28 0.32 

1 1.99 1 1.73 11.56 0.26 0.43 0.17 

10.51 10.05 10.03 0.46 0.48 0.02 

0.23 

33G 16 

33G17 

-0.04 

7.84 6.46 6.54 1.38 1.30 -0.08' 

7.75 6.46 6.47 1.29 1.28 -0.01 

-0.1 

GM-14 

GM-62 

GM-63 

GM-64 

GM-65 

0.03 

4.40 3.52 3.66 0.88 0.74 -0.14 

6.95 5.13 5.22 1.82 1.73 -0.09 

6.90 5.03 4.94 1.87 1.96 0.09 

6.09 4.43 4.36 1.66 1.73 0.07 

6.51 4.48 4.60 1.67 1.91 0.24 

0.04 

0.19 

0.08 

0.08 

0.04 
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Low T i e  High T i  LOW r i  High Tide 
lop of Dapth to Dapth - D w n d w * w  0rWndW.tW - w8tU We* Ekvaakn Elovation 

W d  ttt nul) (foot1 l1..t) fft mdl wt mdl 

GM-66 7.33 6.52 6.57 0.8 1 0.76 
I I 

DlffW.nW 
Between 
High & 

Low 
If.eU 

-0.05 
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6.3.2 Groundwater Flow Direction and Gradient 

Information on groundwater flow direction and gradient was derived from the water level data 
presented in Table 6-1 and the piezometric surface diagrams (Figures 6-5 through [6-131) 

constructed using the groundwater elevation data in the same table. The piezometric surface 

diagrams show high and low tide water level elevations for groundwater at each depth interval. 

Given the [smalI] difference between the low tide shallow and intermediate depth piezometric 

surface maps and the high tide maps [for February 1993,] groundwater flow direction did not 

change at shallow and intermediate depths as a result of tidal fluctuation. [In the deep aquifer, 

the overall flow regime also appears to be unchanged between tidal cycles, with the 

exception of well PCD-1 on the western edge of the former surge pond, which experienced 

a relatively larger drop in water level than the other deep wells. The effect on flow is 

r discussed in this section.] 

Groundwater Flow Direction 

The piezometric surface maps [for February 19931 show groundwater in the shallow and 

intermediate depths tends to flow in essentially the same pattern [under the main operating 

portion of the lWTPl, indicating these two [depths] should be consided [as] part of the same 

general flow system. [This is particularly true given the absence of a significant confining 

unit between the two depths.] Flow direction in this system is characterized by a high located 

at the southwest comer of the IWTP, from which several components of flow radiate. 

[Importantly, these maps were constructed using water levels collected while the recovery 

system was off.] 
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As shown on the maps, constructed within the validity of the collected data, this flow mimics 

the overall topography of the eastern two-thirds of Magazine Point, with flow directed toward 

the northwest, north, northeast, east, and slightly to the southeast. Discharge is to the northeast, 

east, and southeast to Pensacola Bay. Importantly, while isopleths are not shown for the general 

site area west of the north-south access road, it is highly likely the elevation of Bayou Grande 

is similar to Pensacola Bay given the open hydraulic connection. Consequently, flow west of 

the access road is probably to the northwest and west, with discharge occurring to Bayou Grande 

as well as Pensacola Bay. The steepest horizontal hydraulic gradients in this system are toward 

the northeast and east and the shallowest are to the north. Again, however, if the flow is also 

discharging to Bayou Grande, steep gradients would also exist to the northwest and west. 

In general, the [groundwater] flow directions [at] shallow [depths] are consistent with historical 

flow direction determinations. However, the flow directions presented for intermediate 

[groundwater depths] are inconsistent with historical data. [This inconsistency may be due 

to several reasons: 
e 

r 

The intermediate monitoring well array for the present study is larger and coven 

a more extensive area than previous studies. Past interpretations of intermediate 

groundwater flow were biased toward the east because the majority of intermediate 

wells were located on the eastern side of Magazine Point. 

e The cadastral survey completed for the present study produced well bead elevation 

discrepancies with some of the previously reported well elevation data by as much 

as 6 inches. Even minor discrepancies could have altered the interpretation of 
groundwater flow because of the low groundwater gradient at Magazine Point. This 
RI had all wells resurveyed to the same datum. 
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mow in the deep zone during low tide, shows a trend towards the eastern central area of 

the facility northeast from the former surge pond and southeast from the northern end of 

the ISDBs. Flow then is directed to the east towards Pensacola Bay. During high tide, in 

addition to this flow regime, flow components also exist to the northwest from the former 

surge pond and southwest from the northern end of the ISDB. 

Additional water level data were collected on April 22,1993, to investigate the effect of the 

remediation system on the piezometric surface in each depth interval. Figures 6-11 to 6-13 
illustrate the 4/22/93 water level data presented in Table 6-2. 

Figure 6-11 indicates groundwater flow directions in the shallow interval on 4/22/93 were 

generally consistent with flow directions observed in February (Figures 6-5 and 66). 

Groundwater flows radially from a high in the southwest portion of tbe study area and is 
directed to the northeast, east and southeast across the site. Groundwater discharges to 

the northeast, east, and southeast into Pensacola Bay, and likely to the northwest and west 

into Bayou Grande. 

r 

While the largest component of flow in the deep aquifer is directed to the east for both the 

February and April measurement events, the April data illustrate stronger components of 

groundwater flow directed to the east-southeast (Figure 6U) and the February data show 

stronger components of flow directed to the east-northeast (Figure 6-9). 

Because the recovery system was activated during the April measurement event, there are 

significant differences between the piezometric surface maps of the intermediate interval 

in April and February. During pumping (April), a large groundwater depression 

encompasses RW-7 and there is evidence that RW-3 may have a similar anomaly 
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surrounding it (Figure 6-12). These features are not present in Figures 6-7 and 6-8, which 

show the piezometric surfaces under non-pump* conditions in February. According to 

the April 1993 Monthly Operation and Maintenance Report (E&E 19931, all of the recovery 

wells were functioning properly during the month of April. 

Flow in the southern portion of the site is generally directed toward RW-7 with a minor 

component to the northeast from the southeastern corner of the site, flow in the central 

portion of the site is directed to the east (toward Pensacola Bay), and flow in the northern 

portion of the site is directed toward RW-3. The pronoun& effect on flow in the 

intermediate depth is likely attributable to two factors: 1) the recovery wells are screened 

at the intermediate depth, and the wells receive most of their water from that depth, and 2) 

given the same discharge rates, lower K aquifers exhibit more extensive radii of influence 

than higher K aquifers; the lower Ks in the intermediate depth would tend to emphasize 

drawdown effects when compared to higher permeability surficial depth.] 
r 

VerticaI Groundwater Gmdients 

Table 6-3 presents the [calculated] vertical hydraulic gradients between each of the 

shallow/intermediate, intennediate/deep, and [shaUow/deep] well pairs. m e  vertical gradients 

were calculated by dividing the differences between shallow, intermediate, and deep water 
level elevations by the differences in the completion depths of the wells.] Positive gradients 

indicate a downward [potential for] vertical flow and negative gradients indicate potential for 

upward flow. 

Most of the shallow/intermediate pairs have a downward hydraulic gradient indicating the 

potential for groundwater to flow from shallow to intermediate depths. T h i s  downward gradient 

in an unconfimed aquifer [is indicative ofJ a recharge area. 
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33G 1 5 5.81 5.39 -0.42 

33G16 6.75 7.84 1.09 

33G17 6.76 7.75 0.99 

33G18 10.82 12.05 1.23 

GM-8 4.94 5.94 1 .o 
GM-9 4.52 5.47 0.95 

GM-10 4.59 5.67 1.08 

GM-11 4.4 5.75 1.35 

GM-12IR1 7.64 9.66 2.02 

GM-13 5.88 7.27 , 1.39 

c GM-62 5.52 6.95 1.43 

GM-14 3.69 4.4 0.71 

Table 6-2 

Depth to Water 

/- 
I 

33613 11.75 1 11.99 I 0.24 
I I II 33G 14 I 10.08 I 10.51 I 0.43 
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Depth to Water 
Well (fset) (feet msl) 

GM-63 5.45 6.8 

GM-64 6.64 6.09 

GM-65 5.09 6.51 

GM-66 6.99 7.33 

GM-67 5.26 6.23 

l o p  of casmg 

I 

Ground wster 
Elevation 
(feet msl) 

1.35 

-0.55 

1.42 

0.34 

0.97 

I 5.32 I 6.83 I 1.51 GM-68 
I I 

GM-71 

II GM-69 I 6.84 I 7.7 I 0.86 

6.05 6.6 0.55 

~~ 

GM-73 

GM-76 
f- 

II GM-72 I 6.86 I 7.25 I 0.39 
~~ 

11.78 12.23 0.45 

6.51 7.72 1.21 

I' 
I 

- -- 

GM-77 3.48 4.55 1.07 

GM-78 5.85 6.86 1.01 

GM-79 3.78 4.6 0.82 

GM-80 3.86 4.56 0.7 

GM-81 3.48 4.21 0.73 

GM-82 3.56 3.59 0.03 

GM-83 4.46 4.74 0.28 

GM-84R 12.02 12.26 0.24 

MW-4 5.2 6.71 1.51 

PCD-1 9.38 10.83 1.45 

PCI-1 9.77 11.08 1.31 

DG-3 3.73 4.92 1.19 

PCS-1 9.83 11.22 1.39 

UG- 1 7.48 8.2 0.72 
s 
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The gradients between the deep and intermediate wells and the deep and shallow wells are all 

negative, indicating a potential for upward vertical flow between the [deep level and] the 

unconfined aquifer. These negative gradients reflect that the deep aquifer is confined and under 

greater hydrostatic pressure than the groundwater above the clay layer, which is unconfined. 

V e ~ * c a l  Permeability in the Clay Confining Unit 
During drilling of [33618], two soil samples collected from the clay layer were submitted for 

permeability analyses. The 46-[foot] to 48-foot sample had a permeability of r2.39 X 
feet per second (feet/sec)] and the sample from the 48-[foot] to 50-foot interval had a 

permeability of C2.04 X 10% feet/sec]. The laboratory results are presented in Appendix F. 
According to Fetter (1988), sediments with permeabilities of [lo4 feet/sec] or less can be 

considered confining units. The low permeabilities found in the clay layer indicate [an 

extremely low] potential for groundwater movement through the clay. f F- 

Horizontal Groundwater Gmdients 

Table 6-4 presents horizontal hydraulic gradients for selected well pairs associated with OU 10. 

Generally, the well pairs were selected to show the maximum and minimum horizontal gradients 

and present the horizontal gradient along the predominant flow directions [as measured 

perpendicular to the water level contours]. 

Based on the data in Table 6-4, gradients in shallow and intermediate depth groundwater appear 

to be very similar, again indicating the groundwater [in the two zones are] above the clay layer 

is part of the Same flow system. Table 6-4 also indicates gradients in deep groundwater are 
several times lower than gradients in the shallow and intermediate groundwater. 
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Diffumnco &twoon Watw S M O W l  

W d  Dopthr 

s h d l o w f i ~ i m  tftl LowTid. HWhMe 

h l t u m d i i  hvda Ihl 

Wdl Par 

I" 

Vertical Hydradie Gradient. 
I*) 

Lowlid. HighTie 

GM-64lGM-63 40165 -.21 -.23 -0.0084 -0.0092 

PCI- 1 IPCD-1 45ffO - . lo -.27 -0.0040 -0.0108 

I3301313361 81 39/77 -1.35 -1.45 -0.03 5 5 -0.0382 

-0.0460 GM-66lGM-65 40165 -.86 -1.15 -0.0344 

3M-69lGM-68 40165 -.49 -.89 -0.0196 -0.0356 

-0.23 -0.0010 -0.0046 

20ffo -0.04 -0.26 -0.0008 -0.0052 

15/77 -1.21 -1.44 -0.0 195 -0.0232 

15/65 -0.49 -0.78 -0.0098 -0.0156 

SM-62/GM-63 15/65 -0.05 

'CS-1 IPCD-1 

:33604/3361 SI 

S M-67 IG M-65 

12/65 -0.51 -0.79 -0.0096 -0.01 49 SM-91GM-68 

Notec: 
(-1 upward potential 

F 
I 
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Level 

Table 6 4  
Horizontal Hydraulic Gradient 

I I 

Wdl Pair Low Tide High Tide 
I 1 I 

Horizontal Gradients 

East-Northeast 0.0019 0.001 8 

Shallow [East-Northeast I 0.0024 I 0.0021 

1 North I 0.00071 1 0.00085 

Intermediate 

I North I 0.00075 I 0.00075 
_ _ ~  

I 1 I 1 NAI I o.ooo44 
Deep I Northeast 

6.3.3 Aquifer Parameter Estimation 

Specific capacity tests or slug tests were conducted on all of the newly installed [E/A&HJ wells 

to characterize aquifers at these new locations and depths. The specific capacity tests were 

completed while purging or developing during the fmt round of sampling. Slug tests were later 

performed on any [E/A&HJ wells not specific-capacity tested. In addition to the specific 
capacity and slug tests, short-term aquifer pumping tests were conducted on several previously 

installed wells and [3361q to investigate the influence pumping would have on these and 

adjacent observation wells and to estimate aquifer parameters. 

r 

Specific Capacity Tests and Slug Tests 
The specific capacity test results are presented in Table 6-5. [This procedure used the 

stabilized water level, following stabilization parameters and effective completion of well 

development.] Two tests were performed on [l3GO7 and 336151 to determine if testing 

[immediately following] development produced significantly different [results] than testing 

under purging conditions [(post development)]. The first test was conducted [immediately 

following] well development and the second test was performed during purging. The data show 
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33G15 0.62 (0.52) 

33618 1.58 

Note: 
Except where noted, test data were from development. Data in parentheses were [collected immediately 
following1 tests conducted during purging. 

r 

327 (270) 8 (6.7) 

8.066 26.91 

The transmissivities and hydraulic conductivities calculated from the rising and falling head slug 

tests are presented in Table 6-6. The slug test &ta indicate withdrawal results generally 

agree[ingl with injection results. Injecting the slug produces falling head data and rising heads 

result from withdrawal of the slug. For some wells, only one test is reported because [both the 

injection and withdrawal tests produced essentially the same results.] 

~ ~- - 

Table 6-6 
Slug Test Rosultr 

Transmissivity Hydraulic Conductivitv 

[33G01 

33G02 

33G05 

13G06 

I I 
I I !I Well (ft'lday) (ftlday) II 

432 (1708) 10.8 (42.7) 

800 (14921 20 (37.3) 

11996) (49.9) 

(2992) (74.8) - 
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Tabk 6-6 
Slug Test Results 

TransmiarMty Hydraulic Conductivity 
Wall (f t ‘ldayt Iftlday) 

33608 329 (347) 8.22 (8.68) 

33609 159 (1 55) 3.98 (3.88) 

33610 180 (1 74) 4.50 (4.35) 

33611 51.6 (50.8) 1.29 (1.27) 

3361 2 38.4 (39.21 0.96 (0.98) 

3361 3 62.4 (64.8) 1.56 (1.62) 

33614 64 (70) 1.60 (1.75) 

3361 6 22.4 (12.8) 0.56 (0.32) 

3361 7 10 0.25 

13619 (1 152) 428.811 
f- 

Note: 
Injection and withdrawal data are shown on the same line for comparison, with slug withdrawal results 
shown-in parentheses. 

[Transmissivity calculations assume an aquifer thickness of 40 ft.] 

Using data from Table 6-5 and 6-6, the average transmissivity and hydmulic conductivity were 

calculated for the shallow and intermediate portions of the surficial aquifer. The [geometric 

means] are as follows: 
Transmissivity Hydraulic Conductivity 

(ft2lday) W h y )  

Shallow Interval [1768] r44.01 

Intexmediate Interval r80.41 r2.01 

These averages indicate the intermediate portion of the [surficial zone] has a considerably lower 

transmissivity and hydraulic conductivity than the shallow portion. 
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f- 

[As there was generally good agreement between Ks calculated using specific capacity test 

results and slug test results,] the hydraulic conductivities from Tables 6-5 and 6-6 were plotted 
next to their respective wells to produce Figures [6-141 and [&HI. The figures [illustrate] the 

areal distribution of hydraulic conductivities across the site at shallow and intermediate depths. 

For wells with falling and rising head test results, the [arithmetic] average of the two 

conductivity values was calculated and used on the map. 

Overall, specific capacity and slug test results indicate that: 

Hydraulic conductivities in the unconfined aquifer are generally higher near the perimeter 

of the site than in the center. The lower permeabilities may be attributed to the presence of 

higher levels of contamination in the groundwater at the center of t h i s  site, or they may be 

a naturally occurring condition. The heavy odor of H2S in wells from this ami @articularly 

[from] intermediate [groundwater]) [indicates] reducing conditions, and the recovery wells 
in this area for which continuous operational data are available have historically had 

problems remaining efficient (see Site [Description and] History, Section [2]). High 

concentrations of h n  in the groundwater, along with a naturally high sulfate budget coupled 

with a reducing environment, may pmvid[e] ideal conditions for the growth of sulfate- 

reducing and iron bacteria in the formation, and particularly in well bore vicinities. [In 

addition, the naturally high sulfate budget was potentially supplemented by the sulfuric 

acid spill in the area.] 

Additionally, the lime used to abate the acid spill may have re-precipitated in the aquifer 

matrix as it migrated downward to horizons with higher pH values (RW-5 has historically 

experienced problems with clogging from a white "[limy] substance" - [(E&E 1992d)I 
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Both of these possibilities could contribute to, if not wholly cause, the observed lower 

permeabilities in this area of the site, and in the intermediate [depth]. 
Hydraulic conductivities from the intermediate wells are higher on the western edge of the 

site than in the central or eastern areas, whereas conductivities in the shallow [web] are 

higher on the eastern and northern portions of the site (to the extent that the data can be 

validly extrapolated). 

AU the tests on intermediate wells produced lower hydraulic conductivities than shallow 

wells. 

Aquifer Pumping/Recovery Tests 
Wells for the pumping/recovery tests were selected based on location and well diameter. The 

wells selected are located in the center of the site to obtain a more reliable estimate of aquifer 

panmeters in that area for remedial design purposes. Wvious data showed that the highest 

contamination levels were located in the center of the site. Four-inch diameter wells were 

selected for remedial design purposes and to make pump and transducer installation easier. 

Tests were conducted until drawdown effects stabilized in the pumping well and when an effect 

was measured in the observation well(s). Data were collected during both the pumping and 

recovery periods for each well, but data from some of the tests were emnmus or unusable. 

Erroneous data were generated when a pump malfunction occurmi before the end of a pumping 

period or when discharge water backflushed through the pump during a recovery period. Data 

were considered unusable if the plotted curves varied considerably from the type curves 

generated by AQTESOLV. A poor fit between the shape of the plotted data and the type curve 

results in considerable error for the estimated transmissivity and hydraulic conductivity values. 

Test results from data that were considered reliable and usable are presented in Tables 

r 

6-7 and 6-8. 

r 
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Because pumping wells experience well loss [(turbulence in the well fdter pack and well 

screen that results in exaggerated drawdown levels and aquifer loss in the vicinity of the 

well)], observation well measurements produce more accurate transmissivity and hydraulic 

conductivity estimates than pumping well measurements. [This was especially true at this site, 

where specific capacities of pumping wells were characteristically very low.] Therefore, 

drawdown data from observation wells were used to calculate aquifer parameters from the 

pumpinglrecovery test data whenever possible. If the observation wells did not respond to 

pumping, or if the effects were negligible, then data from the pumping well were used. 

[In general, transmissivities and conductivities calculated using pumping test results were 

higher than those using specifc capacity and slug test results. They do, however, illustrate 

similar trend of lower Ts and Ks in the center of the site (GM-6 and 33Gla.l 

[pumping test results were generally higher than slug and specific capacity test results. 
Aquifer parameters derived from pumping test data are generally deemed more accurate 

than either slug or specific capacity test data because (1) the aquifer was stressed for a 
longer time period at a higher flow rate, and (2) observation wells were used to estimate 

aquifer, minimizing impacts of well loss/aquifer loss on the data.] 

r 

Groundwater Velocity Estimates 
using the [lowest] and [highest] horizontal gradients fmq Table 6-4 [and the average 

hydraulic conductivities presented earlier in this section from specific capacity and slug test 

results], groundwater velocities were calculated [for each interval] with the formula [previously 

listed in Section 5,  Field Investigation and Methodology]. The points at which the gradients 

for groundwater velocity were measured (from Table 6-4) are listed below and the groundwater 

velocities are presented in Table 6-8. 
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Pumping 

Pumping 

Pumping 

Pumping Observation 
Well ID Well 

[(depth in [(depth in 
, feetll feet)] 

PCI-1 PCS-1 
If4511 1120)l 

5.49 0.04 19,340 19,350 484 484 

136 12.72 0.06 5,458 5,440 136 

19.26 0.08 25 40 1,002 1,601 RW-5 
1(39)1 

RW-4 
u39 11 

RW-5 

PumpinglRecovery Tes I 

GM-8 
[(12)1 

I33601 
(1 511 

GM-8 

Distance 
Pumping 

Recovery 

201 I 7.5 

19.26 0.08 3,430 3,584 86 901 

140 I 6.67 

5 8 1  
6.67 

36 I 
5 8 1  

Table 6-7 
lesult$ Using the Theit and C 

Maximum 
Drawdown 
in Pumping 

Pumping 5.49 

Hydraulic 
Transmissivity Conductivity 

(ft2/dsyl (f tlday) 

Drawdown in 
Observation Cooper Cooper 

Theis Jacob Thds Jacob Wdl (ft) 

0.07 9,393 9,950 [235 249 

Recovery I 12.72 I . 0.15 I 4,414 I 4,415 I 110 I 110 

Note: 
[Theis and CooperJacob solutions were applied to pumping test data after correction using the Kruseman and DeRiddle method for dewatering in 
an unconfined aquifer.] 
Transmissivity and hydraulic conductivity values were generated using the Theis and CooperlJacob methods to  
check consistency. Results from each method usually varied less than 25 [percent]. However, most of the results from the Cooper/Jacob method 
were higher than those of the Theis method. 
[Hydraulic conductivities were calculated using an aquifer thickness of 40 feet.] 
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Shallow 

Intermediate 

Deep 

0.42 153.3 0.12 43.8 

0.01 5 5.47 0.006 2.19 

0.047 17.2 NA 

6.3.4 Conclusions 

1. Boring logs indicate the clay layer sepamting the deep[-monitored level] and 

shallow/intermediate[-monitored levels] is laterally persistent across the site, but the 

depth of occurrence increases to the west and south. 
r 

2. The southern drainage ditch receives runoff from northern Chevalier Field and the 

southern part of the m. During storm periods, its outlet may direct[ly] contact 

[Pensamla] Bay waters; however, the natural state of the outlet is that it is closed by 

longshore accumulation of sand, which precludes long-term direct [surface water] 

contact with the I]?ensacola] Bay. 

3, All monitored [groundwater depths] are affected by tidal fluctuations. Groundwater 

levels closest to Bayou Grande and Pensacola Bay (i.e., eastern and western site 

perimeters) experience the greatest changes in phase with the tidal period (rising or 

falling periods). Tidal fluctuations in the southern drainage ditch are consistent with 

those observed in site groundwater. 
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4. [Static] groundwater flow directions [&e., no recovery wells operathg)] in the shallow 

and intemediate-monitod [depths] are essentially the same. [This coupled with the 

lack of a confining unit separating the two indicates that] groundwater [at] these two 
[depths] should be considered part of the same flow system. Additionally, flow 

[directions at] these [depths] does not appear to be significantly impacted by tidal 

fluctuations. 

5 .  Groundwater flow in the surficial mne (shallow- and intemediate-monhoxd [depths]) 

is [influenced by a groundwater high] located in the southwestern corner of the site. 

Flow components off this high mimic Magazine Point peninsular topography, with flow 
to the northwest, north, northeast, east, and southeast and discharge to Pensacola Bay. 
It is likely that Bayou Grande and Pensacola Bay are of equivalent elevations (due to an 
open hydraulic connection); consequently flow would also likely discharge to the 

northwest and west [from the groundwater high] to Bayou Grande. 

6.  A strong positive vertical gradient exists from the shallow to intermediate monitoned 

[depths], but a consistent negative vertical gradient exists from the deep to the shallow- 

and intermediate-monitored [depths]. This negative gradient, coupled with the low 

permeabilities of the clay layer separating the deep [groundwater] from the suficial 

[groundwater] [(lo4 to lo-'' feet/sec)], minimizes the potential for downward migration 

of contamination from the surficial [level] to the deep [level]. 

7. The steepest measured horizonal hydraulic gradients in the surficial [zone] (shallow and 

intermediate [depths]) are to the northeast and east, and the shallowest are to the north 

and northwest. Values were consistent for both of these [depths], and ranged from 

[0.00071] to 0.0025. If flow from the high is also to the west from the site (toward 

Bayou Grande), steeper gradients would exist for that flow direction as well. The 
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horizontal hydraulic gradient in the deep [level was lower than those for the 

shallow/intermediate depths, at 0.00044]. 

Hydraulic conductivities (K) derived from slug and specific capacity tests [agree well]. 

The average K for the shallow [depths] of the surfcial aquifer was [44.0] ft/day, 

indicating fairly high pemeabilities. Average K in the intermediate [depths] was 

[2.0] Wday, indicating fairly low permeabilities. K for the deep [level] was 26.9 ft/day, 

again indicating fairly high permeabilities. 

8. 

9. Ks derived using slug and specific capacity data for the [shallow and intermediate 

depths show lower permeabilities] in the central site area. The reason(s) for this spatial 

distribution of Ks may be related to patterns of contaminant distribution, or it may be the 

result of natural aquifer conditions, or a combination of the two. 

f -  10. [Aquifer parameters derived from pumping tests were typically higher than those 

generated using slug or specific capacity test data.] ICs derived from short-duration 

pumping tests are considered more reliable than those derived from slug and specific 

capacity tests because pumping?ests stress [a larger portion ofJ the aquifer [in the 

vicinity of the well]. However, the inability of some of the tested wells to produce 

significant withdrawal volumes for an extended testing period [(Le., very low specific 

capacities)] lessens the usefulness of their data for remedial system design. 

11. Using the [average hydraulic conductivities from] specific capacity and slug tests and 
the steepest gradient, average groundwater flow velocities calculated for the shallow 

monitored [level] and the deep [level] indicate fairly high velocity regimes of 

[0.42] Wday (r153.31 ft/yr) and [O.O47J Wday ([17.2] ft/yr), respectively. The average 

estimated groundwater flow velocity for the intermediate monitored [level] is much lower 

at [0.015] ft/day (r5.473 ft/yr). 3 
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7.0 

This section has been extensively revised. For readability this section has not been bolded, 

bracketed, or italicized. 

In addition to presenting actual concentrations of analyzed samples, this section uses qualitative 

terms such as "high" and "low" to discuss relative concentrations of samples. These terms are 

used relative to the range of concentrations from all samples analyzed at OU 10 and Site 13. 

NATURE AND EXTENT OF CONTAMINATION 

Reference Concent rat ions 

All of the inorganic parameters detected at the site have been compared to reference samples for 

NAS Pensacola to determine if measured concentrations are representative of ambient conditions. 

Soil reference data consists of 18 samples collected from two borings, 01S67 and 01S69 

(designated in Figure 2- 1 as background monitoring wells GS-67 and GS-69). Groundwater 

reference data consists of samples collected from intermediate depth monitoring wells 01GI70 

and 01GI68 and shallow depth monitoring wells 01GS67 and 01GS69. Deep groundwater 

reference data consists of samples collected from the two deep supply wells. Appendix Q 

contains Reference Concentration Data. To gauge whether contamination is present at the site, 

the detected inorganic parameters have been compared to the reference concentration which is 

twice the average background concentration for those parameters. Tables accompanying the 

discussion of inorganic parameters present the detected concentrations of contaminants and the 

applicable reference concentration. 

I" 

Phase I Sampling 

The Phase I activities, completed from December 1992 to February 1993, accomplished most 

of the field investigation, including most of monitoring well installation, soil and groundwater 

sampling, hydrologic investigation, and all of the sediment and surface water sampling. During 

Phase I, 33 soil borings at OU 10 and 16 soil borings at Site 13 were completed to assess the 

distribution of soil contamination above the water table. Soil sampling locations and associated 

boring identifications were shown in Table 5-2. Four sediment samples were collected from the 

OU 10 drainage ditch and seven sediment samples were collected from the Site 13 depressions. r. 
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Sixteen monitoring wells were completed at OU 10 to expand the existing well network to better 
delineate the nature and extent of any known undocumented groundwater contamination at the 
site. Four monitoring wells were completed at Site 13 in an effort to characterize groundwater 
conditions beneath it. 

Phase II Sampling 
The Phase II activities were conducted in April 1993 to address a number of data gaps identified 

from the results of the Phase I activities, and from review of new information provided to 

E/A&H after the Phase I effort. During the Phase 11 investigation, 13 additional soil borings 

were completed between April 19 and 21, 1993, to assess contamination. Soil sampling 

locations and associated boring identifications are shown in Table 5-2. One monitoring well was 
installed during the Phase 11 investigation north of the northeastern end of the IWTP to monitor 

for any extension of a contaminate plume in that direction. r" 

Phase 111 Sampling 

Between March 7 and 11, 1994, the USEPA collected 15 surface soil samples (0 to 1' bgs) and 

five groundwater samples at OU 10 and Site 13. The objective of the soil sampling was to 

collect surface samples from the 0 to 1 foot interval for risk assessment purposes. The objective 

of the groundwater sampling was to evaluate if turbidity could be reduced with a low-flow 

sampling techniques. Soil and groundwater sampling locations are presented in Figure 7-la. 
The analytical results are presented in the discussion below and in Appendix R. 

7.1 Soil Contamination 

The discussion of nature and extent of soil contamination is presented by site. To some extent, 

the sites are characterized by differing contaminant patterns and sources, and can be separated 
on this basis. Potential sources of contamination are presented in Figure 7-lb. 
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' 7.1.1 Site 32 
Site 32 consists of the ISDBs and immediate surroundings. Due to the similar sludge drying 

functions of the former domestic sludge drying beds and the drying beds of the abandoned 
wastewater treatment plant, these areas are also included in the discussion of Site 32. Soil 
borings advanced to investigate Site 32 and above-mentioned areas as shown in Figure 5-1 

include the following: 

33S01 through 33306 

33308 

33S19 through 33S22 

33324 and 33825 

33S32 through 33S39 

e 33S50 through 33357 
r" 

Soil contamination was associated with the ISDBs, the swaldfill area east of the ISDBs, the 

former domestic sludge drying beds, and the abandoned wastewater treatment plant drying beds. 

Material from the abandoned treatment plant was removed during an interim removal action and 

the beds demolished. The water table ranged from 2 to 4 feet across the site; hence, one to two 
soil samples- representing 2-foot intervals were collected from each boring. Field sampling 

yielded a black, stained soil horizon with a high OVA response from an approximately l-foot 

interval immediately above the water table in boring 33324, next to the southern portion of the 

ISDBs. This horizon was not encountered in three other borings completed adjacent to the 

ISDBs. 

Field sampling in the swale area yielded heterogeneous conditions down to the water table 

consisting of silt and sand fill, construction material, shreds of plastic and patches of black 

sludge-like material with a heavy diesel-like odor. OVA responses were high and are shown in 

Appendix D. Borings in the former domestic sludge drying beds encountered up to 1 foot of 

sandy organic-rich soil above a 1.5-foot thick drainage bed of porous gravel and cobbles. 
? 
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Similar conditions were encountered at the abandoned WWTP sludge drying beds. Logs for the 
Site 32 borings can be found in Appendix D. 

Analytical Results 
Laboratory analytical results indicate the presence of several contaminant groups, including 
volatiles, semivolatiles, pesticides, PCBs, metals, and cyanide. Detected compounds and 

concentrations for all soil samples collected are summarized in Appendix L. Results are 

discussed by parameter group below. Tables accompanying the discussion present detected 

concentrations of contaminants arranged'by boring and depth of each sampled 2-foot interval. 
Accompanying maps present a two-dimensional, areal concentration distribution using the highest 
concentrations recorded for each boring. 

r" Volatile Organic Compounds 
Chlorobenzene was detected at Site 32 in four of 26 borings. Figure 7-lc and Table 7-1 show 

the distribution of chlorobenzene concentrations. Of the four detections, three are within the 

swale area, and one is at the black stained soil horizon at the water table in boring 33S24, 

adjacent to the southeast portion of the former ISDBs. The highest concentration, 2,900 ppb, 

was detected at boring 33S38 in the swale area. The three other detected concentrations ranged 

from 6 ppb to 110 ppb. 

Nonchlorinated volatiles were detected in samples from three borings in the swale area. 
Toluene, a common laboratory contaminant, was detected at 2.0 ppb or less in 33S32 and 

33334; xylenes were detected at 290 ppb in 33S38 and at 460 ppb in 33350. Acetone, a 
common laboratory artifact, was detected in boring 33S02 at 2,000 ppb, boring 33S35 at 430 

ppb, and boring 33S36 at 23,000 ppb. 
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33353 2' ND ND ND ND 907 48 14.3 310.0 
ND ND ND ND ND ND 1.8 50.0 

33354 2' ND ND ND ND ND ND 1.9 34.0 
ND ND ND ND ND ND 2.2 62.0 

33s55 2' ND ND ND ND 
ND ND ND ND 

ND ND ND ND 

33s57  1' ND ND ND ND 
338578 2' ND ND ND ND 

ND ND ND ND 
r" 

ND ND 2.9 100.0 
ND ND 1.5 65.0 

89 ND 21.2 ND 

2,510 ND 1,185.5 ND 
ND ND 110.1 1 ND 
ND 110 14.1 ND 

.5 Micrograms per kilogram or parts per billion (ppb) 
Total CI-Arom = Total Chlorinated Aromatic Compounds is the sum of the chlorobenzene, 1.2- 

dichlorobenzene. l13-dichlorobenzene, 1 ,4-dichlorobenzene, 1,2,4trichlorobenzene, and 
hexachlorobenrene. 

CI-Bnz - - Chlorobenzene 
1.2-DCbnz a= 1.2-Dichlorobenzene 
1 +DCbnz - - 1.4-Dichlorobenzene 

Not detected ND - 
NA - - Not analyzed 

Concentration is an estimated value J - 
- 
- 

Dichloroethene, which was detected during the soil-gas survey around the perimeter of the 

ISDBs, was not detected in any laboratory-analyzed samples. Chloroform was detected at 2 ppb 

in 33S24, and at 1 ppb in 33S51, 33S52, and 33S57B. 

Semivolatile Compounds 

Several semivolatile compounds were detected at Site 32 including chlorobenzenes, PAHs, 

phenols, and pentachlorophenol. Contaminant distribution appears to correlate with visual and 
/A 

I 
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OVA-detected contamination observed in the field. Generally the highest concentrations of 

compound groups were found in the swale area. In general, lower contaminant concentrations 

slightly above nondetect were in soil borings around the ISDBs, most consistently from 

boring 33S24 on the southeast side of ISDBs, where a black stained soil horizon was discovered 

at the water table. 

Limited semivolatile contamination was also detected in the former domestic sludge drying beds, 

Table 7-1 summarizes the concentration distribution of PAHs, phenols, pesticides, and PCBs, 

in addition to chlorobenzene. Chlorobenzenes were detected in four of 26 borings, and were 

limited to the former ISDBs and swale area. Isomers detected include chlorobenzene, 

1,2 dichlorobenzene, 1,3 dichlorobenzene, 1,4 dichlorobenzene and trichlorobenzene. Figure 

7-lc (shown earlier) presents the areal distribution of the chlorinated aromatic compounds. Total 

chlorobenzenes ranged from nondetect at most borings to 32,400 ppb at 33338 in the swale area. 

Boring 33824, southeast of the ISDBs, yielded 288 ppb of total chlorinated aromatics in soil 

collected from immediately above the water table, while other borings immediately adjacent to 
the former ISDBs did not yield detectable results. 

(" 

PAHs were detected in 13 of 26 borings. Table 7-2 presents individual PAHs and phenol 

concentrations in Site 32 soil. Figure 7-2 presents the areal concentration distribution of total 

PAHs. Most detected concentrations O C C U K ~ ~  in soil from the swale area, with isolated 

occurrences west of the northwest end of the former ISDBs (33S20), the domestic sludge drying 

beds (33S53), and the wooded area to the east (33356). Except for boring 33S20, the highest 

total PAH concentrations appear in the swale area with values ranging from nondetect to as high 

as 99,800 ppb at 33S01. Detected concentrations for individual compounds ranged from 39 ppb 

fluoranthene to 36,000 ppb 2-methylnaphthalene. PAH concentrations around the perimeter of 

the ISDBs are generally nondetect to 10' ppb magnitude. Boring 33S20, west of the former 

ISDBs (60,158 ppb total PAHs), is not consistent with this pattern. 
r" 
I 

7-10 



Corrected Final Remedial Investigation Report 
NAS Pensacola Operable Unit 10 and Site 13 

Sehion 7 - Nature and Exrent of Contamination 
September 1995 

7-1 1 



Corrected Final Remedial Investigation Report 
NAS Penracola Operable Unit 10 and Site 13 

Se&ion 7 - Nature and Extent of Contamination 
September 1995 

33s37 2' 
4' 

33S38 2' 
4' 

33s39 2' 

33s53 2' 
4' 

33s54 2' 
4' 

33855 2' 
4' 

33856 2' 

33557 1' 
335578 2' 
335578 4' 

ND 50.0 J 130.0 J 94.0 J 230.0 J ND 
ND ND ND ND ND ND 

ND NO ND ND 81.0 J ND 
ND ND ND ND ND ND 

ND ND ND ND ND ND 

ND ND 63.0 J 120.0 J 170.0 J 71.0 J 
ND ND ND ND ND ND 

ND ND ND ND ND NO 
ND ND ND NO ND ND 

ND ND ND ND ND ND 
ND ND ND ND ND ND 

ND ND ND ND ND ND 

45.0 J 49.0 J 220.0 J 200.0 J 480.0 J 530.0 
ND ND ND ND ND ND 
ND ND ND ND ND ND 
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4' 

33806 2' 

33508 2' 
4' 

33819 2' 

33820 2' 

33821 2' 

33822 2' 
4' 

33624 2' 
4' 
5' 

33825 2' 
4' 

ND ND ND ND ND ND 

ND NO ND ND ND ND 

ND ND ND ND ND ND 
ND NO ND ND ND ND 

ND ND ND ND ND ND 

59.00 J 5600.00 J 1400.00 4800.00 J 70.00 J 4800.00 J 

ND ND ND ND ND ND 

ND ND ND ND ND ND 
ND ND ND ND ND ND 

ND ND ND ND ND ND 
ND ND ND ND ND ND 
ND ND ND ND ND ND 

ND ND ND ND ND ND 
ND ND ND ND ND ND 
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33835 2' 

Soil 
BoringlDepth 

~ 

ND 260.0 J 45.0 J 1Ooo.o 750.0 92.0 J 

ND ND ND ND ND ND 

ND ND ND ND ND ND 
ND ND ND ND ND ND 

ND I I ND I ND I ND I ND 
ND ND ND 33532 2' 11 ND 

3' ND 

33836 2' 
3' 

33837 2' 
4' 

33838 2' 
4' 

33s39 2' 

33553 2' 
4' 

33s54 2' 
4' 

~ 

ND 50.0 J ND ND ND 120.0 J 
ND 66.0 J ND 200.0 J ND ND 

ND 99.0 J ND 210.0 J ND ND 
ND ND ND ND ND ND 

NO ND NO 58.0 J ND ND 
ND ND . ND ND ND ND 

ND ND ND 48.0 J ND ND 

ND 170.0 J 47.0 J 52.0 J ND 130.0 J 
ND ND ND ND ND ND 

ND I ND I ND I ND 
ND ND ND I ND I ND I ND 

ND ND 

33855 2' I- 33556 2' 

ND ND ND ND ND ND 
ND ND ND ND ND ND 

ND ND ND 44.0 J ND ND 
~~ 

33557 1' ND 
3355702' 11 ND 
33S570 4' ND 

120.0 J I I 87.0 J 
ND 
ND 

200.0 J 
ND 
ND 

ND 
ND 
ND 

390.0 J 
ND 
ND 
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Soil 

33533 2' 
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Note$: 
rekg = Micrograms per kilogram or parts per billion (ppbl 
NA = Not analyzed 
ND = Not detected 
J - - Concentration is an estimated value above the instrument detection limit. 
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Phenols were detected at eight of 26 borings at Site 32. Most detections occurred in the swale 

area. Figure 7-2 presents the areal concentration distribution of total' phenols. Individual 

compounds detected include phenol, 2,4 dimethylphenol, pentachlorophenol, and 4-nitrophenol. 

Detected concentrations range from 48 ppb to 340 ppb total phenol, with the highest responses 

for 2,4 dimethylphenol, pentachlorophenol, and 4-nitrophenol at 64 ppb, 110 ppb, and 48 ppb 

respectively. 

Pesticides 
Pesticides were detected in almost all borings. Detected compounds included DDE, DDD, 

DDT, aldrin, dieldrins, chlordanes, BHCs, endrins, endosulfans, and methoxychlors. Figure 7-3 

presents the areal distribution of pesticide concentrations. Concentrations of total pesticides 

listed in Table 7-1 range from 0.09 ppb at 33332 to 1,185.5 ppb at 33357 in the sludge drying 

beds at the abandoned wastewater treatment plant (which have been removed). Apart from the 

latter concentration, pesticides in the swale area generally were higher than other areas. 
Detected concentrations of individual compounds range from parts per trillion for several 

compounds to 520 ppb DDT. 

r 

PCBs 
Arochlor-1260 was detected in 16 of 26 borings. It was frequently detected in the swale area 

and domestic sludge drying beds, and encountered in five other spatially-separated borings 

completed outside the area. Figure 7-3 presents the areal distribution of PCB concentrations 

listed in Table 7-1. Detected concentrations range from 4.1 ppb at 33S22, northeast of the swale 

area, to 350 ppb at 33S36 located in the swale area. Most borings immediately adjacent to the 

former ISDBs yielded nondetect results. 

7-2 1 



m 
Y 

FORMER INDUSTRIAL 
SLUDGE DRYING BEDS 

I * I 1  

8 . .  

FORMER 
DOMESTIC SLUDGE 

Pm loo DRYING BEDS 

--=- 

\ 

I 1 
TOTAL PESTICIDES AND PCBS 70 I U  

IWP DISCHARGE PIPE CONCENTRATION DISTRIBUTION IN SO 

DWG MlE09/07/95 lWvG N4ME048NEW3 ) SCALE F E n  

I 7-22 



Corrected Final Remedial Inmtigation Report 
NAS Penramla Operabk Unit 10 and Site 13 

Section 7 - Nature and Extent of Contaminarion 
September 199s 

Metah 
The concentrations of three detected heavy metals - cadmium, chromium and lead - are 

presented in Table 7-3. Figure 7-4 presents their areal concentration distributions. Chromium 

was detected at the swale area, with concenmtions up to 6,180 ppm at 33303, and at the former 
ISDBs, with concentrations from nondetect up to 70.7 ppm at 33S24. Except for soil samples 

collected from borings 32S06 (west of southern end of ISDBs), 33322 (north of domestic beds), 
and 33S25 (between swale area and ISDBs) all of the soil borings had at least one reference 

concentration exceedance for chromium. 

Cadmium concentrations vary from nondetect at most borings adjacent to the former ISDBs, 

except for 5.9 ppm at 33324 to 93.4 ppm at 33803 in the swale area. All of the 18 detected 

concentrations of cadmium exceeded the reference concentration of 1 ppm. 
r" 

Lead concentrations are generally highest in the swale area (up to 461.0 ppm at 33S03) and at 

boring 33S24 at 183.0 ppm. Except for soil borings 33321, 33325, 33354, and 33S55, all of 

the borings had at least one sample which exceeded the reference concentration for lead (7.32 

ppm). Soil boring 33S57 had a lead concentration of 756.0 ppm. 

Aluminum was detected in all 47 samples collected at concentrations ranging from 37 ppm to 

20,100 ppm. The reference concentration for aluminum 3833.6 ppm was exceeded in 13 
samples. Barium was detected in 46 samples collected at concentrations ranging 0.58 to 127 
ppm. The reference concentration for barium (4.63 ppm) was exceeded in 24 soil samples. At 

concentrations ranging from 944 to 14,900 ppm, calcium was detected in 25 samples at 

concentrations exceeding its reference concentration (912.37 ppm). Iron was detected in all soil 

samples with concentrations ranging from 29.2 to 19,300 ppm. The reference concentration for 

iron was 2745 ppm. Manganese concentrations exceeded its reference concentration of 21.36 
ppm in 14 samples. At concentrations ranging from 63.3 to 282 ppm, sodium was detected in 

/4 
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Notes: 
mQ/kQ 
ND 

- - 
- - Not detected 

Milligrams per kilogram or parts per million Ippm) 

J - - Concentration is an estimated value above the instrument 
detection limit. 

Reference concentration Two times the mean background concentration and one-half 
the detection level for non-detections. Exceedances are in 
bold. 

- - 
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all samples. Zinc was detected in all samples collected at concentrations ranging from 1.4 to 
656.0 ppm. The reference concentration (16.87 ppm) was exceeded in 20 samples. 

Cyanide 
Cyanide was detected in eight of 26 borings as shown in Table 7-3. Detections were in soil 

samples collected from the swale area. Values ranged from 0.8 ppm at 33S39 to 169.0 ppm at 

33S01 both at the swale area. All detected cyanide concentrations exceeded the reference 
concentration of 0.52 ppm. 

Interpretation and Conclusions 

In general, the highest concentrations of all compound groups were consistently detected in soil 

from the swale area; concentrations of most compound groups outside the swale area, except for 

PAHs northwest of the ISDB, are generally lower. Vertical trends in compound concentrations 

within the swale and former ISDBs area, in general, were not apparent; both detected and 
nondetected concentrations were reported for the 2-foot and 4-foot collection intervals, and many 
borings were completed to only 2 feet due to a high water table. Within boring 33324, next to 
the southeast side of the former ISDBs, several organic compounds and metals increase in 

concentration with depth. The heterogenous nature of the swale soil indicates that historical 

surface drainage from the ISDBs may have impacted soil in this area. The ubiquitous presence 

r 

of pesticides in all borings except two completed beneath an asphalt cover (33S24, 33S25), 

indicates detected concentrations of pesticides are likely resultant of widespread surface 

application for pest control. 

In addition to concentrations at the swale area, the highest concentrations of PCBs were detected 

in the former domestic sludge drying beds. Total PAHs, pesticides, and metals were detected 

at the highest concentrations in the drying beds of the abandoned wastewater treatment plant 

(which have been removed). Vertical distribution of contamination generally indicates surficial 

contamination in the former domestic sludge drying beds. r 
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One soil boring (33S56) in the overgrown area east of the domestic sludge drying beds had 

detected concentrations of total PAHs (89 ppb), total pesticides (21.2 ppb), chromium (8.2 ppm), 

and cadmium (12.8 ppm). 

Comparison of the analytical data with the soil-gas screening data indicates the actual 

predominant soil contamination at Site 32 consists of compound groups other than VOCs. The 

soil-gas screening can detect only VOCs. However, trace concentrations of nonchlorinated 

VOCs from soil-gas screening stations in the swale area appear to correlate with the CLP- 

reported concentrations of petroleum derived semivolatiles there. CLP soil analyses did not 

detect 1,l-DCE around the former ISDBs, whereas soil-gas analyses did. Possible explanations 

for the variations are the differences in extraction and analytical methods, and loss of volatile 

constituents during sampling and analysis (although every effort was made to minimize the 

latter). a^ 

7.1.2 Sites 33 and 35 

Sites 33 and 35, which are evaluated and presented together due to their areal interconnections 

consist of the three wastewater treatment ponds and the miscellaneous SWMUs, covering the 

majority of the IWTP grounds. Soil borings advanced to investigate Sites 33 and 35 include: 

33307 

33S09 through 33S13 

33314 through 33316 

33S23 

33345 through 33S47 

33350 through 33S52 

Soil contamination was identified in association with the former surge pond, the surge tank, the 

former underground waste oil storage tank, the historic waste line breach, the historic acid spill, 

the present surge tank, the chlorine contact chambers and filter press, and the bilge water /A 
I 
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treatment plant spill area. The water table was encountered generally at 2 to 4 feet over most 

of the area; hence one to two soil samples representing 2-foot intervals were collected from most 

borings. Boring 33S12, located on top of the former surge pond berm, was completed to 10 feet 

before encountering the water table. A dark gray horizon was observed at the water table and 

high OVA responses were detected during advancement of boring 33S12. Five soil samples 

were collected from boring 33S12. Two borings, 33S45 and 33S46, with four samples collected 
from each, were completed around the surge tank to the water table at a depth of approximately 

7 feet. A black stained soil horizon immediately above the water table was observed during 

advancement of boring 33S50 at the location of the former waste oil UST. Boring 33S16, 

located at the bilge water treatment plant spill area, yielded oil-saturated soil below 

approximately 1 foot in depth. Boring 33S14 (near the chlorine contact chamber and pressure 

filters) yielded a dark to black soil layer near the surface and soil with small pieces of black 

organic material at depth. Logs for Sites 33 and 35 soil borings can be found in Appendix D. f- 

Analytical Results 
Laboratory analytical results indicate the presence of several contaminant groups including 

semivolatiles, pesticides, PCBs, and metals. Detected compounds and concentrations for all 

analyzed samples are presented in a database summary in Appendix L. Table 7-4 summarizes 

the reported concentrations of PAHs, total pesticides, and PCBs arranged by boring and depth 

of each sampled 2-foot interval. Table 7-5 summarizes individual PAH concentrations. 

Accompanying maps present a two-dimensional, areal concentration distribution using the highest 

concentrations recorded for each boring. 

Volutile Organic Compounds 

Volatiles were detected in soil from borings 33313, 33314, 33S50, 33S51, and 33S52. Soil 
boring 33S50, at the edge of the former waste oil UST excavation, had a detected concentration 

of total xylenes in the soil associated with the black stained soil horizon at the water table (see 
zh 
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. Table 7-6). Acetone, a common laboratory artifact, was detected at 3,100 ppb at soil boring 

33s 14. 

Chloroform, also a common laboratory artifact, was detected at a concentration of 1 ppb at the 

2-foot and 2 ppb at the 6-foot depths of 335113; 2 ppb at the 2-foot and 4-foot depths of 33850; 

2 ppb at the 4-foot depth of 33S51; and 1 ppb at the 2-foot and 4-foot depths of 33S52. VOC 
concentrations were not reported in other borings. Whereas trace concentrations of 

dichloroethane was detected during the soil-gas survey at the historic waste line breach and the 

southern yard, dichloroethane was not encountered in the laboratory-analyzed samples. It is 

highly likely that the peak identified as dichloroethane in the soil-gas survey is another unknown 

compound that elutes at the same time as dichloroethane thus creating a false positive. 

Semivolatiles 
Three semivolatile compound groups were detected at Sites 33 and 35: dichlorobenzenes, 

PAHs, and phenols. Dichlorobenzenes and phenols were determined to be extremely limited in 

extent. Table 7-4 summarizes the reported total concentrations of semivolatiles and Figure 7-5 

presents the distribution of areal concentrations in map view. PAHs were detected in 10 of 16 
borings. Table 7-5 presents individual PAH concentrations in Site 33 and 35 soil. 

f" 

Detected concentrations of individual compounds range from 35 ppb acenaphthene to 24,000 ppb 

2-methylnaphthalene. The highest total PAH concentration of 5 1,400 ppb was detected in soil 
collected at the 4-foot depth in boring 33S50, the former underground waste oil tank. PAHs 

were also detected at five other borings: 7,102 ppb in 33S51 at the No. 2 flocculator; 2,426 ppb 

in 33346 adjacent to the surge tank; 1,691 ppb in 33S10 at the historic waste line breach area; 

1,379 ppb in 33Sll adjacent to the surge tank; and 1,390 ppb in 33S45 adjacent to the surge 

tank. PAHs were also detected in samples from four other borings (33312, 33S14, 33S23, and 
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r" 

r" Notes: 
P O h  = Micrograms per kilogram or parts per billion (ppb) 
NO - - Not Detected 
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ND ND ND ND ND ND 

ND ND ND ND ND ND 

ND ND ND ND ND ND 

33509 2' ND ND ND ND ND ND 

33523 2' 
4' 

33545 2' 
4' 
6' 
8' 

~ 

33S10 2' ND ND ND ND 57.0 J 120.0 J 
ND ND 120.0 J 140.0 J 360.0 J 280.0 J 

33Sll 2' ND ND ND ND 62.0 J ND 
ND ND 130.0 J 160.0 J 360.0 J ND 

ND ND ND ND 76.0 J ND 
ND ND ND ND ND ND 

ND ND 250.0 J 99.0 J 350.0 J ND 
ND ND ND ND 43.0 J ND 
ND ND ND ND ND NO 
ND ND ND ND ND ND 

~~ 

33512 2' ND ND ND ND 59.0 J ND 
ND ND ND ND ND ND 
ND ND ND ND ND ND 
ND ND ND ND ND ND 
ND ND ND ND ND ND 

33513 2' ND ND ND ND ND ND 
ND ND ND ND ND ND 

6' ND ND . ND ND ND ND 

33814 2' ND ND ND ND ND ND 
4' ND ND 89.0 J 110.0 J 210.0 J ND 
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33507 2' 

33S09 2' 

33310 2' 
4' 

33Sll 2' 
4' 

33312 2' 
4' 
6' 
a *  
10' 

333 13 2' 
4' 
6' 

33914 2' 
4' 

33515 2' 

33S16 2' 

33523 2' 
4' 

ND ND ND ND ND ND 

ND ND ND ND ND ND 

ND ND ND ND ND ND 
ND ND 100.0 J 69.0 J ND 

ND ND ND ND 39.0 J ND 
ND 140.0 J ND ND 140.0 J ND 

ND ND ND ND 58.0 J ND 
ND ND ND ND ND ND 
ND ND ND ND ND ND 
ND ND ND ND ND ND 
ND ND ND ND ND ND 

ND ND ND ND ND ND 
ND ND ND ND ND ND 
ND ND ND ND ND ND 

ND ND ND ND ND ND 
ND 56.0 J ND ND 38.0 J ND 

ND ND ND ND ND ND 

ND ND ND ND ND ND 

ND ND ND ND ND ND 
ND ND ND ND ND ND 

160.0 J 

33s45 2' 
4' 
6' 
8' 

130.0 J 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

170.0 J 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
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33S52 2' 
4' 

BorlnglDapth -. Carbazole 
I 

~~ 

ND 39.0 J ND ND 84.0 J ND 
ND ND , ND ND . ND ND 

33S46 2' 

33847 2' 

50.0 J 250.0 J 46.0 J ND 450.0 40.0 J 
ND ND ND ND ND ND 
ND . ND ND ND NO NO 
ND 110.0 J NO ND 150.0 J ND 

ND ND ND ND ND ND 
ND ND ND ND ND ND 
ND ND ND ND ND ND 

33550 2' ND ND ND ND ND NO 
ND ND ND 1400.0 J 1900.0 J 3600.0 J 

33351 2' ND 690.0 84.0 J ND 1800.0 ND 
ND 74.0 ND ND 95.0 J ND 
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110.0 J 
ND 
NO 

69.0 J 

NO 
ND 
NO 

ND 
NO 

390.0 
ND 

49.0 J 
ND 

33846 2' 
4' 
6' 
a' 

33847 2' 
4' 
6' 

33850 2' 
4' 

33851 2' 
4' 

NO 55.0 J 410.0 320.0 J 2426.0 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND 140.0 J 936.0 

ND ND ND ND NO 
ND ND ND ND ND 
ND ND ND ND ND 

ND ND ND NO ND 
24000.0 10000.0 6600.0 J 2000.0 J 5 1 400.0 

NO NO 410.0 1100.0 7102.0 
NO ND ND 86.0 J 631 .O 

ND ND 62.0 J 61.0 J 445.0 
ND ND ND ND ND 

Notes: 

P B h  = Micrograms per kilogram or parts per billion (ppb). 
J 

NO - Not detected above analytical quantitation limit. 

- concentration is an  estimated value above the instrument detection limit. 
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tal Xylenes in Soil, Sites 33 and 35 

Notes: 
P g h  - 
Total CI-Arom = 

- 

1,2-DCbnz = 
1,3-DCbnz = 
1,4-DCbnz = 
ND - 
J - 

- 
- 

Micrograms per kilogram or parts per billion Ippbl 
Total Chlorinated Aromatic Compounds is the sum of the chlorobenzene, 1,2- 
Dichlorobenzene, 1,3-DichIorobenzene, and 1,4-Dichlorobenzene 
1,2-DichIorobenrene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Not detected 
Concentration is an estimated value above the instrument detection limit. 
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33S52). PAHs were not detected above the instrument detection limits from soil collected from 

outlying borings. A sample of the soil at the bilge water treatment plant spill area (boring 

33316) also had no detected concentrations of PAHs. 

4-Nitrophenol was detected at 87 ppb in soil from the 2-foot depth of 33345. Phenols were not 

reported in other borings at Sites 33 and 35. 

Pesticides 
The following pesticides were detected in all 16 borings at Sites 33 and 35: DDE, DDD, DDT, 

aldrin, dieldrins, chlordanes, BHCs, endrins, endosulfans, and heptachlors. Detected total 

concentrations range from 0.3 ppb near the laboratory/operations building (33309), to 247.5 ppb 

at soil boring 33S5 1 .  Concentrations of individual compounds range from parts per trillion for 

several compounds to 130 ppb for DDE in 33S51. brings with concentrations of total 

pesticides relatively higher than "typical" site concentrations (see Table 7-4) include 33345 and 

33S46, adjacent to the surge tank, and 33351, at the No. 2 flocculator south of the former surge 

pond. 

r 

PCBs 

Arochlor 1260 was detected in four of 16 borings: 33S50 (180 ppb, former waste oil storage 

tank), 33347 (82 ppb, primary clarifier and above-ground waste line leak), 33S10 (17 ppb, at 

the historical waste line breach), and 33312 (16 ppb, southeast of the former surge pond). Other 
borings were nondetect for PCBs. 

Metals 
Cadmium was detected in three borings, chromium was detected in 13 borings, and lead was 
detected in all borings completed at Sites 33 and 35. Table 7-7 presents the concentrations for 

cadmium, chromium and lead in the Site 33 and 35 borings. Figure 7-6 presents their 

concentration distribution. In general, the highest concentrations of total chromium and lead 
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were detected in soil southeast of the former surge pond (333 12), at the No. 2 flocculator south 
of the former surge pond (33S51), the historic waste line breach (33S10), the historic acid spill 

(33S07), and at the former underground waste oil tank (33350). Outlying soil borings generally 

yielded lower values than those more centraJ to the site,. except for 33314 (at the chlorine contact 

chamber,) which yielded one of the highest lead concentrations at 77.1 ppm. All detected 

cadmium concentrations exceeded the reference concentration of 1 ppm. 

Except for borings 33309,33Sll, 33313, 33315,33316,33345, and 33352, all borings exceed 

the reference concentration for Chromium (6.14 ppm) at least once. The reference concentration 

for lead (7.32 ppm) was exceeded in all soiI samples collected from 33S07, 33S10, 33346, 

33S47, 33351, and 33352. At least one soil sample exceeded the reference concentration in 

borings 33312,33314,33323,33S45, and 33350. None of the detected concentrations exceeded 

the reference concentration of lead in 33309, 33Sl1, 33813, 33315, and 33316. 

Other detected metals present most soil borings included aluminum (84 to 6,000 mg/kg), barium 

(0.9 to 58 mglkg), calcium (26.1 to 9,610 mglkg), copper (1.9 to 41.3 mg/kg), iron (74.9 to 

3,560 mg/kg), magnesium (33.8 to 138 mg/kg), manganese (1.6 to 72.5 mg/kg), sodium (59.9 

to 183 mg/kg), vanadium (1.2 to 7.3 mglkg), and zinc (2.3 to 106 mg/kg). The reference 

concentration for aluminum (3,833.6) was exceeded in a single boring (33S51). Arsenic was 

detected in 6 of 16 soil borings at concentrations ranging from 0.83 to 58.9 mg/kg, and 

exceeded the reference concentration of 1.56 mg/kg in borings 33S14, 33S45, 33S46, and 

33S47. For barium, the reference concentration of 4.63 mg/kg was exceeded in 1 1  of 16 

borings. Calcium, detected in every boring except 33312, exceeded the reference concentration 

of 912.37 in 7 borings. Copper, detected in 1 1  borings, exceeded the reference concentration 

of 5.74 mg/kg in 7 borings. Iron, detected in every boring, had reference concentration 

exceedances in 33S23 and 33351 only. Magnesium, detected in 10 borings, exceeded the 

reference concentration of 133.33 mg/kg in 33323 and 33S45. Manganese, which was detected - 
I 
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f- 

I 

33S11 2' ND 3.6 2.8 
4' ND 1.7 5.4 

33S12 2' ND 8.5 48.4 
4' ND 28.9 9.3 
6' ND 73.8 6.4 
8' ND 67.8 5.0 

10' ND 64.9 7.9 

33S13 2' ND 5.4 6.9 
4' ND ND 1.4 
6' ND ND 0.53 

33814 2' ND 9.5 77.1 
4' ND 2.4 3.3 

33S15 2' ND 1.8 J 2.1 

33S16 2' ND ND 1.7 

. 33s23 2' ND 13.1 8.8 
4' ND ND ND 

33s45 2' ND 3.6 14.5 
4' ND ND 2.8 
6' ND 5.2 7.6 
8' ND 3.8 2.9 

33846 2' ND 6.5 13.7 
4' ND ND 16.0 
6' ND 3.0 22.7 
8' ND 2.7 9.3 

33s47 2' ND 7.3 19.7 
4' ND ND 14.3 

, 6' ND 4.3 15.8 
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r 

33S51 2' 2.2 40.3 13.3 
7.5 174.0 02.0 

33852 2' ND ND 38.7 
ND ND 37.4 

r 

Notes: 

ND - - Not detected 
mg/kg 

J 

Reference concentration 

- - 

- - Concentration is an estimated value above the instrument 
detection limit. 

= Two times the mean background concentration and one-half 
the detection level for non-detections. Exceedances are in 
bold. 

Milligrams per kilogram or parts per million (ppm) 

7-43 



I 

/
 

I 
I 

U
 
U
 I 

r.
 



r' 
Corrected Final Remedial Inwstigation Rcpor! 
NAS Pensacola Operable Unit 10 and Site 13 

Section 7 - Nature and Ertetu of Contamination 
scptember I995 

in every boring, exceeded the reference concentration of 21.36 mg/kg in borings 33S14,33S23, 

and 33S51. Mercury was detected in one boring (33S51, 0.36 mg/kg), which exceeds the 
reference concentration of 0.10 mg/kg. Nickel was detected in three borings (33S10, 33S50, 

and 33352) at concentrations ranging from 6.6 to 8.8 mg/kg, which slightly only exceed the 6.38 

mg/kg reference concentration. Silver was detected in only one boring (33S51, 6.7 mglkg), 

which exceeds the reference concentration of 2.07 mg/kg. Zinc, detected in every boring, 

exceeded the reference concentration of 16.87 mg/kg in 9 of the 16 borings. 

Cyanide 
Cyanide, which was identified in several soil samples at Site 32, was detected at Sites 33 and 

35 in only one boring, 33S5 1 ,  south of the former surge pond, at 0.7 ppm, which exceeded the 

reference concentration of 0.52 ppm. 

Interpretation and Conclusions 

The nature of soil contamination at Sites 33 and 35 generally differs from that of Site 32. Apart 

from soil at the former waste oil tank, overall contamination concentrations are generally lower 

than those at Site 32. At Sites 33 and 35, PAHs, chromium and lead were detected at the 

highest concentrations and with the greatest frequency. Total phenols were detected only at the 

historic waste line breach and near the surge tank. Contamination distribution patterns vary with 

specific compounds. In general, the highest concentrations of most compound groups are 
associated with the area south and east of the former surge pond, the 1989 wasteline breach, and 

the area around the surge tank, indicating those facilities and spills to be likely sources of soil 
contamination. The contamination source for boring 33314 appears to be local, and is likely 

related to operations at the chlorine contact chambers and filter press. 

In contrast to this general nature of soil contamination, contaminated soil at the former 

underground waste oil tank is similar to that of the swale area of Site 32. In soil from the 
former underground waste oil tank location, chlorinated aromatic compounds were detected, 

r 
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whereas samples from all other borings at Sites 33 and 35 were nondetect for those compounds. 

Soil from the former waste oil tank also yielded xylenes and 2-butanone, the only detected 

Occurrence of 2-butanone in soil identified in any sample. Organic compounds concentrations 

are comparable to those of the swale area of Site 32 and are generally higher than concentrations 

elsewhere at Sites 33 and 35. Based on the amount of contaminated soil excavated during the 

tank removal, and analytical results from boring 33350 (placed at the limit of the former 

excavation), the source of this contamination is most likely related to the former waste oil UST. 

Vertical trends in compound concentration in the vadose zone at Sites 33 and 35 are inconsistent. 

PAH concentrations at the surge tank appear to be concentrated near ground surface and near 

the water table. In other places, PAH concentrations dramatically increase from the 2-foot to 

4-fOOt interval, suggesting contaminant accumulation at the water table. These increases occur 

at the following locations: (1) the former waste oil tank (33S50), (2) the historic waste line 

breach (33S10), and (3) the chlorine contact chambers/pressure filters (33S14). Data from soil 

south of the former surge pond (33S12 and 33S51) and southern yard (33S23) indicate greater 

surfkid PAH contamination than the soil at the water table. Other contaminants at the former 

surge pond (pesticides, PCBs, chromium) also increase in concentration with depth. 

Vertical distribution of organic contamination at the surge tank suggests the tank has impacted 

surface soil and soil immediately above the water table - possibly from leakage of wastewater 

from the tank walls and possibly from the tank bottom. Vertical distribution of organic 
contamination at the former waste oil tank indicates a correlation with the black stained soil layer 

immediately above the water table. 

Phase I boring locations were based on soil-gas preliminary results, and Phase I1 locations were 

chosen as point checks at specific units or potential sources. As a result, borings were widely 

spaced. Based on the contaminant source survey and the discrete and isolated functions of many 

potential sources at these sites, it would appear that many soil analytical results may represent 
/4 
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unrelated and unconnected areas of contamination. Phase In was conducted to collect surface 

soil samples to support the BRA. 

Soil borings were not completed around the fprmer stabilization and polishing ponds because soil 

beneath these ponds was previously sampled and analyzed during RCRA closure. Only trace 

amounts of phenols were reported (E&E 1992a), and the ponds and associated soil were clean- 

closed under RCRA. Surrounding soil is not expected to be impacted by the ponds because 

water levels reportedly have never exceeded storage capacity, and there was a contingency for 

rerouting wastewater if needed (Taylor, 1993). 

7.1.3 Area North of IWTP 
The area north of the IWTP was evaluated to a limited extent due to the detection of trace 

concentrations of nonchlorinated aromatic VOCs during the soil-gas survey. Soil borings in this 

area include 33S17 and 33S18, located at soil-gas stations BW4 and B11/7, respectively, 

approximately 400 and 800 feet north of the former ISDBs. Field evidence of soil contamination 

was not apparent. The water table was encountered at approximately 2 feet hence one soil 
sample representing a 2-foot interval was collected from each boring. Logs for these borings 

can be found in Appendix D. 

/4 

Analytical Results 
Laboratory analytical results indicate concentrations of pesticides, PCBs, and metals. Detected 

compounds and concentrations for the two borings are presented in a database summary in 

Appendix L. Figure 7-7 presents concentration distribution of compounds detected in these 

borings. Laboratory results are discussed below. 

Volahles 

Although trace concentrations of petroleum VOCs were detected at the two sampling locations 

during the soil-gas survey, no volatiles were detected in the laboratory-analyzed samples. 
f l  
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Semivolatiles 

Semivolatiles were not detected in the soil samples from north of the IWTP. 

Pesticides 
Pesticides were detected in both borings, 22.6 ppb in 33317 and 0.6 ppb in 33318. Detected 

compounds included DDE, DDT, endosulfans, heptachlors, and chlordanes. 

PCBs 

Arochlor 1260 was detected in soil at 9.6 ppb from boring 33317. PCBs were not detected in 

33S18. 

Metals 

No reference concentration was exceeded for any metal detected in borings 33317 and 33S18. 

Cadmium was not detected in either boring. Chromium was detected at 1.7 ppm in 33317, and 

lead was detected in 33317 (3.4 ppb) and 33S18 (0.6 ppm). 

r". 

Cyanide 
Cyanide was not detected in the area soil borings. 

Interpretation and Conclusions 

Contamination in the soil borings north of the IWTP was minimal. The concentrations of metals 
were below reference concentrations. The presence of pesticides as virtually the only organic 

contaminants is consistent with a suspected history of area-wide surface application of pesticides 
for pest control in an area otherwise relatively undeveloped. PCB contamination in boring 
33S17 may reflect its proximity to the western access road to Magazine Point which also has 
other PCB detections (see Section 7.1.4, Site 13). 
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Phase III IWTP Soil 

Sample Numbering 
Samples collected were given a five-digit identification number. The first two digits 

were "32" to designate Site 32. The third digit "S" designates the soil media. The last two 

digits designates the boring identification. The sample identification number corresponds to the 

boring identification designated by E/A&H except that during Phase III, USEPA designated the 

site number as 32 instead of the previously designated 33. 

Phase III Analytical Results 
The detected concentrations of metals in the WTP soil are summarized in Table 7-8. Cadmium 

was detected at concentrations ranging from below the instrument detection limit in borings 

32S54, 32355, and 32S61 to 23 ppm in 32S01. The reference concentration of 1 ppm was 

exceeded in all samples with detected concentrations of cadmium. Lead was also detected at 

concentrations ranging from below the instrument detection limits to 57 ppm in boring 32S32. 

The reference concentration was exceeded in all samples with detected concentrations of lead. 

None of the detected concentrations of lead exceed the recently released USEPA lead-screening 

value of 500 ppm. Chromium was also detected at concentrations ranging from 1.2 ppm in 

boring 32361 to 910 ppm in 32S01. Except for samples collected from borings 32S54, 32S55, 

and 32361, detected concentrations of chromium exceeded the reference concentration of 

6.13 ppm. Inorganic parameter concentrations exceeding the preliminary remediation goals are 

shown in Figure 7-7a. 

r" 

Organic Parameters 

The detected concentrations of organic parameters are summarized in Table 7-9. No preliminary 

remediation goals for organic parameters were exceeded. 
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Cadmium I 1 .oo 23 1.4 12 21 16 6.2 22 2 ND ND 
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ND 

Cobalt 

Chromium 

1 .87 1.4 ND 1.1 1.3 1.1 ND 1.4 ND ND ND ND 

6.13 910 50 580 680 600 240 780 33 5.3 3.8 1.2 
I 

I 5.2 27 57 59 20 68 4 ND 1.1 NO Copper 5.74 47 
I I I I I I I I I I I 

Molybdenum 

Nickel 

Lead 

Strontium 

NA 1.2 ND ND ND ND ND 1 .ND ND ND ND 

6.38 70 ND 46 46 43 12 64 ND ND ND ND 

7.32 46 28 39 57 56 34 66 14 ND ND ND 

NA 14 34 47 16 7.6 10 19 1.2 ND ND ND 
1 I I 

Titanium NA 32 39 47 54 53 26 42 23 27 36 4.9 
I I I I I 1 

Zinc 

Mercury 

Aluminum 

Vanadium 5.83 5.7 3.2 4.9 7.4 6 2.3 6.7 ND ND ND ND 

16.87 120 23 60 120 120 47 140 7.5 1 .l 2.9 ND 

0.1 0.2 ND 0.12 0.56 0.56 0.16 0.6 ND ND ND ND 

3,833.66 6.100 2.300 4,600 7,000 6.700 2,300 6,600 3 90 280 210 74 

Yttrium NA 1.3 ND 1.6 1.9 1.5 ND 1.8 ND ND ND ND 
I I I I I I I I I I I 

Manganese 21.36 52 38 82 62 69 38 60 3.3 1 1 .E ND 
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Iron 

Sodium 
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2.745 .00 1,800 1.500 1.900 2.800 2.400 1.000 2,600 3 60 93 82 69 

107.85 ND 1 00 110 ND ND ND ND ND ND ND ND 

Notes: 
Sample identification numbers beginning with 32 are the USEPA identification numbers. Sample identification number in parentheses are the corresponding E/A&H sample identification numbers. 
Reference concentration exceedances are bold. 
PPm = Parts per million or milligrams per kilogram 
NA - - Not analyzed 
J = Estimated value 
ND E Not detected at or above the instrument detection limit 
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Pesticides PCBs 

Aroclor 1260 was detected in borings 32S01 (160 ppb) and 32S32 (560 ppb) and was the only 

PCB detected. Gamma-chlordane (10 ppb) and trans-nonachlor (7 ppb) were detected in boring 

32S32. 

Sernivolatiles 

The only semivolatile detected was the common laboratory contaminant bis-(2-Ethylhexyl) 

phthalate (570 ppb) in the duplicate sample (32S51) from boring 32S32. 

Volatiles 

1,2-Dichloroethane was detected in the soil samples collected from borings 32S01 (20 ppb), 

32332 (13 ppb), 32336 (7.8 ppb), and 32S39 (8.7 ppb) in the swale area. Also detected in the 

swale area borings were toluene and m-xylene. O-xylene was also detected in boring 32S24 (5.8 

PPW 
(4 

7.1.4 Site 13 
Site 13 consists of the construction debris piles and fill located along the eastern clay road on 
Pensacola Bay and the recent dredge spoil dumping ground at the northern tip of Magazine 

Point. Soil borings located at Site 13 include 13S02 through 13S06 and 13S61 through 13S70. 

Contaminants were detected in the soil of the construction debris disposal areas. Detected 

concentrations of some parameters were identified sporadically in soil associated with the dredge 

spoil material. The water table was variably encountered at 3.5 to 8 feet depending on the 

vertical buildup of fill and disposed of material; hence, two to four soil samples representing 2- 
foot intervals were collected from each boring. Field sampling yielded heterogenous fill material 

in the area immediately east of the IWTP, including wood and black sands associated with 

asphalt debris. The dredge spoils consisted of homogeneous sands. An orange clay surface of 
/" 
I 
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Notes: 
PPb = Parts per billion or micrograms per kilogram 
N A  - - Not analyzed 
J - - Estimated value 
ND - 
Sample identification numbers beginning with 32 are the USEPA identification numbers. Sample identification number in parentheses nre the corresponding ElALH sample identification numbers. 

Not detected at or above the instrument detection limit. 
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a buried road beneath the dredge spoils was encountered at the bottoms of borings 13363, 

13364, and 13S65. Borings 13S06 (east of northeast comer of Chevalier Field) and 13S69 (at 

Magazine Point), completed near the edges of debris piles, and 13S70, completed away from 

any apparent fill areas, yielded apparently natural sands. Logs for the Site 13 borings can be 

found in Appendix D. 

Analytical Results 

Laboratory analytical results indicate the presence of several compound groups, including 

semivolatiles, pesticides, PCBs, and metals. Detected compounds and concentrations for all 

borings are summarized in Appendix L. Results are discussed by group below. Tables present 

detected concentrations of contaminants by boring and depth of each sampled 2-foot interval. 

Accompanying maps present a two-dimensional, areal concentration distribution using the highest 

concentrations recorded for each boring. 

Volatiles 
VOCs were detected in soil from boring 13S06 (northeast of Chevalier Field), with toluene, a 

common laboratory contaminant, detected at 1 ppb and total xylenes at 180 ppb. Acetone, a 

common laboratory artifact, was detected in soil from boring 13S05 at 800 ppb. 

Semivolatiles 
Two semivolatile compound groups were detected at Site 13, including PAHs and phenols. 

Figure 7-8 presents the concentration distribution of PAHs and phenols in map view. Detected 

concentrations of PAHs are summarized in Table 7-10. 

PAHs were detected in four of 15 borings. Table 7-1 1 presents individual PAH concentrations 

in Site 13 soil. 
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NA 
72.0 
NA 

100.0 

Table 7-10 

(CIQIkQ) 
of Organic Compounds Concentration in Soil, Site 13 

I 

NA' 
339.0 
NA 
ND 

Soil Boring Depth 

NA 

NA 
5.8 

0.5 

13S02 2' 
3' 
4' 
6' 

NA 
ND 
NA 
ND 

1 3S03 2' 
3' 
4' 
5' 

NA 
34.8 
NA 
12.3 

13S04 2' 
4' 
6' 
8' 

NA 
ND 
NA 
ND 

13S05 2' 
4' 

4.7 
8.9 

ND 
ND 

1 3S06 2' 
4' 

ND 
ND 
ND 
ND 

13S61 2' 
4' 
6' 
7' 

ND 
ND 

5,700.0 
ND 

13862 2' 
4' 
6' 
7' 

ND 0.7 ND 
ND 0.1 ND 

ND 33.1 ND 
ND 0.4 ND 

13S63 2' 
4' 
6' 

.N D 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 

ND 
ND 
ND 

125.0 

13S64 2' 
4' 
6' 
8' 

ND 0.3 ND 
ND 0.8 ND 
ND 0.7 ND 
ND 0.2 ND 

ND . 0.2 ND 
ND 0.1 ND 
ND 0.4 ND 
ND 0.1 ND 

ND ND ND 
ND 0.2 ND 
ND 0.5 10.0 

ND 0.4 ND 
ND 0.2 ND 
ND 4.3 3.7 
ND 3.1 ND 

13S65 2' 
4' 
6' 
7' 

0.1 
0.8 
0.3 
0.1 

otal Pesticides I PCBs 

ND 
ND 
ND 
ND 

NA 
269.0 
NA 

1,758.0 

NA 
ND 
NA 
ND 

ND 
ND 
ND 
ND 

50 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
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I 

f- 

Soil Boring Depth 11 Total PAHs 
I1 

ry of Organic Con 

Total Phenols 

ND 
ND 
ND 
ND 

n 

Total Pesticides PCBs 

0.2 ND 
0.6 ND 

ND 6.4 
0.2 15.0 

Table 7-10 
pounds Concentration in Soil, Site 13 

h I / k g )  

1 13S67 2' 
4' 
6' 
8' 

13866 2' 
4' 
6' 
8' 

ND 

ND 

ND 
ND 
ND 
ND 

13S68 2' 
4' 
5' 

ND 
ND 
ND 

ND 
4' 2' 11 ND 

11 13869 

ND 
4' 2' 11 ND 

11 13S70 

ND 
ND 
ND 
ND 

0.9 
0.3 

0.2 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 

ND 
ND 
ND 

Notes: 
PdkQ = Micrograms per kilogram or parts per billion (ppb) 
ND = Not detected 
NA = . Not analyzed 
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NO 

NO 
ND 
NO 
NO 

NO 
NO 
NO 
NO 

NO 
NO 
ND 
NO 

Soil 

1 
Bento1a)snthraccne Benzo(a)pyono Bonzo(b,k)fluoranth~~ 

ND NO 

NO NO 
NO ND 
ND NO 
ND NO 

ND NO 
NO NO 
ND NO 
ND NO 

NO ND 
NO ND 
ND NO 
NO NO 

13S64 2' NO 
4' NO 
6' NO 
8' NO 

NO 
NO 
NO 

NO 
NO 

NO 
NO 

NO 
NO 
ND 
ND 

ND NO 
ND NO 
NO ND 

NO ND 
NO NO 

ND NO 
NO NO 

NO 
ND 
NO 
NO 

13565 2' 
4' 
6' 
7 '  

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

13S66 2' 

13S67 2' 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

NO 
NO 
ND 
NO 

NO 
NO 
NO 
NO 

13s68 5' :: /I NO 
NO 
NO 

NO 
NO 
NO 

NO 
NO 
NO 

NO 
ND 

13S69 2' 11 ND 
4' NO 

13570 2' 11 
4' 

NO 
NO I :: I NO 

NO 
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13S05 2' 
4' 

13S06 2' 
4' 

13S61 2' 
4' 
6'  
7' 

13562 2' 
4' 
6'  
7' 

13863 2' 
4' 
6' 

NO ND ND ND ND ND 
NO ND ND ND ND ND 

ND 21 00.0 J ND 3600.0 J ND 5700.0 
NO ND ND ND ND ND 

ND NO ND ND ND ND 
NO NO NO NO ND ND 
NO ND ND ND ND NO 
NO ND NO ND ND NO 

ND ND NO NO ND NO 
ND NO ND ND ND ND 
NO ND ND ND ND NO 
ND ND ND ND ND NO 

ND ND ND ND ND NO 
NO ND ND ND ND ND 
ND ND ND NO ND ND 
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ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 

ND 
ND 

Soil 
. BoringlDepth 

ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 

86.0 J 39.0 J ND ND 125.0 

ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 

ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND ND ND ND 

ND ND ND ND ND 
ND ND ND NO ND 
ND ND ND ND ND 
ND ND ND ND ND 

ND ND ND ND ND 
ND ND NO ND ND 
ND ND ND ND NO 

ND ND ND ND ND 
ND ND ND ND ND 

13564 2 '  
4 '  
6' 
a' 

ND 
ND 

13565 2' 
4' 
6'  
7' 

ND ND ND ND ND 
ND ND ND ND ND I 

13566 2' 
4' 
6' 
8'  

13567 2' 
4' 
6'  
8' 

13568 2' 
4' 
5' 

13S69 2' 
4' 

13S70 2' 
4' 
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Summary of PAH 
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Notes: 
NA f Not analyzed 

P g h  = Micrograms per kilogram or parts per billion (ppb). 
J 

ND - - Not detected above analytical quantitation limit. 

E Concentration is an estimated value above the instrument detection limit. 
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~ 

Concentrations of total PAHs ranging from non-detect to 5,700 ppb in 13S06 were detected in 

soil from borings east of the IWTP and northeast of Chevalier Field near construction debris 

piles containing asphalt. Detected concentrations of individual compounds in the area range 

from 35 ppb chrysene and fluoranthene to 3,600 ppb phenanthrene. Borings at the dredge spoil 

area were generally nondetect with respect to PAHs, except for 13364. This boring yielded 125 

ppb total PAHs from the soil at the interface with the underlying buried road. Other borings 

yielded nondetect results. 

Phenols were detected in soil from two of six borings associated with asphalt debris: 13S02 

southeast of IWTP contained 4-chloro-3-methylphenol at 240 ppb and phenol at 99 ppb, and 

13S04 east of IWTP contained phenol at 50 ppb. Other borings yielded nondetect results. Table 

7-10 lists the total phenols concentrations. 

7- 
Pesticides 

Pesticides were detected in soil from all 15 borings. Table 7-10 lists total pesticide 

concentrations. Figure 7-9 presents those concentrations in map view. Detected compounds 

included DDD, DDE, DDT, aldrin, chlordanes, dieldrins, endosulfans, endrins, heptachlors, 

methoxychlors, and BHCs. Concentrations of total pesticides range from 0.1 ppb at 13S68 (the 

dredge spoil area) to 34.8 ppb at 13S03 (east of polishing pond). Individual compounds ranged 

from parts p& trillion to 22.0 ppb p,p-Methoxychlor in 13S03. Detected values are generally 

in the parts-per-trillion level in the dredge spoil area and higher east of the IWTP. 

PCBs 
Arochlor 1260 was encountered in soil from three borings (13363, 13S64, and 13S66) at the 

dredge spoil area, one boring (13369) east of the dredge spoil area, and was not detected in 

borings east of the IWTP and Chevalier Field. Table 7-10 lists the detected concentrations of 

PCBs; Figure 7-9 presents PCB concentrations on a map. Detected values range from 3.5 to 
F-- 
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15 ppb. In borings 13363 and 13364, both at dredge spoils, the PCBs were encountered in soil 

from the interface with the underlying buried road. Boring 13S69, immediately northeast of the 

dredge spoils yielded detectable concentrations of PCBs in apparently native soil. 

Metals 
Table 7-12 presents the detected concentrations of cadmium, chromium, and lead. Figure 7-10 

presents these concentrations in map view. Cadmium was detected in only two borings located 

east of the IWTP, at concentrations of 1.5 and 1.3 ppm, respectively. Both detected 

concentrations exceeded the reference concentration of 1 ppm. Chromium was detected in most 

borings, with detected concentrations ranging from 2.3 ppm (13S64, dredge spoil area) to 15.1 

ppm (13S04, east of IWTP). Borings 13S02, 13S04 and 13S64 had chromium detections which 

exceeded the reference concentration of 6.13 ppm. Lead was detected in most borings, with 

values ranging from 0.5 ppm (13S65, dredge spoil area) to 32.7 ppm (13S02, southeast of the 

IWTP). Only borings 13S02, 13S03, 13S04, 13S05, and 13S64 had detected concentrations 

which exceeded the reference concentration of 7.32 ppm. Soil from the dredge spoil area 
generally had no detected metals, while soil borings east of the IWTP were only slightly higher. 

P 

Other detected metals present in most soil borings included aluminum (63.2 to 12,700 mg/kg), 

arsenic (0.68 to 2.5 mg/kg), barium (0.71 to 14.4 mglkg), calcium (26.3 to 34,700 mglkg), iron 

(23.3 to 5,700 mg/kg), manganese (1.4 to 60.2 mg/kg), and sodium (73.1 to 425 mg/kg). The 

reference concentrations for aluminum (3,833.6), arsenic (1.56 mglkg), barium (4.63 mg/kg), 
and vanadium (5.83 mg/kg) were exceeded in four borings: 13S02, 13S03, 13S04, and 13364. 

Calcium's reference concentration of 912.37 was exceeded in three borings: 13S06, 13S63, and 
133%. Copper, detected in four borings, slightly exceeded the reference concentration of 5.74 

mg/kg in three borings: 13S02, 13S04, and 13S69. Iron, detected in all borings, exceeded the 

reference concentration of 2,745 in 13S02, 13S04, and 13S64. Magnesium, detected in five 
borings, exceeded the reference concentration of 133.33 in borings 13S63, 13S64, 13S66, and 

P 
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13S02 2' 
4' 

13S66 2' 
4' 
6' 
8' 

13S67 2' 
4' 
6' 
a' 

~~ 

13868 2' 
4' 
5' 

13869 2' 
4' 

13S70 29 
4' 

Table 7-12 
Selected Metals Concentrations in Soil, Site 13 

1.00 ' I '6.13 I .  7.32 

1.5 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 

ND 
ND 

ND 
ND 

10.1 
0.0 

ND 
ND 

2.4 
2.7 

ND 
ND 

2.3 
3.4 

ND 
NO 
ND 

ND 
ND 

ND 
ND 

32.7 
16.1 

ND 
0.6 
3.1 
1.1 

0.6 J 
0.6 J 
0.8 
1.3 

ND 
ND 

0.6 J 

1.3 
1.8 

2.8 
0.5 J 

Notes: 
mg/kg = Milligrams per kilogram or parts per million (ppm) 
ND = Not detected 
J 
Reference concentration exceedances are bold. 

- - Concentration is an estimated value above the instrument detection limit. 
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13369. Manganese, detected in all but one boring, exceeded the reference concentration of 
21.36 mg/kg in borings 13S02, 13S03, 13S04, and 13S64. Sodium was detected at 
concentrations exceeding the reference of 107.85 mg/kg in every boring. Zinc was detected in 

only one boring, 13S02, at concentrations slightly exceeding the reference of 16.87 mg/kg. 

Cyanide 
Cyanide was encountered in four borings at concentrations exceeding the reference concentration 

of 0.52 ppm: 13S05, 1.7 ppm, 13S63, 3.3 ppm, 13364, 2.7 ppm and 13S65, 1.3 ppm. 

Interpretation and Conclusions 

Overall, a comparison of analytical results between the construction debris borings (13S02 
through 13S06) and the dredge spoil borings (13S61 through 135169) indicates a marked 

difference in the nature of contamination between the two materials. Semivolatiles present in 

five soil samples collected from the construction debris borings northeast of Chevalier Field and 

the east of the IWTP are likely associated with asphalt debris; however, for the most part, 

semivolatiles were nondetected in the dredge spoil borings. Pesticide and metal concentrations 

are similar between the two areas. PCBs, associated with a relict roadway, were detected in the 
dredge spoil borings but not in the construction debris borings. 

r 

Vertical and lateral distribution of compounds indicate soil east of the IWTP and Chevalier Field 

contains isolated areas of PAH and metals concentrations within more extensive areas of no 

contamination, except for the ubiquitous presence of pesticides. Aside from concentrations of 
pesticides, borings in the dredge spoil area almost exclusively detected organic compounds in 

soil from the interface between the dredge spoils and the underlying buried road. 

Soil from boring 13S70, located away from any apparent debris or dredge piles, contained trace 
concentrations of lead and pesticides, and nondetect results for all other compounds. Given its 

P 
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distance from any known or potential sources and/or spill, this boring represents reference 

conditions specific to Magazine Point. 

Comparison of the present study to the Phase I study performed by E&E for Site 13 in 1991 

indicates a difference in semivolatile concentrations found in the construction debris borings. 

Total PAH and phenol concentrations detected in the present study are lower than those recorded 

for the Phase I study. Varying concentrations in both the present and past studies indicate 

heterogeneous conditions of the construction debris piles, in agreement with visual conditions. 

In addition to media heterogeneity, inconsistencies in sampling and analytical procedures 

between the present and past studies may have contributed to differences in reported 

contamination. 

Phase III Site 13 Soil Sampling Analytical Results 
USEPA analytical results for metals, the only parameters detected in the Site 13 samples, are 
summarized in Table 7-13. The samples collected from Sludge 1 and Sludge 2 had the greatest 

frequency of metal detections. The detected concentrations of lead and chromium exceeded the 

reference concentration in the sample collected from Sludge 2. Cadmium did not exceed the 

reference concentration. 

Phase 111 USEPA and E/A&H Soil Data Comparison 

Lead, cadmium and chromium from the USEPA data and the data collected by E/A&H are 

compared in Table 7-14. As stated in the USEPA Final Report, OU 10 Surface Soil Data Gaps 

and Monitoring Well Sampling Evaluation, the two data sets generally agree for inorganics, even 

though the samples collected by E/A&H were from a 0 to 2-foot bgs interval. Generally all of 

the detections were within an order of magnitude for the same sample location. Although the 
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Notes: 
ppm = Parts per million or milligrams per kilogram 
NA - - Not analyzed 
J - - Estimated value 
ND - - 
Reference concentration exceedances are in bold. 
Sample identification numbers beginning with 32 are the USEPA identification number. Sample identification numbers in parentheses are the corresponding ElALH sample 
identification number. 

Not detected at or above the instrument detection limit. 
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NOt66: 
ND - - Not detected at or above the instrument detection limit. 
All values are in milligrams per kilogram (mgkg) or parts per million (ppm). 
Sample identification numbers beginning with 32 are the USEPA identification number. Sample identification numbers in parentheses are the corresponding ElALH sampla 
identification numbers. 
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32553 (33553) 500 U 310 200 u' 0.7 J 0"-6" 0'-2' 

32S54 (33854) 500 u 34 200 U' 1.7 U 0"-8" 0'-2' 
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32832 (33S323 

32801 (33S01) 

32336 (33836) 

32839 (33839) 

32806 (1 3806) 

I I I I I I 
500 U 35 u 200 U' 0"-10" 0'-2' , 11 32806 (33S06) 

560 39 10 1.7 J 0"-10" 0'-2' 

160 J 20 J 200 U' 1.1 J 0"- 1 0" 0'-2' 

500 U 350 J 200 U' 31.0 J 2"-9" 0'-2' 

500 UJ 210 200 UJ' 32.0 .2"-12" 0'-2' 

5 0 0 u  36.0 U 200 U' 1.1 J 0"-8" 0'-2' 

I NA I 200 U' NA 0"-8" I 0'-2' 500 U 11 32S24 (33S24) 

~ ~~~~~~ 

I I I I II 11 32555 (33855) 500 U 100 200 v 1.8 U 0"-9" 0'-2' 

0".9" I 0'-2' II 11 32868(13868) I 500 U I 34.0 U I 200u '  I 1.8U I 

Notes: 
Sample identification numbers beginning with 32 are the USEPA identification number. Sample identification numbers in parentheses are the corresponding E/A&H sample 
identification numbers. 
All values are in micrograms per kilogram f p g k g )  or parts per billion (ppb). 
NA - - Not analyzed 
a 
U = Compound was not  detected. 
J E Concentration is an  estimated value. 

- - Minimum quantitation limit for gamma-chlordane was not presented. The quantitation limit presented in this table is for chlordane. 
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USEPA analyzed for molybdenum, strontium, titanium, and yttrium, these parameters cannot 

be compared because these analytes are not on the CLP TAL and were not analyzed by 
Compuchem Laboratory (USEPA ILM03.0 3/90). 

Aroclor 1260 and gamma-chlordane from the USEPA data and the E/A&H data are compared 

in Table 7-15. Pesticides generally had fewer detections in the Phase I11 USEPA data; however, 

the USEPA data also had higher minimum quantitation limits. For example, 1,2,4- 

trichlorobenzene had a minimum quantitation limit of 1,500 ppb in the USEPA data, while the 

data collected by E/A&H had a minimum quantitation limit of 330 to 340 ppb. Pesticide 

quantitation limits have a similar discrepancy. Aroclor 1260 has a minimum quantitation limit 

of 500 ppb in the Phase 111 data while in the data collected by E/A&H the minimum quantitation 

limit was 34 to 36 ppb. Therefore, any low level pesticide concentrations slightly above the 

instrument detection limits would be diluted in the Phase I11 data. f- 

In addition, the values reported by E/A&H for semivolatiles and pesticidedPCBs were at or 
below the contract required quantitation limits calculated by the laboratory for soil samples. 

Most compounds were qualified because there was more than 25 percent difference between the 

quantitation and confirmation columns for the detected concentrations. National Functional 

Guidelines for Data Validation provide little guidance for low level pesticide/PCB detections. 

Therefore, the pesticide/PCB detections are presented as positively detected. 

Split samples collected by E/A&H during March 1994 and analyzed by Pace Laboratory of 

Hampton, New Hampshire, also had a discrepancy in the pesticide/PCB analysis. The split 

sampling results are in Appendix S. As shown in Table 7-16, the E/A&H data had similar low 

level detections of pesticides/PCBs for samples collected at the same location and time as the 

USEPA data. For sample 32S39, the detected concentration of gamma-chlordane of 2.3 ppb 

compares to not detected at a 200 ppb minimum quantitation limit in the USEPA sample. 
/4 
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Notes: 
All results are in parts per billion Ippb) or micrograms per kilogram bokg). 
The split samples were analyzed by Pace Laboratory of Hampton, NH. The original sample's detected concentration is shown 
in parentheses. The original sample wes analyzed by Compuchem Laboratory of Research Triangle Park, NC. 
The minimum quantitation limit for alpha and gamma chlordane were not provided by USEPA. The minimum quantitation limit 
for total chlordane (200 ppb) is used in this table. 
U P Not detected 
J - - Estimated value r' 

Aroclor 1260 has a similar discrepancy in the 32339 sample. Aroclor 1260 was not detected 

in the USEPA sample, while the E/A&H sample had a detected concentration of 35 ppm. For 

both parameters, the WA&H detections were similar to concentrations previously detected by 
another laboratory. The previously detected concentrations are shown in parentheses in Table 

7-16. 

7.2 Sediment Contamination 

Sediment samples were collected from the southern drainage ditch, south of the IWTP and bilge 

water treatment plant, and from the bay-bottom fine-grained mud in the Site 13 depressions. 

7.2.1 Southern Drainage Ditch 

Sediment samples collected from the southern drainage ditch include 33M01 through 33M04. 

Figure 7-1 1 shows the locations of the sampling stations. Field sampling yielded dark brown 
P 
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or gray to black organic-rich silts and sands as the ditch bottom matrix. Auxiliary sampling 

information from the sediment collection tasks are provided in Appendix M. Because USEPA 

sediment screening values are to assess ecological risk, comparisons to the screening values will 

be made in Section 10.6. In addition, comparisons for metals will also be made to regression 

equations produced by FDEP (1988). 

Analytical Results 
Laboratory analytical results indicate the presence of semivolatiles, pesticides, PCBs, and metals. 

Volatiles were not detected in any of the drainage ditch sediment samples. The analytical results 

are presented in a database summary in Appendix N. The laboratory results for the four 

contaminant compound groups are discussed below. 

Semivolatiles 

Fluoranthene was detected in sediment sample 33M04 at 43.0 ppb. No other semivolatile 

compound was detected in drainage ditch samples. 

r 

Pesticides 

Pesticides were detected in sediments from all four sampling stations. Table 7-17 summarizes 

the total pesticide concentrations. Figure 7- 1 1 presents those concentrations in map view. 

Detected compounds included DDD, DDT, DDE, aldrin, dieldrin, chlordanes, BHCs, 

endosulfans, and endrins. Concentrations of total pesticides ranged from 52.8 ppb at 33M04 

near the bay to 320.0 ppb at 33M03 by the bilge water treatment plant. Individual compound 

concentrations ranged from parts per trillion for several compounds to 140 ppb DDD. 
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33M02 

33M03 

Table 7-17 
Summary of Detected Concentrations of Pesticides, PCBs, and Metals 

100.7 12.0 2.8 79.0 5.3 

320.0 ND ND 9.3 5.7 

11 33M04 I 52.8 I ND I 34.6 I 1,180.0 I 161.0 

Notes: 
PgJkg = Micrograms per kilogram or parts per billion (ppb) 
mglkg = Milligrams per kilogram or parts per million (pprn) 
ND = Not detected 

PCBs 
Arochlor 1260 was detected in sediments from two sampling stations, as shown in Table 7-17. 

Figure 7-1 1 presents the distribution of PCB concentrations. Values were nondetect at 33M04 

by the bay and 49 ppb at 33M01, located adjacent to the rotor-testing facility. 

Metals 

Cadmium, chromium and lead, detected at Sites 32, 33 and 35, were also detected at the 

southern drainage ditch. Table 7-17 presents the detected concentrations of these metals at the 

four sampling stations. Figure 7-1 1 presents these concentrations in map view. Concentrations 

are highest at station 33M04, located closest to Pensacola Bay, with cadmium at 34.6 ppm, 
chromium at 1,180.0 ppm, and lead at 161.0 ppm. The second-highest metals concentrations 

were detected in sediments from 33M02 (adjacent to the bilge water treatment plant) with much 

lower values of cadmium at 2.8 ppm, chromium at 79.0 ppm, and lead at 5.3 ppm. 
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. Interpretation and Conclusions 
The analytical results show differing trends of sediment contamination for individual compound 

groups: PCB concentrations were lowest at the bay and highest near the former leaking 

underground storage tank at the rotor-testing facility building; metals concentrations increase 

towards the most bayward sampling station, and pesticide concentrations increase toward the 

center of the sampling array at the bilge water treatment plant. Parameter detections in the 

southern drainage ditch indicate an impact from the adjacent bilge water treatment and 

rotor-testing facilities, and/or from the IWTP. Pesticide concentrations, highest along an open, 

nonwooded area of the bilge water treatment plant operations, suggest a preferential practice of 

pesticide application to the area as opposed to the unused wooded area north of the ditch and 

west of the bilge water treatment plant. The increase in metals concentration near the bay may 

be due to precipitation from solution with changes in water chemistry due to the proximity and 
influence of Pensacola Bay, and/or it may reflect a hydrodynamic accumulation of finer 

sediments, which would contain higher concentrations of metals through adsportion. Water 

chemistry data collected during surface water sampling of the ditch indicated an increase in pH 
and decrease in temperature in surface water from station 33M01 to 33M04 (Appendix E). 

r 

7.2.2 Dredge Spoil Depressions, Site 13 

Sediment samples were collected from the Site 13 depressions associated with the dredge spoils 

at the northern tip of Magazine Point. Sediment samples in the depressions include 

13M61 through 13M67. Four samples were collected within the two large depressions, in which 

finer bay-bottom sediments had been placed, while three were collected in poorly defined former 

depressions which have since been covered with wind-blown sand. Field sampling of the fine 

sediments yielded dark gray fine silt and clay-size material. Thickness of the sediment varied 

from less than one inch in the sparse sediment areas outside the two prominent depressions, to 

greater than the 6-inch sample collection sleeves inside the depressions. Auxiliary sampling 
information from the sediment collection tasks is provided in Appendix M. 

r' 
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13M61 

13M62 

13M63 

13M64 

13M65 

13M66 

13M67 

-~ ~~~ 

Analytical Results 
Laboratory analytical results indicate the presence of pesticides, PCBs, PAHs and metals 

associated with the bay-bottom dredge sediments. Detected PAHs are summarized in 

Table 7-18. The detected compounds and concentrations for all sediment samples are provided 

in a database summary in Appendix N. Results are discussed below. 

ND 1.1 14 ND 1.4 58.1 28.5 

459 2.8 28 3.2 ND 35.0 11.2 

ND 17.2 ND 0.8 ND 11.7 4.7 

. ND 22.8 ND ND ND 3.6 12.7 

108.0 

1,819 10.8 31 2.9 J ND 21 .o 12.6 

ND 5.7 16 ND ND ND 1.3 

320 ND ND 16.7 5.9 159.0 

Semivolatiles 
PAHs were detected in three of the seven sediment samples. Table 7-19 presents individual 

PAH concentrations in dredge spoil fill area sediment samples. 

Notes: 
PglkQ = Micrograms per kilogram or parts per billion (ppb) 
mgikg = Milligrams per kilogram or parts per million (ppm) 
ND = Not detected 
J - - Reponed value is considered an estimate. 
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A summary of detected concentrations of PAHs is presented in Table 7-18 and 7-19. Figure 7- 
12 presents the concentration distribution in map view. The responses were associated with 

samples collected from the thick accumulation of sediments in the two prominent depressions. 

Detected concentrations were 320 ppb at 13M65, 459 ppb at 13M62 and 1819 ppb at 13M66. 
Sediments outside the prominent depressions yielded nondetect results. 

Pesticides 
The following pesticides were detected in six of seven sediment samples: DDD, DDE, DDT, 

endrins and heptachlors. Figure 7- 12 presents the distribution of pesticides concentration. 

Concentrations of total pesticides ranged from nondetect in 13M65 to 22.8 ppb in 13M64. 

Individual compound concentrations ranged from parts per trillion for several compounds to 14 

ppb DDT. Table 7-18 presents the detected concentrations of pesticides. 

PCBs 
Figure 7-12 presents the concentration distribution of PCBs in map view. Arochlor-1260 was 
detected in samples 13M62, 13M66, and 13M67 at values ranging from 16 ppb to 31 ppb. 

Arochlor-1254 was detected in sample 13M61 at 14 ppb, the only recorded value for PCBs other 

than Arochlor-1260 in any collected sample. Table 7-18 presents the detected concentrations 
of PCBs. 

.r' 

Metals 
Table 7-18 presents the concentration distribution of arsenic, cadmium, chromium, and lead. 

Figure 7-13 presents their distribution in map view. Highest values of arsenic (16.7 ppm), 

cadmium (5.9 ppm), chromium (159.0 ppm), and lead (108.0 ppm) were all detected in 13M65 

in the center of the most prominent depression. Metals concentrations in all other samples were 

less for each compound. 
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I t-I ND ND ND ND ND 

79.0 J ND 170.0 J ND ND 

ND 

ND 

13M65 52.0 J 

ND ND ND ND 

ND ND ND ND 

ND 120.0 J ND NO 
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Phenanthrene 

Notcr: 
ND - - Not detected 
I J g h  = Micrograms per kilogram or parts per billion (ppb). 
J - - Reported value is considered an estimate. 
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Interpretation and Conclusions 

Overall, comparison of analytical results between the dredge spoil sediments and the dredge spoil 
sands shows a marked, difference in depression sediments. The highest concentrations detected 

in samples were from locations with thickest accumulations of bay-bottom mud and a smaller 

fraction of sand-size particles. The detected contamination originated from bay-bottom 

accumulation rather than activities at Magazine Point because of the short time the sediments 

have been on land surface. Only the horizon of contamination found at the interface between 

the dredged sands and the underlying buried road surface is likely the result of impact from 

activities on Magazine Point. Comparison of analytical results between the dredge spoil 

sediments and those of the southern drainage ditch at OU 10 shows a similarity in concentrations 

of metals, but a dissimilarity in organic contamination, with PAHs being the dominant 

contaminant in the sediments of the dredge spoils; pesticides dominate in the drainage ditch 

bottom sediments. The similarity of metals concentrations are indicative of this area. Organic 

contamination differs because of the origin and transport mechanism of the sediments. 
r" 

7.3 Surface Water Contamination 

Southern Drainage Ditch 

Surface water samples were collected from the southern drainage ditch at the same stations from 

which sediments were collected. Figure 7-14 shows the sampling locations. Surface water was 

sampled first to avoid stirring sediment into the water samples. Monitoring of physical water 

chemistry during sampling indicated a rise in pH and decrease in temperature eastward from 

sample 33W01 to sample 33W04. The auxiliary sampling information is provided in 
Appendix E. 

Analytical Results 

Laboratory analytical results indicate trace concentrations of organic contaminants and the 

presence of metals. Detected compounds and concentrations for the four surface water samples 

are listed in a database summary in Appendix 0. 1- 
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Volatiles 
Nonchlorinated aromatic VOCs were detected in all four surface water samples. Detected 

compounds included either toluene or xylenes at 2 ppb or less. 

Pesticides 
Pesticides were detected in all surface water samples at concentrations in the parts per trillion 

total at each station. Compounds detected include DDD, DDT, DDE, BHC, and chlordanes. 

Metals 

Table 7-20 presents the detected concentration of cadmium, chromium, and lead. The cadmium 

concentration at station 33W01 (5.2 pg/L) exceeded the Florida Surface Water Quality Standards 

(FSWQS) (Florida Administrative Code [FAC] 62-770) of 0.72 pg/L and the USEPA AWQC 

of 1.1 pg/L. Cadmium was not detected at the three other stations. Chromium was detected 

only at station 33W02 at a concentration of 10.8 pg/L, which is below the USEPA AWQC of 

210 pg/L for Chromium IIX and 11 pg/L for Chromium XV. Lead was detected above the 

FSWQS of 1.5 pg/L but below the USEPA AWQC of 3.2 pg/L at station 33W01 (2.4 pg/L). 

Bayward, at stations 33W03 and 33W04, the concentrations drop to nondetect for all three 

metals. 

i(" 

Other metals detected, but at concentrations below surface water quality standards, include 

aluminum, barium, calcium, magnesium, manganese, sodium and zinc. 

Interpretation and Conclusions 

Surface water in the drainage ditch appears to be essentially unimpacted from activities at 

OU 10, the bilge water treatment plant, or the rotor-testing facility. Concentrations of heavy 
metals at stations by the bilge water treatment plant and rotor-testing facility are too low to 
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FSWQS 
(USEPA-chronic) 

Table 7-20 
Summary of Detected Concentrations of Metals 

Surface Water Samples - Southern Drainage Ditch 

~ ~~ ~~ 

0.72 NSaSb 1.5 
(1.11 (210', l l b l  (3.21 

ND I ND I ND II 

Notes: 
e Pg/L 

ND - 
FSQWS - - Florida Surface Water Quality Standards: Class Ill Fresh Water 
USEPA-chronic) - - 
a - - Chromium Ill 
b - - Chromium IV 

No standard NS - 

Micrograms per liter or parts per billion (ppb) 
Not detected 

USEPA Water Quality Standards for fresh water; chronic standard 

- r 
- 

The water quality standard were based upon a hardness of 56 mg/L obtained for samples 33W02. 
Standard exceedances are bold. 

provide evidence of any contaminant source or plume entering the drainage ditch. No trends 

in detected concentrations could be established to assess a possible source. The decrease in 
concentrations of metals in surface water to nondetect toward the bay, with a corresponding 

increase in metals in sediments, could be the result of suspended fines settling toward the bay. 

7.4 Groundwater Contamination 

The discussion of nature and extent of groundwater contamination is presented as a whole rather 

than by site due to groundwater's migratory nature. Previous studies have evaluated P 
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groundwater contamination by depths corresponding to shallow, intermediate, and deep well 

groups. Data from the present investigation suggest evaluation of groundwater with depth is a 

useful way to understand the occurrence and movement of groundwater contamination within the 

hydrogeological context of the area. Hence the following discussion is presented by groundwater 

depth and the corresponding well group. Hydraulic gradients used in the following discussion 

are from when the recovery well system was not operating. A discussion of the impact of the 

recovery well system on the hydraulic gradients is presented in Section 6, Geological and 

Hydrological Results. A comparison of groundwater data to surface water quality is presented 

in Section 10.9. 

Historical data show very dynamic conditions of groundwater contamination. Most wells have 

historically yielded contaminated groundwater inconsistent with respect to contaminant 

compounds and concentration trends present over time. In addition, fluctuations in contaminant 

concentrations have generally not corresponded between wells for any given sampling event. 

As a result, contaminant distribution in groundwater has not lent itself to valid contouring of 
contaminant plumes. Data from the present investigation show a similar nontrending 

contamination distribution. Additionally, contaminant distribution in this study is characterized 

by the presence of widely-spaced "hot spots" with intervening sample locations showing 

significantly reduced concentrations; hence concentration distribution maps presented in this 

.r" 

section are not contoured. To better present the distribution of groundwater contamination, 

analytical data from the February 1993 semiannual RCRA groundwater sampling event 

conducted by E&E were incorporated into the present evaluation. E&E conducted the RCRA 

groundwater sampling event on the last day of the groundwater sampling event for this RI/FS 

and the following day (E&E 1993). The use of such data must be qualified, however, because 

CLP laboratory procedures were not followed in deriving the RCRA analyses, and therefore 

analytical results from both programs cannot be completely, quantitatively comparable. Hence 

the RCRA data are used only for a qualitative comparison. The analytical results for the 

February 1993 sampling event are summarized in Appendix P. r' 
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' 7.4.1 Shallow Groundwater 

In all, 15 shallow monitoring wells were sampled for this CERCLA study; 13 monitored the 
condition of groundwater at Sites 32, 33, 35, and 13 in and around the IWTP. In addition 

RCRA data from six shallow wells were incorporated. Figure 7-15 shows the well locations in 

and around the IWTP. Two wells installed and sampled at the northern end of Site 13 

monitored the condition of groundwater at Magazine Point, Figure 7-16 shows these well 

locations. 

Groundwater purged from many of the wells exhibited slight to substantial turbidity, apparently 

reflecting natural groundwater conditions. Groundwater from the surficial zone of the Sand-and- 

Gravel Aquifer was rarely "clear" due to the substantial clay content in the matrix and the 
oxidizing conditions under which it exists. Final stabilization temperatures, pH, and 

conductivities measured during well purging before sampling are presented in Table 7-21. The 

data show the average pH to be 6.5. Values notably lower than 6.5 were recorded at monitoring 

well 33G03, north of the present surge tank, and at GM-81, located approximately 800 feet 
north of the IWTP in the potential wetland areas. Values notably higher than 6.5 were recorded 

in some of the wells near Pensacola Bay (13G06 and 13G 19), and in inland well 33G01, located 

within the swale area. Conductivities varied widely. Excluding a high reading of 7,250 pmhos 

at 13G19, the average conductivity was 267 pmhos. Average shallow groundwater temperature 

was 20.1 TI 

I- 

Analytical Results 

Laboratory analytical results indicate the presence of several contaminant groups, including 

chlorinated benzenes, major metals, and heavy metals. Pesticides were detected in the parts-per- 

trillion range. Detected compounds and concentrations for all shallow monitoring wells are 

provided in a database summary in Appendix Q. Results are discussed by group below. 
Accompanying figures present areal representations of contaminant distributions. 

r' 
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Note: 
+ = Well was dry and could not be sampled. 

Volatiles 

Chlorobenzene was detected in six of 15 CERCLA-sampled wells. Chlorobenzene was not 

detected in any of the RCRA-sampled wells. Chlorobenzene is regulated with an MCL and 

FPDWS of 100 pg/L. Chlorobenzene can occur as a breakdown product of the dichlorobenzene 
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isomers, and in the present study it appears to be strongly related to the occurrence and 
distribution of the dichlorobenzenes. Hence chlorobenzene distribution is discussed with 

dichlorobenzenes below. Toluene, a common laboratory artifact, was reported in groundwater 

from 33605 at 1 pg/L. Also, 1,l-DCA was detected in monitoring well GM-77 at 2 pg/L. 

Semivolatiles 
Dichlorobenzenes were detected in three of 15 CERCLA-sampled wells and appear related in 

distribution with chlorobenzene. Table 7-22 summarizes the detected concentrations of 

chlorobenzene, 1,2-dichlorobenzene, 1,3-dichlorobenzene, and 1,4-dichlorobenzene, 1,2- 

dichlorobenzene and 1,4-dichlorobenzene are regulated, with MCLs and FPDWSs of 600 pg/L 

and 75 pg/L, respectively. 1,3-dichlorobenzene has a Florida Groundwater Guidance 

Concentration of 10 pg/L. Figure 7-17 presents a concentration distribution of the total 

combined chlorinated aromatic compounds, chlorobenzene, 1,2-dichlorobenzene, 1,3- 

dichlorobenzene, and 1,4-dichlorobenzene in shallow groundwater at and around the IW"P. 
r I 

All groundwater samples from northern end of Magazine Point all yielded nondetect results. 

The highest concentrations were reported for 33605 at 122 pg/L total chlorinated benzenes, 45 

pg/L chlorobenzene, 7 pg/L, 1,2-dichlorobenzene, 30 pg/L 1,3-dichlorobenzene, and 40 pg/L 

1,4-dichlorobenzene; for all other wells, concentrations of these parameters were lower or 

nondetect, with none exceeding FPDWS or MCLs. Monitoring well 33G01, located in the swale 

area where soil exhibited chlorinated benzene contamination, yielded 20 pg/L total chlorinated 

benzenes, 18 pg/L chlorobenzene, and 2 p g l L  1,4-dichlorobenzene, GM-9, one RCRA-sampled 

well, also in the swale area, yielded chlorinated benzenes below detection limits of the RCRA 

sampling and analysis program. Acenapthene was detected in 33605 at 19 pglL and 13G19 at 

1pglL. PAHs were not reported in any other shallow well. 

7-99 



Corrected Final Remedial Investigation Report 
NAS Pensamla Operabk Unit 10 and Site 13 

Section 7 - Nature and Enenr of Contamination 
September 1995 

~ ~~~~~ 

122 

ND 

Table 7-22 
Summary of Detected Chlorinated Bsnzoner Compounds 

IWTP Area - Shallow Monitoring Walk 

~~ 

45 7 J  30 40 

ND ND ND ND 

Chlorobonzerw 

20 18 ND ND Z J  

7 7 ND , ND * ND 

ND ND ND ND ND 

33604 ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

(GM-8) (ND) (ND) (ND) (ND) (ND) 

Notes: 
Well IDS and concentrations in parentheses indicate RCRA-sampled wells. 
Total Chlorinated Aromatics include chlorobenzene, 1,Z-dichlorobenzene. 1,3-dichlorobenzene, 1,4-dichlorobenzene, 1,2,4- 
Trichlorobenzene, and Hexachlorobenzene. 
pglL = Micrograms per liter or parts per billion (ppb). 

Not detected ND - 
FGGC = Florida Groundwater Guidance Concentration 
BD - - Present below the detection limit 
FPDWS = Florida Primary Drinking Water Standard 
MCL = Federal Maximum Contaminant Level 
- - - No standard established 
J - - Reported value is considered an estimate. 

- 

7-100 



I 

- r u t  

U MU" 
" " " BUNKER 

I !  
" I 

FORMER INDUSTRIM 
SLUDGE DRrlNG BEDS 

7-101 



Comectd Final Remedial lnmtigation Report 
NAS Pensamla Operabk Unit 10 and Site 13 

Section 7 - Nature and Extent of Contamination 
SeDtember 1995 

Pesticides 
Pesticides were detected at concentrations in orders of parts per trillion, for several wells. 
Pesticides were detected below applicable regulatory levels. These results are presented in a 

database summary in Appendix Q. 

Met& 
Each sample was analyzed for metals from filtered and unfiltered aliquots. The concentration 

distribution maps present unfiltered results. Analytical data for selected parameters of the 

unfiltered aliquots are provided in Table 7-23. Data for unfiltered aliquots are provided in a 

database summary in Appendix Q, and discussed in the text below. 

Figure 7-18 presents the concentration distribution in wells at and around the IWTP. Iron 

exceeded FSDWS of 300 ppb in all CERCLA-sampled wells; manganese exceeded FSDWS of 
50 ppb in eight wells, and sodium exceeded FSDWS of 160,OOO ppb in one well. The detected 

concentrations for iron, manganese, and sodium exceeded their respective background 

concentrations of 1707.8 pg/L, 22.0 pg/L, and 18345 pg/L frequently. Most filtered samples 

yielded a dramatic reduction in iron concentration relative to corresponding unfiltered aliquots, 

with a slight reduction in manganese, and no change or an increase in sodium concentrations. 

A high iron concentration of 26,000 ppb was detected in the unfiltered aliquot from 33G03. Six 

RCRA-sampied wells are also presented in Figure 7-15, with corresponding concentrations 

included in parentheses. Samples collected for metals analysis during the RCRA sampling were 
not filtered. A similarly high iron concentration (29,000 &L) was detected in a RCRA sample 

from GM-67. 

P 

A sodium concentration of 1,050,000 ppb was recorded in the sample from 13G19 at the tip of 

Magazine Point. RCRA-sampled well GM-67 also yielded a sodium concentration of 190,000 
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of Sokctad Motalr, Unfiltorad Rorults 

7-103 



Corrected Final Renudial lnwtigarion Repon 
NAS Pensamla Operable Unit 10 and Site I 3  

Section 7 - Nature and Extent of Contamination 
Scptember 1995 

Noter: 
Standard excaedances are in boM. 
Reference concentration exceedances are underlined. 
Well IDS and concentrations in parentheses indicate RCRA-sampled wells. Samples collected for metals analyses during the 
RCRA sampling were not filtered. 
CldL = Micrograms per liter or parts per billion (ppb) 
ND = Not detectad 
FPDWS = Florida Primary Drinking Water Standard 
FSDWS = Florida Secondary Drinking Water Standard 
MCL = Federal Maximum Contaminant Level 
SMCL = Secondary Maximum Contaminant Level 
J I Reported vdurs are conridered an estimate. 

if- 

f- 
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Heavj, Metals 

Figure 7-18 presents the concentration distribution of cadmium, chromium, and lead in wells at 
and around the TWTP. Included are the six RCRA-sampled wells with corresponding 
concentrations in parentheses. Cadmium was detected in monitoring wells GM-8 at 6.2 pg/L 

and GM-71 at 20.2 pg/L, exceeding the MCL and FPDWS of 5 pg/L; cadmium was not 

detected in the filtered aliquot. In addition, the cadmium concentration in GM-71 and GM-8 

exceeded the reference concentration of 3.4 pg/L. Samples from all other CERCLA-sampled 

shallow wells were nondetect with respect to cadmium. 

Chromium was detected in nine of 15 CERCLA-sampled wells, all below its FPDWS and MCL. 

The reference concentration (35 pg/L) was exceeded at 33603. Highest concentrations were 

75.7 pg/L at 33G03, hydraulically downgradient from the present surge tank, and 31.6 pg/L at 

33G01, in the swale area. All nine samples yielding detectable chromium were nondetect in the 
filtered aliquots. Only one of the six RCRA-sampled wells, GM-10, adjacent to the former 

ISDBs, yielded detectable chromium. 

f- 

Lead was detected in 10 of 15 CERCLA-sampled wells. Of those, only 13G07, near Magazine 

Point, slightly exceeded the TTAL and FPDWS of 15 pg/L. All the detected concentrations 

exceeded the lead reference concentration of 1.6 pg/L. Concentrations below ?TAL and 
FPDWS were recorded for 33G03, hydraulically downgradient of the surge tank, and for 33602, 
at the former acid spill IWTP and Environs area. All filtered aliquot samples were nondetect. 

None of the six RCRA-sampled shallow wells yielded any detectable lead concentrations. 

Other metals detected at concentrations below their respective standards and reference 

concentrations were mercury, zinc, and copper. These detections are not discussed in this 
section. Arsenic with a reference concentration of 2.8 pg/L was detected in six wells. 

Potassium was detected in four monitoring wells and its reference concentration is 12167.6 
pg/L. Silver was detected in only one well at a concentration of 7 pg/L, exceeding its reference r' 
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concentration of 4.0 pg/L. None of the detected concentrations for arsenic, potassium and silver 

exceeded respective standards. 

Interpretation and Conclusions 
Organic compound contamination in shallow groundwater at Sites 32, 33, 35, and 13 consists 

of chlorinated benzenes with trace pesticides and toluene detections. The chlorinated benzenes 

are present in trace concentrations northwest and west of the surge tank and former surge pond; 

near the former waste oil tank; in the swale area; and at concentrations below the applicable 

drinking water standards in shallow groundwater northeast and east of the former ISDBs and 

domestic sludge drying beds. In general, the pattern of concentration distribution is consistent 

with general groundwater flow from potential source areas of the ISDBs, former waste oil tank 
and former surge pond. The former ISDBs, swale area, and the former waste oil tank are 

identified sources of chlorinated benzene soil contamination. Consequently, the greatest organic 

compound concentrations are present downgradient of these areas. However, the highest 

observed organic compound concentrations, recorded at 33605, are farthest downgradient of the 

former ISDBs and swale area with concentrations decreasing closer to the suspected source. 

This may suggest another source is present closer to 33005. Alternatively, it may reflect a 

migratory effect of episodic loading from periods of high recharge, and would be consistent with 

the intermittent peaks of contaminant concentrations historically detected in previously installed 

f- 

wells. 

High concentrations of iron and manganese area wide seem to be the consequence of turbid pore 
water yielded by many of the wells; filtration greatly reduced these concentrations. Analytical 

results obtained by USEPA using a quiescent sampling technique yielded results similar to the 

filtered samples. Sodium concentrations, generally increasing toward Pensacola Bay and Bayou 

Grande, are likely a function of the influence of saltwater from the bay and bayou. High sodium 

concentrations at 13G19 relative to nearby 13G07 may be the result of the introduction of large 

volumes of saltwater into the shallow groundwater at Magazine Point from dewatering dredge f- 
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spoils disposed of upon the land surface or it may reflect the landward occurrence of the 

brackish water. At least a component of high major metals concentrations may potentially be 

attributable to some type of impact from the IWTP; well GM-67, located in one of the 

historically impacted areas of the IWTP and well 33603, located downgradient from the present 

surge tank, both yielded high concentrations of major metals relative to surrounding wells. 

Relatively high concentrations of heavy metals also are reported for shallow groundwater at the 

former ISDB/swale area and downgradient of the present surge tank. The concentration pattern 

downgradient of the former ISDB/swale area shows the highest concentrations at the suspected 

source area decreasing eastward, consistent with groundwater flow and source determination. 

Well 33605, which yielded high concentrations of dichlorobenzenes, yielded relatively low 

concentrations of heavy metals, indicating a distant upgradient source or dilution. Low to 

nondetect values from filtered aliquots indicate the heavy metals are apparently adsorbed to and 
traveling with the entrained fines in the groundwater. 

r- 

Pesticides were detected in shallow depth groundwater samples at concentrations slightly above 

the contract required quantification limits (CRQLs). The concentrations may be attributable to 

diffuse leaching through surface soil containing residual application concentrations, sediment 

carrydown in drilling, or laboratory attribution of background noise to pesticide peaks. 

Concentrations of all contaminants around and downgradient of the former surge pond and the 

closed stabilization and polishing ponds indicate little or no remnant impact on shallow 

groundwater from these potential sources. The same effect was indicated for the recent northern 

dredge spoils and southern debris piles associated with Site 13. Low to nondetect concentrations 

of all contaminants except sodium (naturally occurring) were also present at Site 13 wells distant 

from the IWTP sources. 
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Comparison With Soil-Gas/Groundwater Screening Results: 
The main findings of the preliminary soil-gas and groundwater screening study (see Section 4, 

Preliminary Investigations) were an area of 1,l-DCE contamination immediately around the 

former ISDBs and nonchlorinated VOC contamination within the swale area. CLP data from 

the shallow monitoring wells did not confirm the presence of these compounds in shallow 

groundwater downgradient from the IWTP and swale area. In the case of l,l-DCE, the closest 

shallow monitoring wells sampled, GM-8 and 33G01, are very near but outside the area of soil- 

gas contamination. This may indicate that 1,l-DCE is concentrated in soil-gas but not in the 

groundwater adjacent to the former ISDBs and that 1,l-DCE may not be partitioning into 

groundwater. The 1,l-DCE in the soil-gas not emanating from the groundwater may have come 

from the in-place soil above the water table or from contaminated soil beneath the former 

ISDBs' RCRA cap. However, it was not detected in soil samples collected during the RCRA 

closure of the ISDBs. Because second-column analysis was not conducted on soil-gas samples 

to confirm the analytes, results are questionable. 

P 

The traces of nonchlorinated VOC contamination detected in soil-gas at the swale area were not 

detected in shallow monitoring well 33G01. In this case, the soil-gas data most probably derive 

from the documented contaminated soil horizon above the water table. As discussed in Section 

7.1.1, Site 32, contaminated soil in the swale area was associated with a clayey material yielding 

a heavy fuel odor in places. The lack of associated contamination in groundwater indicates that 

contaminants are tightly retained by the clayey material. 

Groundwater screening samples taken during the soil-gas survey yielded 1,l-DCE at the former 
ISDBs, and nonpetroleum VOCs at the site of 33G01, which was inconsistent with the CLP 

groundwater data discussed in this section. This discrepancy is most likely due to differences 

in the methods of sample collection and extraction analysis. Groundwater screening samples 

extracted during the soil-gas survey were highly turbid and contained fall-in from soil above the 

water table. It is believed that this fall-in may have compromised the groundwater screening 
f" 

I 
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samples, resulting in an apparent discrepancy between the groundwater screening data and the 

CLP data. In addition, groundwater screening samples were extracted and analyzed in the field 

on a portable GC, whereas the samples submitted for CLP analyses were extracted and analyzed 

under laboratory conditions using GC with MS column confirmation. Therefore, the 

discrepancies in the detected concentrations may be attributed to the differences in the QA/QC 

protocols followed, with CLP data being the most valid and defensible. 

Comparison With Past Groundwater Quality Trends: 

The present shallow groundwater quality data appear consistent with overall past trends. 

Organic compound concentrations have dramatically decreased in the past from the early data 

of 1984; in recent years, most organic contaminant concentrations have dropped below state and 

federal drinking water standards. Heavy metals concentrations in shallow groundwater have 

been consistently minor to nondetect with only a few exceedances of state and federal drinking 

water standards. The present groundwater data indicate these trends continuing. 
r 

Adequacy of the Recovery System: 

As discussed in Section 6, piezometric data indicate that the recovery system appears to have 

little effect on shallow groundwater flow. The recovery wells are screened at intermediate 

depths and appear to withdraw groundwater mostly or exclusively from that depth. Hence 

shallow groundwater does not appear affected by the present groundwater recovery system. 

However, contaminant concentrations in shallow groundwater are for the most part well below 
federal and state drinking water standards. Therefore, the continuing trend of decreasing 

concentrations in shallow groundwater appear to be, in part, attributable to other processes and 
factors, including natural flushing from precipitation and discharge, and termination or 

remediation of contaminant sources in the 1980s. 
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7.4.2 Intermediate Groundwater 
Ten intermediate monitoring wells and one recovery well were sampled during the Phase I 

investigation for full CLP TAWTCL parameters. During the Phase I1 investigation, two wells 

(33G12 and 33G13) were resampled for the valence states of chromium, two previously 

unsampled wells were sampled for the TAL scan and the valence states of chromium, and one 

newly installed well was sampled for full CLP TAWTCL scan. All monitored groundwater 

conditions in and around the IWTP. In addition, RCRA data from four intermediate wells were 

used to supplement interpretation of groundwater contamination distribution. Figure 7-19 shows 

the locations of these wells. 

r- 

Groundwater purged from many wells was slightly to substantially turbid, apparently reflecting 

natural areawide groundwater conditions. Final temperatures, pH, and conductivities measured 
during purging of each well prior to sampling are presented in Table 7-24. The average 

recorded pH was approximately 6.7. GM-66, one of the most historically contaminated wells 

yielded a pH value of 3.40. GM-66 is down and cross-gradient of the former acid spill. A 

value of 7.78 was recorded at 33617, located adjacent to the former ISDBs. As with the 

pH values for the shallow wells, a pH value of 5.90 was recorded for groundwater from beneath 

the northern wetland at 33G15. Conductivities varied widely from 210 pmhos at 33615, to 

28,590 pmhos at GM-66. Conductivities generally decreased inland from Pensacola Bay and 

away from historically contaminated areas of the IWTP (Le., former ISDBs and former surge 

pond), with higher conductivities encountered at wells closest to the bay or at historically 

contaminated areas. Temperatures ranged from 20.1 "C to 25.0°C, with the highest recording 

from 33G16 and 33617, within the historically contaminated IWTP areas. 

Several wells yielded an organic, H,S odor during sampling generally not detected in the shallow 

wells. Odors were exceptionally strong in wells 33608 and 33G16. Unfiltered OVA readings 

during the drilling of 33G15 (borehole readings) reached up to 1,000 ppm at the 14- to 19-foot 
/4 

I 
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Table 7-24 
Stabilization Parameters, Final Readings 

Intermediate Monitoring Wells 

Note: 
= Stabilization parameters were collected during the Phase II investigation. 

interval. Groundwater yields from 33G 16 and 33G 17 were exceptionally low and the wells were 

repeatedly bailed dry during purging. Groundwater from 33616 bore an extremely high 

concentration of black finer material, causing the groundwater to appear black and opaque before 

settling. Well 33G17 yielded a frothy and strongly discolored brown groundwater. 

f" 
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Analytical Results 

Laboratory analytical results indicate the presence of several contaminant groups including 
chlorinated aliphatics, chlorinated benzenes, phenols, and metals. Pesticides were detected at 

low concentrations (in the parts-per-trillion range). Detected compounds and concentrations for 

gll intermediate monitoring wells are listed in a database summary in Appendix Q. The results 

are discussed by group below. Accompanying figures present areal representations of 

contamination distributions. 

VoMles 
Chlorinated Aliphatic Compounds - Chlorinated aliphatic compounds, not detected in shallow 

groundwater, were detected in intermediate groundwater. Detected compounds included 

1 , 1-DCA, 1,2-DCE, TCE, PCE, and vinyl chloride. Of these detected compounds, TCE, PCE, 

and vinyl chloride are regulated for drinking water with FPDWS and MCLs. The concentrations 

of these compounds are summarized in Table 7-25. 
*r 

Figure 7-20 presents the concentration distribution for total chlorinated aliphatics, TCE, PCE, 

and vinyl chloride in intermediate groundwater. Chlorinated aliphatics were detected in four of 

12 CERCLA-sampled wells. Most concentrations were detected in wells around the historical 

groundwater contamination spatially associated with the former ISDBs and swale area. 

Highest concentrations of PCE in the CERCLA-sampled wells were detected in wells 33G12, 

33620, and 33G 15, hydraulically downgradientlcross-gradient from the former ISDBs and swale 

area. The FPDWS for PCE was exceeded in all three wells; for TCE, in wells 33615 and 
33620; and for vinyl chloride, in 33612. Vinyl chloride was not detected in any other well 

of this study. The concentration of PCE in well 33615 was high at 190 ppb; however, recovery 

well RW-3, nearly adjacent to 33615 and similarly screened, yielded comparably very low 

concentrations of total chlorinated aliphatics and was nondetect for TCE and PCE. In 
r- 
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ND ND ND 

ND ND ND 

6 J  7 J  ND 

(ND) (ND) (ND) 

IND) (4.600J (NO) 

(ND) (ND) (ND) 

(ND) (ND) (ND) 

ND ND ND 

FPDWS 3 
5 

Notes: 
Standard exceedances are in bold. 
Well IDS and concentrations in  parentheses indicate RCRA-sampled wells. 
pglL = Micrograms per liter or parts per billion (ppb) 
PCE = Tetrachloroethene 
TCE = Trichloroethylene 
4. - - Well was sampled in Phase II investigation 
ND I Not detected 
FPDWS = Florida Primary Drinking Water Standard 
MCL = Federal Maximum Contaminant Levels 
J - - Reported values are considered an estimate. 

3 1 
5 2 
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comparison to the contamination found at 33612, 33615, and 33620, monitoring wells 33616 

and 33617, located within the areas of historical source contamination, both registered nondetect 

for all regulated chlorinated aliphatics, and yielded low concentrations of total chlorinated 

aliphatics. 

Only one RCRA-sampled well in the historically contaminated area, GM-66, yielded high 

concentrations of total chlorinated aliphatics and TCE (4,600 PglL). One monitoring well 

presently up and cross-gradient from the former ISDB and swale area, 33GO8, yielded total 

chlorinated aliphatics and registered concentrations of TCE and PCE equal to the applicable 

FPDWSs. The concentrations of TCE and PCE did not, however, exceed the applicable MCLs. 

ChZorobentene - Chlorobenzene was detected in nine of 12 CERCLA-sampled wells. As with 

shallow groundwater, chlorobenzene in intermediate groundwater is strongly related to the 

occurrence and distribution of the dichlorobenzenes. Hence chlorobenzene distribution is 
incorporated with the discussion of dichlorobenzenes below, 

f" 

Non-Chlorinated Aromatics - Non-chlorinated aromatic volatiles were detected in eight of 12 

CERCLA-sampled wells. Xylenes were detected in groundwater from 33G12, 33G15, 33G16, 

and 33620 at 10 pg/L or below. Toluene, a common laboratory contaminant, was detected in 
33616 at 10 pg/L, 33612 at 4 &L, and 33620 at 6 pg/L. Benzene was detected in 33616 

at 3 pg/L which exceeds its standard of 1 pg/L. Also detected in the shallow groundwater 
samples at concentrations below their applicable standards were: chloroethane, acetone, 
ethylbenzene, toluene, xylene, 1,l -dichloroethane, 1,2 dichloroethene, carbon disulfide and, 

styrene. 

Semivolah'les 

Dichlorobenzene - Dichlorobenzenes were detected in nine of 12 CERCLA-sampled wells. In 

all cases, both chlorobenzene and dichlorobenzenes were either both detected or are both /" 
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nondetect. The detected compounds include 1,2-dichlorobenzene, 1,3-dichlorobenzene, and 

1,4-dichlorobenzene. Table 7-26 summarizes the analytical data. 

Figure 7-21 presents the concentration distribution of to,@ combined chlodnated benzenes, and 

the regulated compounds chlorobenzene, 1,2- and 1,4-dichlorobenzene in intermediate 

groundwater at and around the IWTP. Highest concentrations were reported for 33620 and 

33G12, down and cross-gradient of the former ISDB/swale area; and for 33G16, located near 
the former ISDBs but downgradient of the former surge pond. Concentrations were detected 

in RW-3, located cross-gradient of the former ISDBs and swale area; however 33615, located 

very near RW-3, yielded results below detection limits. In general, detected concentrations of 

1,4-dichlorobenzene moderately to greatly exceeded the applicable MCL and FPDWS of 75 pglL 

(33G 12,33G 16,33620, RW-3), and detected concentrations of 1,2-dichlorobenzene moderately 

exceeded its FPDWS and MCL of 600 pg/L (33012, 33G16, 33G20). Detected concentrations 

of 1,3-dichlorobenzene exceeded its FGGC of 10 pg/L in four wells (RW3, 33G12, 33616, 

33G20). RCRA-sampled wells at or downgradient of the former ISDBs and swale area also 

yielded moderate to high values. Chlorinated benzene concentrations were also detected in 
groundwater from 33G17, immediately adjacent to and upgradient of the former ISDBs, and 

from 33G08, west of the former ISDBs and north of the surge tank. Compared with 

concentrations in the northern part of the IWTP, wells around and/or downgradient of the Site 

f- 

33 ponds yielded very low to trace to nondetect concentrations of chlorinated benzenes, all below 

the applicable FPDWS and MCLs. 

PAHS - PAHs were detected in samples from monitoring wells downgradient of the former 
ISDBs and swale area, and downgradient of the Site 33 ponds. Table 7-27 presents individual 

PAH concentrations in lwTP intermediate depth wells. Compounds detected include 

acenaphthene (in 33G12), dibenzofuran (in 33G12), naphthalene (in 33612 and 33G16), 2- 

chloronaphthalene (in 33G20) and hexachloroethane (in 33620). Figure 7-22 presents the 
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Tabk 7-26 
Summary of Detected Concentratiorw of Semivolatile Compounds 

Notes: 
Standard exceedances are in bold. 
Well IDS and concentrations in parentheses indicate RCRA-samoled wells. 
ClelL 

Cbnz 
1.2 DCbnz 
1,3 DCbnz 
1,4 DCbnz 
ND 
BD 
FGGC 
FPDWS 
MCL 

J 
Total chlorinated 
Trichlorobenzene, 

.. 

- 

5 Micrograms per liter or parts per billion (ppb) 
= Well was sampled during Phase I I  investigation 
- - Chlorobenzene 

1,2 Dichlorobenzene 
- - 1,3 Dichlorobenzene 
- - 1.4 Dichlorobenzene 

- - 

Not detected 
Present below the detection limit 
Florida Groundwater Guidance Concentrations 
Florida Primary Drinking Water Standard 
Federel Maximum Contaminant Levels 
No standard established 
Reported values are considered an estimate. 

- - 
- - 
- - 
- - 
- - 
- - 
- - 

aromatics include chlorobenzene, 1.2-dichlorobenzene. 1.3-dichlorobenzene, 1 ,4-dichlorobenzene, 1.2.4- 
and Hexachlorobenzene. 
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ND ND 

ND 

Well ID 

~ -~ - 

ND ND 10 ND 

ND ND ND NO 
I I 

ND I ND ND I ND ND I ND 

~ ~~ ~ 

33G10 

2 J  ND 

ND 

II 3 3 G l l  11 ND I ND I ND I ND 

-~ 

ND 12 ND 1 J  

ND ND ND NO 

~ ~ 

ND ND ND ND ND ND 

ND NO ND ND ND 

(GM69) ND ND 

II 33G14 11 ND I ND I NO I NO I NO I NO 

ND ND ND ND 

II 33617 11 ND I ND I ND I ND I 2 5  I ND 

ND I ND I 49 I ND I ND 1 NO (GM66) 

RW3 ND 2 5  ND 2 J  ND ND 
It 

I ND I ND I ND I ND I ND (PCI-1) ND 
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Notes: 
pglL = Micrograms per liter or parts per billion fppb). .. - - Wee was sampled during Phase II investigation. 
ND - - Not detected. 
ED - - Present below the detection limit. 
J - - Reported concentration considered an estimated value. 
Well IDS in parentheses indicate RCRA-sampled wells. 
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. concentration distribution of total PAHs in intermediate groundwater. The highest 

concentrations were detected at 42 pg/L for 33G12, far downgradient of the former ISDBs and 

swale area. 33G 16, downgradient of the former surge pond and near the former ISDBs, yielded 

a concentration of 16 pg/L. Results from other wells indicated trace to nondetect concentrations. 
RCRA-sampled, historically contaminated well GM-66 indicated PAH concentrations similar to 

those for 33G12. 

Phenols - Phenols were detected in four CERCLA-sampled wells. Table 7-27 presents 

individual phenol concentrations in IWTP intermediate depth wells. Detected compounds include 

phenol (in 33G15 and 33G17), trichlorophenol (in 33620), dichlorophenol (in RW-3 and 

33620), 2-chlorophenol (in 33G20), and 4-chloro-3-methyl-phenol (in RW-3). Figure 7-22 

presents the concentration distribution in intermediate groundwater. Wells 33G20 and 33G17, 

around the former ISDBs, yielded total phenol concentrations of 15.0 and 2.0 pg/L, respectively. 

Well 33615, north of the former ISDBs, yielded 10.0 pg/L total phenols. RCRA-sampled well 

GM-66 also yielded detectable concentrations of total phenols. 

I" 

Pesticides 

Pesticides were detected in the parts per trillion range in several wells. 

applicable regulatory standards. The results are summarized in Appendix Q. 

None exceeded 

Heavy Metals 

Metals were analyzed from each samples' filtered and unfiltered aliquots. Concentration 

distribution maps are presented for unfiltered results. Analytical data for both the filtered and 

unfiltered aliquots are provided in a database summary in Appendix Q, and discussed below. 

Iron and manganese concentrations were detected in many unfiltered samples from intermediate 

monitoring wells. Table 7-28 presents the analytical results and Figure 7-23 presents the 
/A 
I 
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Summary of Concmtrationr Matab, Unfiltorod Roaulta 

Notes: 
Well IDS and concentrations in parentheses indicate RCRA-sampled wells. 
Standard exceadances are in bold. 
Reference concentration exceedancss are underlined. 
GM-66 and GM-69 were sampled during the RCRA investigation and during the Phase II sampling event. 
PglL = Micrograms per liter or parts per billion (ppb) 
NO t Not detected 

FPDWS = Florida Primary Drinking Water Standard 
FSDWS = Florida Secondary Drinking Water Standard 
MCL = Federal Maximum Contaminant Level 
SMCL = Federal Secondary Maximum Contaminant Level 

- - Well was sampled during Phase I I  investigation 0 .  
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concentration distribution of iron and manganese in intermediate groundwater. Iron exceeded 

FSDWS and secondary MCLs of 300 pg/L in all 12 CERCLA-sampled wells, manganese 

exceeded FSDWS and secondary MCLs of 50 pg/L in 10 of 12 CERCLA-sampled wells, and 

sodium exceeded FSDWS of 160,000 pg/L in eight of the 12 wells. Most filtered samples from 

inland wells yielded a dramatic reduction in iron concentrations relative to corresponding 

unfiltered aliquots, with a slight reduction in manganese, and no change or an increase in sodium 

concentrations. Filtered samples from wells near the bay generally yielded minimal reduction 

to no reduction in concentrations. Concentrations of the three metals generally increase toward 

Pensacola Bay and Bayou Grande. RCRA-sampled, historically contaminated well GM-66, 

yielded relatively high iron and sodium concentrations. Beryllium was detected in well GM-66 

at 78.6 pg/L, exceeding the applicable FPDWS of 4 pg/L. Beryllium was not detected during 

any other sampling event nor was it detected in any other well sampled in this investigation. 

At least one of the three heavy metals (cadmium, chromium, and lead) was detected in six of 
12 CERCLA-sampled wells. The detected concentrations are summarized in Table 7-28 and 

Figure 7-23 presents the concentration distribution of cadmium, chromium, and lead in the 

intermediate wells. In the RCRA-sampled wells, cadmium was detected in GM-66 at 44 pglL, 

exceeding the FPDWS and MCL of 5 pg/L. Chromium was detected in five wells, all below 

the FPDWS and MCL of 100 pg/L. In the RCRA-sampled wells, the FPDWS and MCL for 
chromium was exceeded in GM-66 at 410 pg/L. This well was resampled in Phase I1 CERCLA 

sampling and chromium was detected at 316 pg/L. Lead was detected in three CERCLA- 

sampled wells, all with values below the FPDWS and l T A L  of 15 pg/L. Samples collected for 

the valence states of chromium were nondetect for the hexavalent state. 

Interpretation and Conclusions 

Intermediate groundwater has been impacted by organic contaminants. Concentrations of 

chlorinated aliphatics and chlorinated benzenes were detected above FPDWS around and 

downgradient of the former ISDBs, the swale area, and the former waste oil UST. A 
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concentration decrease of chlorinated aliphatics is present from near downgradient of the former 

ISDBs and swale area to far downgradient; however, chlorinated benzenes concentrations do 

not appear to appreciably decrease with downgradient distance. The former ISDBs, swale area, 
and the former waste oil storage tank have been identified as sources for chlorinated benzenes. 

Intermediate well GM-66 has been historically contaminated throughout the monitoring programs 

at the IWTP, but has characteristically yielded low to nondetect concentrations of chlorinated 

benzenes compared to the generally high concentrations in GM-69. Since GM-66 is 

downgradient of the former waste oil storage tank, the relatively low chlorinated benzene 

concentrations in this well indicate that the contaminated soil area of the former waste oil storage 

tank may not be a major source of the downgradient chlorinated benzene plume detected in 

33G12. This plume is delineated by wells GM-69,33612 and 33620 and the static groundwater 

flow direction suggests the former ISDBs and swale area as likely groundwater contamination 

sources. The concentrations of chlorinated benzenes, however, increase downgradient, 

suggestive either of periodic episodes of loading/flushing through the groundwater system or of 

a possible, additional contributing source nearer to 33G20 and 33G12. This downgradient 

concentration increase is also manifested in shallow groundwater at 33605. 

@ 

Chlorinated aliphatic and chlorinated benzene contamination downgradient of the present surge 

tank suggest the surge tank as a potential source. Trace concentrations of chlorinated benzenes 

were also detected in shallow groundwater downgradient of the surge tank. The static 

groundwater flow directions determined in this study do not indicate this area to be downgradient 

of the former ISDBs and swale area, but previous studies have shown otherwise ( W E  1992b, 

G&M 1985b). 

Trace to nondetect concentrations of organic contaminants around and downgradient of the 

former surge pond and the closed stabilization and polishing ponds indicate little to no remnant 

impact on intermediate groundwater from these potential sources. Monitoring well 33616, 

though downgradient of the former surge pond, is near the suspected contamination sources of 
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the former waste oil storage tank and exhibits contamination characteristics similar to 

contamination associated with the soil of that source. 

The chlorinated aliphatics detected in monitoring well 33G15 are markedly different from other 

wells. Well 33615 yielded 190 pglL PCE, a compound appearing only in trace amounts 
elsewhere. Such high PCE values have been recorded only once at this Site in the past eight 

years, according to available data (GM-8, 138 pg/L, 1989). Results from the present study 

showed 1,l-DCA and 1,2-DCE as the dominant chlorinated aliphatic contaminants in the other 

wells. This study’s static groundwater contours indicate the area around 33G15 is across and 

downgradient of the former ISDBs and swale area. The pumping gradient and some previous 

studies have shown it to be directly downgradient (E&E 1992b, G&M 1985b). 

Heavy metals concentrations are low throughout most of the intermediate groundwater except 

at GM-66. Groundwater from this well also yielded a high beryllium concentration, whereas 

beryllium was consistently undetected elsewhere. Areawide comparison between analytical 

results of filtered and unfiltered sample fractions suggests heavy metals are associated with 

entrained fines of the unfiltered fractions. The differences in concentrations of iron, manganese, 

and sodium between filtered and unfiltered samples decrease bayward, indicating a potential 

relationship with more saline water. 

Comparison between shallow and intermediate groundwater at and around the lWTP indicate 

intermediate groundwater is more contaminated with chlorinated organic compounds than the 

shallow groundwater. The detected concentrations of the chlorinated organic compounds are 

lower than their respective solubility values. Therefore, it is not likely that dense nonaqueous 

phase liquids are pooling on the clay surface underlying the intermediate zone. Intermediate 

groundwater around GM-66 also had detected concentrations of metals greater than shallow 

groundwater, although in general detectable concentrations of heavy metals are more pervasive 

in shallow groundwater than intermediate groundwater. Hydraulic connection between shallow 0 
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' and intermediate groundwater appears continuous based on the geologic and hydrogeologic 

results presented in Section 6 of this report. Vertical hydraulic gradients indicate strong 

potential for downward migration from shallow to intermediate depth. Consequently, 

introduction of contaminants from surface sources may have moved quickly downward, as 
evidenced by higher contaminant concentrations in intermediate groundwater directly beneath 

source areas. After major contaminant sources were eliminated (Le., the closing of the former 

surge pond and ISDBs, and removal of the waste oil tank) natural recharge mechanisms and 

downward migration, coupled with the active recovery system, have apparently flushed and 
diluted the shallow groundwater (relative to the intermediate depth). Permeabilities in the 

Surfkial Aquifer at the intermediate depth are low close to the ISDBs and probably account 

partially for contamination retention at that level. The reason for the low permeabilities in this 

area is not clearly understood. However, they may be related to the contamination at this depth 

or to natural causes (see Section 6.3, Groundwater Hydrology Results). The heavy odor of H,S 

in wells from this area indicates extremely reducing conditions, and the recovery wells in this 

area historically have had problems remaining efficient (see Section 2, Site Description and 

History). The high concentrations of iron in the groundwater, along with naturally high SO, (as 
documented in the E&E Work Plan 1992a), and potential SO, contribution from the acid spill 

may provide ideal conditions for sulfate-reducing bacteria. Additionally, the lime used to abate 

the acid spill may have re-precipitated in the aquifer matrix at horizons of higher pH. RW-5 
historically has experienced problems with clogging from a white limy substance (E&E 1992d). 

Both of these possibilities could contribute to, if not wholly cause, the observed low 

permeabili ties. 

Comparison With Past Groundwater Quality Trends: 

The present intermediate groundwater quality data appear consistent with overall past trends and 
plume configurations. Organic compound concentrations have historically decreased from the 
early data of 1985; however, the decrease has not been as marked as in shallow groundwater, 

and contaminant concentrations above federal and state drinking water standards remain in select e 
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areas. The present study verifies the persistence of previously documented organic 

contamination in intermediate groundwater east of the former ISDBs, and the installation of 
additional downgradient wells further delineates the eastward extent of this plume. Present data 
indicate two components of this plume consistent with past data: one extensive component 

dominated by chlorinated benzenes, and one component localized at GM-66, dominated by 

nonchlorinated aliphatics and heavy metals. 

This study’s extended well network has resulted in identifying new plumes not detected in the 

past due to the limited sampling points. These include chlorinated benzene-dominated plumes 

west of the former ISDBs and north of the surge tank, near the former underground waste oil 

storage tank, and a PCE detection north of the former ISDBs. The two former plumes are 

consistent with past-detected contamination and groundwater flow patterns, but the latter PCE 

detection is not similar to any previously reported Contamination. e 
Adequacy of the Recovery System: 

Nonstatic piezometric data from April 1993 indicate the current recovery system does not create 
a capture zone sufficient to remediate the major contamination plume east of the former ISDBs 
and swale area. The piezometric contours indicate contaminated groundwater at GM-66,33612, 
and 33620 flows east away from the recovery system toward Pensacola Bay. Present and 

historic groundwater quality data indicate the persistence of contamination in this area with 

contaminant concentrations exceeding state and federal drinking water standards. The slow trend 

in decreasing contaminant concentrations is probably a function of source elimination in the late 

1980s, slower groundwater flow at the intermediate depths, and contaminant reduction through 

natural attenuation. 

Those plumes located along the axis of the recovery system, on the other hand, appear to have 

been captured. Based on pumping piezometric data, historic contamination at GM-64 and 

present contamination at 33615 appear to have fallen within the capture zone of nearby recovery 
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wells. Contamination at GM-64 has been remediated to trace or nondetect concentrations. 

However, contamination at 33G15 remains after six years of recovery operations. 

7.4.3 Deep Groundwater 

One deep monitoring well, 33618, installed below the low permeability zone, was sampled for 

this study. The well was installed east of the IWTP in a cluster with shallow well 33G04 and 

intermediate well 33613. Final stabilization parameters were reported as 6.65 pH, 1,161 pmhos 

conductivity, and 23.4"C temperature. Compared with clustered intermediate well 33013, deep 

groundwater conductivity is much lower and pH somewhat lower, than intermediate 

groundwater. 

Analytical Results 
The detected compounds and concentrations found in groundwater from deep well 33618 are 
provided in a database summary in Appendix Q. Laboratory analytical results indicate iron and 

manganese concentrations similar to general conditions in the intermediate groundwater above 

the low permeability zone. The sodium concentration is higher than in the intermediate 

groundwater at 187,OOO pg/L, and probably reflects salt water influence. Of the heavy metals, 

chromium and lead were detected at 27 pg/L and 4.6 pg/L, respectively. Both compounds were 

nondetect in the filtered aliquot. 

0 

Organic contaminants were not detected. None of the suspected sources at the IWTP has ever 

been in direct contact with deep groundwater, and 33618 is downgradient of the closed 

stabilization and polishing ponds, and laterally downgradient of the former surge pond, former 

ISDBs, and the swale area. 
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Interpretation and Conclusions 

The deep groundwater has not been impacted by site activities. ?'he detected metals 

concentrations are similar to reference concentrations for the intermediate depth monitoring 

wells. 

7.4.4 Phase III USEPA Groundwater Sampling 

Groundwater samples for Phase 111 were collected by the USEPA from monitoring wells 32607, 
32615, 32G03, 32GGM66, and 32602. The monitoring wells were purged with a peristaltic 

pump, then sampled using a peristaltic pump and vacuum jug. The objective of the monitoring 

well sampling was to determine if using the quiescent method would reduce the impact of 

turbidity. Detected concentrations are summarized in Tables 7-29, 7-30, and 7-31. 

USEPA and E/A&H original inorganic data are compared in Table 7-32, which also provides 

the analytical results for the filtered groundwater samples. The volatile, semivolatile, and 

pesticide/PCB data were not compared because turbidity is not thought to have a large influence 

on these analytical results. As shown in Table 7-32, the USEPA data and the filtered 

groundwater data generally agree. Even though different sampling techniques were used, the 

USEPA results are within an order of magnitude of filtered sample analytical results. The 

unfiltered data and the USEPA data also agree for many analyzed parameters. 

7.5 Physical Analytical Results 

Physical analyses were conducted on selected samples from all media for use in the risk 

assessment and feasibility study. The results are included in Appendix F and some are 
summarized in the following paragraphs. 

7-134 



Corrected Final Remedial Invesrigarior 
NAS Pensacola Operable Unit 10 and 

Section 7 - Nature and Extent of Contamination 
September 1995 

Notes: 
Sample identification numbers beginning with 32 are the USEPA identifkation number. Sample identification number In parenthesem are the corresponding E I A I H  sample identification 
number. 
Standard exceedances are bold. Reference concentration exceedances are undefhod. 
MCL = Maximum Contaminant Level ' 

PPb = Parts per billion or mkrogrrms per liter 
NS - No standard established 

J I Estimated value 
ND - - 
(1) e Intermediato depth well 
(SI = Shallow depth well 

NA I Not analyzed 

Not detected at or above the Instrument detection lid 
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Table 7-30 
Summary of Detected Semlvolatile Parametem + Phase 111 

I I I I 32G03IS) 32GM66(1) 32002(5) Parameter MCL 3260718) 320 15(1) 
I 

2-Methylnaphthelene NS ND NO ND 5 J  NO 

Naphthalene 6.8 ND NO ND 53 NO 

Acenaphthene 20 ND NO ND 2.3 J ND 

Dibenzofuran NS ND NO ND 1.4 J NO 

Fluorene 280 ND ND ND 1.7 J ND 

2-methylphenol 350 ND ND ND 5.6 J NO 

(3- andlor 4-1 methylphanol 35 NO ND ND 1.2 J NO 

2.4-Dimethylphenol 400 NO ND ND 75 ND 

Carbazole 7.5 ND ND ND 1.4 J ND 

Dimethylphenol (not 2,4) (2 Isomers) NS ND ND ND 70  JN ND 

Ethyldimethylbenzene NS ND ND ND 10 JN ND 

Trimethylphenol NS ND ND ND 10 JN ND 

(Dimethylethyllphenol NS ND ND ND 20 JN ND 

1 Unidentified Compound NS ND ND ND 10 J ND 

Notes: 
Sample identification numbers beginning with 32 are the USEPA identification number. Sample identification number in parentheses are the corresponding ElALH sample 
identification number. 
MCL = Maximum contaminant level 
ppb = Parts per billion or micrograms per liter 
NS - - No standard established 
ND - - Not detected 
J - - Estimated value 
JN - - 
Standard exceedances are bold. 
I - - lntennediata depth well 
S - - Shall depth well 

Estimated value; presumptive evidence of presence of material 
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Table 7-31 
Summarv of Detected Volatile Parameterr - Phase 111 

Parameter I MCL 3200715) 326 1511) 32GO3(S) 32GM66(11 32002(S) 

Vinyl Chloride 1 ND ND ND 130 J NA 

1 , l  -Dichloroethens 7 ND ND ND 210 J NA 

1 I 1-Dichloroethane 700 ND 1.4 J ND 54 NA 

Cis- 1.2-dichloroethene 70 ND ND ND 780 NA 

Trans- 1 .2-dichloroethene 100 ND NO ND 4.9 J NA 

1.2-Dichloroethane 3 ND ND ND 1.2 J NA 

Methyl isobutyl ketone 350 ND ND ND 3.0 J NA 

Trichloroethene 3 ND ND ND 4,800 NA 

Benzene 1 ND ND ND 2.0 J N A  

Tetrachloroethene I 3 
ND ND ND 2.6 J N A  

Toluene 1 ,ow ND ND ND 9.8 NA 

Chlorobenzene NS NO 7 .O NO 120 J N A  

(M- andlor P-)Xylene 10,Ooo NO ND ND 4.9 J NA 

0-Xylene 10,OOo ND ND ND 4.3 J N A  

0-Chlorotoluene 140 ND ND NO 2.4 J N A  

1,3-Dichlarobenzene 10 NO 0.55 J ND 27 NA 

1,4-Dichlorobenzene 75 ND 1.2 J ND 54 N A  
I I I I I 

I 600 NO 1.5 J ND 74 N A  1 ,2-Dichlorobenzene 

7- 137 



Corrected Final Remedial Investigation Report 
NAS Pensacola Operable Unit 10 and Sire 13 

Section 7 - Nature and Extent of Contamination 
September 1995 

ararncters - Phase 111 

Notes: 
Sample identification numbers beginning with 32 are the USEPA identification number. Sample identification number in psrenthesss are the corresponding ElALH sample 
identification number. 
PPb = Perts per billion or micrograms per kilogrem 
MCL = Maximum contaminant level 
NS - - No standard established 
ND - - Not detected 
NA - - Not analyzed 
J - - Estimated value 
N c. Presumptive evidence of presence of material 
I t lntermadiate depth well 
S - - Shellow depth well 
Standard exceedances are bold. 
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ganic Parameters 

Beryllium 

Chromium 

Barium I 2.000 I 13.2 I 10 u 25.2 J 5.9 J I 10 u - 51.5 J 7.8 J 10 u 1.04 U 11 
I I I I 

4 1.1 5.0 U 3.0 U 1.0 u 5.0 U 3.0 U 1.0 u 5.0 U 3.0 U 1.0 u 

100 35 10 u 28.7 6.0 U 10 u - 35.6 6.2 J 10 u - 75.7 13.5 

I Yttrium NS 

I 5.0 U ~ 10.8 2.0 u - 5.3 - 14.3 2.0 u 11 Lead 15 I 1.6 I - 45 - 18.2 2.0 u I 
I I I I 

NA .10 u NA NA 10 u NA NA 10 u NA $ 

I 
I I I I NA II Strontium NS NA 26 NA NA 70 NA NA 17 NA 

Zinc 

Aluminum 

Manganese 

Calcium 

Magnesium 

Iron 

Sodium 

Potassium 

5,000 153.20 10 u 73.2 - 21.0 10 u 152.0 7.8 J 13 97.5 7.8 J 

200 3882.6 430 7.740 208.0 100 u 18300 351.0 610 33,600 1,170.0 

50 22 .o 10 u - 29.2 7.4 J 10 u - 85.6 - 26.0 10 - 108.0 - 48.2 

NS 17.560.0 7.200 11,100 lo.Ooo.o s.So0 11.500.0 12.900.0 3.300 13.500.0 1 1 .ooo.o 

NS 2872.6 - 460 981 .O J 505.0 J s.So0 11.Ooo.o 8.790.0 1.200 8,740.0 4.440.0 J 

300 1707.8 350 7.470 109.0 370 21.500.0 265.0 840 26,000.0 2,230.0 

160.000 18.345.0 3.ooo 2.290.0 J 2.240.0 J 59.000 12.900.0 14.700.0 5.300 15.000.0 17.100.0 

NS 12,167.6 2,000 U 3,950 U 1,440.0 U 6.800 8,750.0 14.100.0 2,000 U 3,950.0 U 1440 U 
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26.2 J - Barium 

Chromium 100 35 - 370 316.0 10 u - 10.7 6.0 U 

Lead 15 1.6 5.0 U 5.0 U - 11.4 2.0 u 100.0 u 

Strontium NS NA 2,200 NA 190 NA NA 

Vanadium 49 9.6 - 550 521.0 10 u - 15.0 4.0 U 

Yttrium NS NA 1,300 NA 10 U NA NA 

Zinc 5,000 153.20 - 530 - 388.0 10 u 40.0 7.6 J 

265.0 Aluminum 200 3882.6 1,000,000 887,000 J 290 2.170.0 

Manganese 50 220 2.ooo 1,560.00 69 89.9 88.3 

Calcium NS 17,560.0 240,000 210.000.0 54.000 30.700 31.900.0 

Magnesium NS 2872.6 260,000 237.000.0 1,700 1,930.0 J 1,950.0 J 

3.540.0 Iron 300 1707.8 420,000 399.000.0 1.600 

Sodium 160,000 18.345.0 670.000 593,000.0 8,600 2,780 J 3,100.0 J 

1.440.0 U Potassium NS 12,167.6 1 1o.Ooo 97.300.0 2.000 u 3,950.0 U 

5.730.0 

Notea: 
Sample identification numbers beginning with 32 are the USEPA identification number. Sample identification number in parentheses are the corresponding EIABH sample identification number. 
MCL - Maximum Contaminant Level 
ppb - Parts per billion or micrograms per liter 

NA - Not analyzed 
J - Estimated value 
I = Intermediate depth well 
S 3 Shallow depth well 
IOU 3 

Standard exceedances are bold. Reference concentration exceedances are underlined, 

. NS - No standard established 

Indicates a nondetected parameter at the listed reporting limit for CLP. Also known as the contract required quantitation limit. 
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Grain-size analyses of near-surface soil samples indicate fairly uniform conditions throughout 

the IWTP, with generally greater than 90 percent of soil particles by weight within the medium- 

to fine-sand range. Total organic carbon in soil ranges from about 150 to 580 mg/kg dry 

weight. Cation exchange capacity of soil ranges widely from 0.24 to 5.2 meq/100g. 

Permeabilities of the near-surface sands range from 3.40 x lo2 cm/sec to 8.28 x 104 cdsec. 

Permeabilities measured on clays of the low permeability zone collected from deep 

boring 33S31/33G18 were very low: 7.29 x cm/sec for sample 33S31048, (collected from 

the 46- to 48-foot depth interval), and 6.22 x lo'? cm/sec for sample 33331050 collected from 

the 48- to 50-foot depth interval). 

Assuming near-surface soil samples are representative of the sands above the clay layer, 

permeabilities between the surficial zone and low permeability zone of the surficial aquifer differ 

by three to seven orders of magnitude. Within the clay, permeability varies at least two orders 

of magnitude. The higher permeabilities in the clay probably correspond to the horizons with 

small sand and silt lenses and wedges. 
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8.0 DATA VALIDATION 

Validation has been performed [on] all [field and] analytical data collected from the [remedial] 

investigation [of OU 10 including Site 13, at NAS Pensacola in Pensacola, Florida. The 

initial] analytical work was performed [primarily] by CompuChem Laboratories Inc., Research 

Triangle Park [in] North Carolina. [Analysis of the split samples was conducted by Pace 

Inc., 1 Lafayette Road, Hampton, New Hampshire. All sample analyses were performed] 

in accordance with the following guidance documents. 

Guidance Documents: 

e USEPA Contract Laboratory Program, Statement of Work (SOW) for Organic Analyses 

[(OLMOl.l-8, 3/90)]. 

0 USEPA Contract Laboratory Program, Statement of Work for Inorganic Analyses 0 
[(ILM03.0, 3/90)]. 

e NEESA Level D QA/QC guidelines as stated in Sampling and Chemical Analysis Quality 

Assurance Requirements for the Navy Installation and Restoration Program (20.2-047B). 

8.1 Data Quality 

The overall quality of [the data was] satisfactory and usable with the appropriate data qualifiers. 

Samples were collected under 48 sample delivery groups (SDGs). Organic samples [were 

analyzed] under case numbers 26454 and 26652, [with] one to [13] SDGs [composed of 20 

samples batched under] each [case]. AU inorganic SDGs were analyzed under case number 

50043 [using a random SDG numbering system. Due to the laboratory's day to day 

operation, the organic and inorganic SDG numbers may differ for the same samples. 
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Eleven samples did not receive the full TCL/TAL list of CLP analysis. The following 

samples were not analyzed for semivolatiles and pesticides/PCBs: WS03002, 13803004, 

13S02002, and 13S02004. Also, pesticide and PCB analyses were not performed on samples 

33625004, 33S24002, 33S24004, 33Sl2002, and 33525002.1 

8.2 Organic Analysis 

Each SDG was received by the laboratory in good condition with the proper custody documents 

and seals intact. The contractual holding times from the Verified Time of Sample Receipt 

(VTSR) until the time of sample extraction and/or analysis were found to be in compliance with 

contract requirements, [except for semivolatile analysis of sample 33620DO1 and 

pesticide/PCB analysis of sample 33S51002. AU positive semivolatile and pesticide/PCB 

sample results for this sample were qualified as unusable due to re-analysis outside of 

holding times and poor surrogate recovery.] 

8.2.1 Blanks 

Blanks assist in determining the presence and magnitude of any contamination resulting from the 

laboratory or field. The associated sample data were evaluated to determine [if there were] any 

inherent variability in the data, or [if the variability encountered in the data were] an isolated 

occurrence [that] does not affect the data. The blank data provided for OU 10 [and Site 13 and 

SDG CT521 for split sample analysis] indicated various concentrations of acetone, 2-butanone, 

chloroform, 2-hexanone, [toluene,] and methylene chloride for volatiles and several phthalate 

esters for semivolatiles. These compounds are considered common laboratory artifacts [and] 

were evaluated and qualified based on the action levels found in each SDG. The analytical 

results for the quality assurance/quality control samples are presented in Appendix T. 
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Action levels wefe based on the highest positive sample concentmtion of any ,[compound 

and/or] laboratory artifact found in [any method] blank [and/or QC blank sample, such as 

field blanks, trip blanks, potable water blanks, equipment h t e  blanks or deionized 

system blanks. In other words,] no positive sample result for [any compound considered a] 

common laboratory artifact is reported unless the concentration of that particular artifact exceeds 

the action level of [lox] the mount found in [any method] blank [or QC blank sample.] For 

compounds not considered common laboratory artifacts, the action level is [5x] the amount found 

in any [method] blank [or QC blank sample.] 

[Two types of blanks were created in the laboratory during preparation and sample 

analysis. Each sample designation will be followed by a number corresponding to that 

blank. For example, the third volatile method blank would be designated "VBLK03." 

Method Blank e 
VBLK - Volatile Method Blank 

SBLK - Semivolatile Method Blank 

PBLK - Pesticide/PCB Method Blank 

These blanks are used by the laboratory to determine the concentrations of contamination 

associated with the processing and analysis of samples. Method blanks are identified by 

the laboratory using the first letter of the analysis fraction performed followed by the 

abbreviation BLK for "Blank." 

Instrument Blank 

PIBLK - Pesticide/PCB Instrument Blank] 
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An instrument blank is used by the laboratory to determine if any contamination is present 

before, during or after pesticidePCB sample analysis that can be attributed to the gas 

chromatography instrumentation. J 

[As mentioned earlier, the method blanks for volatile and semivolatile analyses contained 

concentrations of several compounds, all of which were considered to be common 

laboratory artifacts. However, during pesticidePCB analysis, the laboratory reported 

concentrations of various target pesticides in method blanks and equipment rinsate blanks 

in several organic SDGs. Because pesticide and PCB compounds are not considered to be 

common laboratory artifacts, the following list shows contaminant concentrations of each 

target analyte reported in each method blank and the associated QC blank sample in each 

corresponding SDG: 

@ Blank and QA/QC Sample Data for Sample Delivery Groups (in pgkg) 

SDG 5 Method Blanks PBLKO8 and 22 

Heptachlor 0.073 and 0.090, respectively 

a-BHC 0.071 

g-BHC 0.010 

SDG 6 Method Blank PBLK13 

Aldrin 0.0018 

SDG 22 Method Blank PBLK14 

Heptachlor 0.0070 

a-chlordane 0.0020 

g-chlordane 0.0016 
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SDG 24 Method Blank PBLK52 

Heptachlor 0.0021 

Endrin Ketone 0.024 

a-Chlordane 0.0032 

SDG 61 Method Blanks PBLK27,39, and 40 

Heptachlor 0.18 and 0.069, respectively 

4,4’-DDT 

Endrin Ketone 0.091 

0.W and 0.26 (Blanks 27 and 40) 

SDG 218 Method Blank PBLKOS and Equipment Rinsate Blank WS60E02 

Dieldrin 0.0017 and 0.0023, respectively 

SDG 219 Method Blanks PBLK18 and PBLK85 

a-BHC 0.035 

g-Chlordane 0.20 

SDG 379 Method Blanks PBLKO8, 10, 32 

Endosulfan I 0.063 

Endosulfan II 0.15 

Methoxychlor 7.3 

Heptachlor 0.15 

4,4’-DDE 0.051 

g-chlordane 0.072 
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SDG 549 Method Blanks PBLK17, 39, 60 and QC Samples l3MOlEO1, l3S04EO1 and 

13S60EO4 

4,4’-DDD 

Heptachlor 

Aldrin 0.0034 

Methoxychlor 0.045 

Endrin Aldehyde 0.0098 

g-C hlordane 

Heptachlor 

a-BHC 0.0014 

4,4’-DDE 0.0013 

0.0031 and 0.031 (PBLK17 and WS60EO4) 

0.0036 and 0.0068 (PBLK39 and PBLK60) 

0.0023 and 0.0025 (WS04E01 and WS60EO4) 

0.0022 and 0.0018 (WS60E02 and UMOlE01) 

SDG 559 Method Blanks PBLK29 and PBLK30 

Heptachlor 0.090 

d-BHC 0.070 and 0.041 

SDG 578 Method Blanks PBLK27 and PBLK61 

Heptachlor 0.069 and 0.15 

d-BHC 0.035 

SDG 803 Method Blanks PBLK56 and PBLK60 

4,4’-DDT 0.0025 

Heptachlor 0.0080 

Aldrin 0.0023 

Methoxychlor 0.040 

Endrin Aldehyde 0.010 
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SDG 900 Method Blanks PBLK59 and PBLK78 

Heptachlor 0.0018 and 0.0022 

Because pesticide or PCB target analytes are considered to be common laboratory artifacts, 

E/A&H believes that the associated QNQC blank sample contamination was introduced by 

the laboratory at the time of sample preparation, dilution and/or sample analysis. 

Therefore, as indicated earlier, action levels were calculated for pesticides and PCBs based 

on the highest analyte concentrations recorded within each SDG. All associated positive 

pesticidePCB sample results were qualified according to the action levels and associated 

CLP guidelines. There were no pesticidePCB blank contamination reported in SDG CT521 
for split sample analyses.] 

8.2.2 Calibration 

Requirements for instrument calibration were established to ensure [that] the data provided are 0 
acceptable qualitatively and quantitatively. The initial calibration measures the instrument’s 

stability, [indicatingJ its sensitivity and capabilities prior to the analytical run. Continuing 

calibration indicates the instrument’s performance throughout and at the end of each subsequent 

analytical run. Historical perfonnance data indicate poor response and/or erratic behavior by 

compounds known as common laboratory artifacts. [Because] no contractual criteria exist, all 

compounds, including the common laboratory artifacts, were considered for qualification when 

the following criteria were met. 

0 InitiaYcontinuing calibration standard relative response factors (RRFs) for all target 

0 

compounds and surrogates [were less] than 0.05. 
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0 Percent relative standard deviation (% RSD) [is greater than] f 30 percent in the initial 

calibration. 

0 Percent difference (%D) [is greater than] f 25 percent in the continuing calibration. 

[Compounds such as acetone, methylene chloride, chloroform, toluene, and 2-butanone 

during volatile analysis and phthalate ester compounds during semivolatile analysis 

exhibited inconsistent and erratic behavior, resulting in failed %6RSD and %D in the 

calibration runs. However, these common laboratory artifacts are known to exhibit poor 

responses that result in failure of the calibration criteria. In most instances, the laboratory 

artifact RRF's reported in the Site 13 analytical data packages were within CLP QC 

criteria. Therefore, E/A&H believes the erratic behavior exhibited by these compounds was 

had no apparent effect on the instrument's calibration but does give an indication of the 

laboratory conditions during sample analysis.] 
0 

Pesticides, endrin, alpha-BHC, [and] gamma-BHC (Lindane) did not meet the %D criteria of 

< 15 percent on the quantitation column and <20 percent on the confirmation column for 

SDG 6 for continuing calibration. Also, beta-BHC, endosulfan, 4,4'-DDD, and endosulfan 

sulfate did not meet %D requirements for continuing calibrations in SDG 379. [These] data 

were qualified with the appropriate "J" flag. 

0 

8.2.3 Precision 

In each analytical method used to analyze environmental samples, [potential] variations [exist] 

in the reported results due to the random differences in the handling and analysis of [that] 

matrix. These variations are referred to as the precision or the reproducibility of results. To 
demonstrate reproducibility, the CLP SOW specifies the addition of known quantities of several 
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compounds to two separate aliquots of each sample matrix type. The "spiked" ,aliquots are 

referred to as the [matrix spike (MS) and matrix spike duplicate (MSD).] These samples 

[can] then be] analyzed [by applyingl the same preparation [techniques] and analytical methods 

used for all the samples of similar matrix types. [This enables the MS and MSD] to [be used 

to] detect matrix effects [caused by contamination during analysis that could also interfere 

and/or cover up target compounds within the sample.] 

Semivolatile MS/MSD recoveries for SDG 1 and 184 were outside of QC limits for 

pentachlorophenol, 4-chloro-3-methylpheno1, and 4-nitrophenol. Also, 4-nitrophenol was outside 

of QC limits for SDGs 6, 22, 70, 184, 379, and SDG 20. m e  to insufficient sample volume 

for the semivolatile and pesticidePCB analyses in SDG 17, an MS/MSD analysis was not 

performed. As a result of the insufficient sample volumes, a blank spike (BS) and a 

duplicate blank spike (BSD) analysis were performed in place of the MSWD.  However, 

the blank spike and duplicate blank spike yield information free of matrix interferences 

unlike the spike sample analysis usually associated with the MS and MSD. E/A&H believes 

that the MS/MSD results indicate the effect of sample matrix on the assoCiated sample data, 

including the MS/MSD samples themselves. This can be determined by consistent high 

percent recoveries when deionized water is analyzed in BS/B!3Ds and inconsistent percent 

recoveries and %RPDs when soil samples are analyzed as MSWDs. As a general rule, 

no action is taken on MS/MSD and/or BS/BSD data alone. However, the M S M D  and 

BS/BSD results are evaluated with other QC criteria such as surrogate recoveries and 

internal standard area QC requirements to determine if some of the associated positive 

sample results need to be qualified as estimated or unusable. The BS and BSD sample 

results were determined to be satisfactory and within CLP QC criteria.] 

* 
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8.2.4 Accuracy 

Accuracy is the degree a given result agrees with the true value. The CLP SOW requires the 

addition of known amounts of surrogate compounds to check the accuracy in a volatile, 

semivolatile, [or] pesticide/PCB analysis. [Surrogate compounds used as additives or 

reference compounds] are not likely to be found in the actual samples. Accuracy is defmed as 

being close to the known concentrations. The percent recovered for the [sample] surrogate 

compounds [are] accurate [ifJ the sample surrogates ate close to the known concentrations as 

defined within the limits set by CLP [when analyzed.] The reported target compound 

concentrations are [therefore] assumed to be accurate. 

[Also] the accuracy of the [overall measurement] system [gives an indication ofJ any bias [that 

may exist] in the environmental laboratory or field sampling and analysis plan. Possible sources 

of error may be the sampling process, field and/or laboratory con tamination, preservation, [and] 

handling, or the sample matrix itself. [Other samples used to determine field inaccuracies 

include] trip blanks, [preparation and analysis ofJ field blanks, [potable water blanks] and 

equipment rinsate blanks. 

@ 

Surrogate 2,4,6-t1ibromophenol was outside criteria in method blank SBLK64 for SDG 1 Case 

26454 and method blank SBLK69 exhibited a surrogate recovery [of 34961 for 2-fluorobiphenyl 

in SDG 218 Case 26652. [Because] this was considered an isolated Occurrence for each SDG, 
the analytical data are not believed to have been affected. 

Several pesticide/PCB sample analyses exhibited low surrogate recoveries for decachlorobiphenyl 

WCB] and 2,4,5,6-tetrachloro-m-xylene [TCX] on the primary and/or [confirmation] columns. 

[In Case 26454 SDG 1, method blank PBLK35 had a low surrogate recovery for DCB on 

the primary column only while samples NASPAFOl and NASPAF92 had surrogate failure 
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on both the primary and confirmation columns. In Case 26652 SDG 1, samples RBl21192, 

33WEO001,33WEO002,33wEooo3, and 33wEooo4 had low surrogate recoveries for DCB 

on both the primary and confirmation columns also. 

Surrogate spike recoveries in SDG 5 for samples 33601002, l3S03003, WSO2006Ms, 

WS02006MSD, and 33S0200lDL failed for DCB and TCX on the primary column and/or 

the confirmation column. Samples NASPAF'O3, NASPAFM and method blank PBLK13 had 

surrogate recoveries for DCB and TCX outside QC criteria on both the primary and 

confirmation columns. 

In samples NASPAFO7, NASPAFO7MS and NASPAFO7MSD in SDG 20, DCB failed QC 

criteria for surrogate spike recoveries on both the primary and confirmation columns while 

in SDG 17, samples NASPAFO5 and NASPAFO6 failed surrogate spike recovery for DCB 

on both the primary and confirmation columns. In SDG 22 and 24, samples NASPAFlO, 

NASPAl2 and NASPAW failed surrogate recovery for DCB on the primary and 

confirmation columns respectively. 

In SDG 61, samples 33S06002, 33S19002, 33S19002RE, 33S2002, 33815002, 33S23002D, 

33S11004,33S22002,33S11002 and 33822004 had low surrogate spike recoveries for TCX 

and DCB on the primary column while in SDG 70, samples NASPAFOS and NASPAFW 

failed surrogate spiking recovery for DCB on both the primary and confirmation column. 

Samples 13S16002 and 33BENT01 in SDG 125 had low surrogate recoveries for TCX on 

the primary column only while samples 13S60EO1 and 13S60EO2 in SDG 218 had low 

surrogate spike recoveries for DCB on both the primary and the confirmation columns. 
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Samples 13S64004, 13S64006, l3S64008, l3S64DO8, WS65002, l3S65004, 13865006, and 

method blank PBLKO7 had low surrogate recoveries for TCX in SDG 219 while in SDG 900 

samples 13606001, 33608001,33618001, 33610001,33GGMl31,33618601, 336R3001, 

33G11001,33G16001,33617001,33614001,3361000lMS, 33G1000lMSD, 33Gl3001, and 

33609001 had low surrogate recoveries for DCB and/or TCX on both the primary and 

confirmation columns. 

In SDG 379 samples 13S65M)6, 13M6300lMS, 13M6300lMSD, l3S65007, 13S66004, 

13S67002,13S67004,13M62001, l3M63001, l3M64001, l3M65001, and 13M67001 failed 

surrogate recovery for TCX on both the primary and/or the c o n f i i t i o n  columns while 

in SDG 549, samples 33W02002,33W03002,33W04002,33W03DO2, WS60EO3,l3S6OEO4, 

33GUN001, 33TANK01, and 33681001 failed surrogate recovery for DCB and TCX on 

both the primary and/or confirmation columns. Also, in SDG 559 samples 33536003, 

33S38004,13S68002,33S32002, and 13570004 failed QC criteria for DCB and TCX on both 

the primary and confirmation columns while samples l3S69004MS, l3S69004MSD, 

33M03001,33M04001,13M65D01 and 33S37D04 in SDG 578 failed surrogate recovery for 

TCX on the primary column only. 

Finally, in SDG 803 samples 33676001, l3607001, 33615001, l3607E01, WGl3001, 

1360300lMS, 1360700lMSD, 33603001, 33604D01, 33671001, 33601001, 33677001, 

33G78001, 33G02D01, 33672001, 33602001, 33671301, 33604001, 33605001, and 

33G78E01 had low surrogate recoveries for DCB and TCX on both the primary and\or the 

confirmation columns. 

However, the pesticide/PCB analytical data within each SDG were determined to be reliable 

and usable with the appropriate data qualifiers based on the evaluation of all associated QC 

8-12 
[Bold items in brackets denote changes 

to the first draft of document.] 



Draj? Final Remedial Investigatwn Repon 
NAS Pensamla Operable Unit 10 and Site 13 

Section 8 - Data V i i h t i o n  
October 14. 1994 

data, such as initial and continuing calibrations, retention time criteria and associated raw 

data and chromatograms, %D and ZRSD criteria and MS and MSD spike recoveries. This 
is due to the fact that] CLP QC limits [for pesticideslPCBs] are advisory and no action is 

[suggested] for samples with failing surrogate recoveries. 

8.2.5 Representativeness 

Representativeness expresses the degree [to which] sample data accurately and precisely 

represent the characteristic of a population, parameter variations at a sampling point, or an 

environmental condition. [A greater variance should be expected for the soil sample 

duplicates than for water sample duplicates due to the differences in matrices.] Soil and 

water samples were taken from various locations and depths [in the study] area [but all were 

performed according to CLP SOW protocols for organic and inorganic sample analysis]. 

The labomtory [did not report any dissimilarities] between Samples or their duplicates during 

[data] analyses. 
0 

8.2.6 Completeness 

Completeness is defined as the percentage of measurements made [and those which are] judged 

to be valid. All samples analyzed for this RI were judged to be valid. Therefore, the data 
satisfactorily meet the 90 percent completeness level. 

8.2.7 Comparability 
Comparability is a qualitative parameter expressing the confidence [with which] one data set can 

be compared with another. Data comparability is ensured by using methods in the USEPA 

Region IV SOPS [and analyzing data] according to CLP protocols. 
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8.3 Inorganic Analysis 

The analytical methods were performed [and reported] in accordance with the USEPA CLP 

SOW fur Inorganic Analyses [(ILM03.0, 3/90)] guidelines. (Note: The "D" designation at the 

end of SDGs 52805D and 52916D [indicates that only dissolved or filtered sample analyses 

for inorganics were conducted on samples in these SDGS. Cyanide analyses were not 

performed on filtered samples and inorganic analysis was not performed on samples 

13S02003 and WSO2006.1 

8.3.1 Holding Times 
Each SDG was received by the laboratory in good condition with the proper custody documents 

and seals intact. From the date of collection to the date of sample digestionlpreparation, sample 

holding times were found to be within contractual requirements. * 8.3.2 Calibration 

The purpose of the initial and continuing calibration is to ensure the instrument is capable of 

acceptable and quantitative performance at the beginning [of each analytical run- and 

throughout it]. Initial and continuing calibrations were performed for the inorganics analysis 

within the criteria established by the USEPA CLP Inorganics SOW. 

8.3.3 - Blanks 

Blank results are used to determine the presence and magnitude of any contamination problems. 

In review[ing] the data provided, [no] actions regarding blank results were [required], since no 

detected quantities of contamination were found. SDG 652206 [was] comprised of four 

equipment rinsate blanks [only]. These blanks were used as QC samples to evaluate soil and 

groundwater site contamination [even though] they were separated and held from their 

accompanying samples and analyzed at a later date. 
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[In SDG CT5213, the analyte cobalt was reported at 1.122 pg/L in the preparation blank. 

All results for cobalt below the action level was qualified as non-detected. Selenium, silver 

and cadmium was qualified as estimated for positive results and at the detection limits for 

samples 32S06, 32S39, and 32S67 due to laboratory replicate precision criteria.] 

8.3.4 Interference Check Sample Analyses 

The inductive coupled plasma interference check sample analysis (ICSA) is performed to check 

the laboratory's instrument and the background correction factors. The ICSA was found to have 

been analyzed without any indication of interferences. Analysis of the ICSA satisfactorily met 

the compliance requirements as stated under the CLP. 

8.3.5 Laboratory Control Sample Analyses 

The laboratory control sample analysis (LCSA) is designed to monitor efficiency of the overall 

performances in all steps of analysis, including the digestion procedures. htmratory control 

sample analysis and results for silver in SDGs 645471, 645446, 264543, 665228, and 645415 

[were 67.8%,63.6%, 61.9%,60.4%, and 66.7% respectively. All associated positive sample 

results were qualified accordingly.] [Although] potassium showed [zero percent] recovery 

in the LCSA sample for SDG 652416, no potassium was found in the samples [above the 

established contract required detection limit, therefore all non-detected sample results were 

flagged as estimated at the detection limits.] Potassium and thallium in SDG [652585J and 

potassium and sodium in SDG 652157 also [had percent recoveries of 096, 64.6%, 08,  and 

136.8% respectively] in the LCS samples. Sample results of these metals in all the associated 
SDGs were qualified with the appropriate "J" [ for positive results or "UJ" for non-detected 

results.] 

0 
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8.3.6 Duplicate/Spike 

Duplicate samples are used to determine the precision of analytical methods for each parameter. 

The spiked samples are designed to provide information about the effects of the sample matrix 

on the digestion and measurement methods. The matrix spike recovery and inductive coupled 

plasma serial dilutions for several metals consistently failed QC criteria. Cadmium, copper, 

mercury, selenium, and thallium exhibited spike recoveries [of 74.5%, 72.6%, 49.5%, 151.396, 
and 131.5%.] Aluminum, barium, sodium, and iron [reported matrix spike recoveries of less 

than 85% ] in SDGs 645447, 645449, 645471, 652221, 652416, and 652843. Sample data 
associated with these SDGs were qualified with the appropriate "J" [or "UJ"] flag [as 

estimated.] 

8.3.7 Quantitation Limits 
Soil samples exhibit elevated quantitation limits due to the percent moisture content of each soil 
and organic matrix contaminants. The actual percent moisture in each soil sample vanes with 

physical and chemical characteristics such as clay content, su@ace area (panicle size) of the 

soil, bulk density, location of a particular soil boring in proximity to a water source, and the 

permeability and porosity of the soil. 

@ 

Chemical extraction from a soil matrix has two basic problems. First all chemicals must be in 

solution and second all other matrix phases must be evaluated in the sample. Air is assumed 

to be zero. However, water can be a significant portion of the soil sample. To account for this 
matrix phase, laboratories divide the analytical result or quantitation limit by the perceru 

moisture. The higher the moisture, the higher the result or quantitation limit. Samples high in 
moisture content therefore have a rwo-fold problem, is the contamination in the water or the soil. 
Medium level soil analysis quantitation limits in the organic CLP SOW are to provide reference 
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contract required quantitation limits for soils thar show severe matrix interferences due to one 
or a combination of any of these variables. 

The following SDGs had elevated quantitation limits based on the previously discussed factors: 

1, 125, 219, 379, 559, 184, 5, 29, 578, 61, 8, 900. 

Some water samples indicated that metals were detected at concentrations exceeding standartls. 

Based on data validation procedures ouilined in the National Functional Guidelines for Inorganic 

Data Review (February 1994), action levels were calculated using the Jive times rule (SX) and 

applied to the highest concentration of metals found in the associated blank data. A$er 
calculation of the action level for the metal all positive sample values that were less than the 

action level were reported as non-detects at the level indicated in each sample, which also means 
that these values are non-detect down to the contract required detection limit (CRDL). 

According to data validation guidelines ifthe value is above the CRDL and below the calculated 

action level it should be flagged as a non-detect at the level reported. 

If a detected concentration falls between the CRDL and the imtrument detection limit (IDL) it 
is considered an estimated value. r i t  falls between these limits and also below the calculated 

action level, it is flagged as non-detect at the IDL. I t  should be pointed out that inorganic IDLs 

vary slightly from laboratory to laboratory and are based on the calibration of the instrument 
and the instrument in use. Therefore, values are not reported down to the IDL only the CRDL. 

Also data validation guidelines do not require this. 

The following SDGs had elevated quantitation limits based on the previously discussed factors: 
2 71 71 9,645446,645447, 64.5449, 64S4S1,652206,652221,652353,652416,652585,64547I , 

528050,5291 6D,64.5452,6.52157,6.52605,6.52843,652939,665213,665228,665277, 71 7156. 
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The Navy recognizes that some samples with high quantitation limits may not be useable for the 

decision making processes, however it is the opinion of the Navy and its contractor that suficient 

usable data is available to reach a decision on OU 10 and Site 13. 

8.4 Data Assessment 

Volatile sample data and blank data indicated consistent presence of the common laboratory 

artifacts (i.e., acetone, methylene chloride, and 2-butanone). Chloroform was also present 

in several blanks at or above the CRDL indicating contamination sources from within the 

laboratory. As necessary for the validation process, an action level was calculated with the 

appropriate common laboratory artifacts by using the CLP 1Ox rule. Action levels of other 

contaminant types were applied to the CLP 5x rule. 

Although in most instances, applying these CLP rules eliminates the common laboratory 

artifacts, some solvents are found at concentrations above which they cannot be qualified. 

For example, in SDG 900,2-butanone was found in several samples at concentrations above 

the calculated action level. Based on the site’s history, including the current operations 

onsite, the probability of this solvent being an actual site constituent is believed to be 

remote and therefore no conclusions or recommendations have been based on the detected 

2-butanone.] 

Semivolatile analysis showed 4-nitrophenol [had high %RSD’s] for several SDGs. Phthalate 

esters were found in blanks and samples at concentrations ranging from 1 to 100 ppb [and all 

associated sample results were qualified according to the lox rule for action levels.] 

Compounds for several SDGs failed %RSD and %D criteria for initial and continuing 

calibrations. However, [these occurrences are] believed to have Fad]  no effect on the [data 

validity]. 

8-18 
[Bold items in brackets denote changes 

denote changes to the second drift of document.] 
to the first draft of document. Italicized items 



Corrected Final Remedial Inwtigation R p n  
NAS Pensacola Operable Unit 10 and Site 13 

Section 8 - Data Validation 
September 1995 

~~ ~ 

It is strongly believed [that] these common laboratory artifacts are partially, if not all, a result 

of laboratory conditions at the time of sample analysis; [therefore,] no conclusions or 

recommendations are based on laboratory artifacts. The blank data for OU 10 and Site 13 met 

all CLP SOW compliance requirements. [The project geologist indicated that all samples with 

the L, N, or 0 designation are material blanks which were sampled from clay pellets or 

cement used in construction of monitoring wells.] 

Pesticide/PCB compounds for several SDGs failed %D requirements on either the quantitation 

column or the confirmation column [and are] qualified with the appropriate "J" flag. 

Spike recoveries for potassium, mercury, copper, selenium, and lead in SDGs 645445, 652221, 
652416 and 665213 [were consistently outside CLP QC criteria.] Aluminum, barium, silver, 

iron, chromium, and potassium were outside of QC limits for ICP serial dilutions. Since the 

laboratory exhibited difficulties in the analysis of ICP serial dilutions, data [in these SDGs] were 

qualified as estimated. 

[In conclusion, the] overall quality of analytical data [for OU 10 and Site 13 at NAS 
Pensacola was] considered [satisfactory] and usable for [site] remediation and risk assessment 

[except for those sample results that were qualified as unusable.] 

8.5 Validation Worksheets 

[In each EnSafe/Allen & Hoshall data validation project, worksheets are used which detail 

the evaluation of the analytical data. On certain sheets, the validation procedures will be 

equivalent to the Standard Operating Procedures provided by the USEPA CLP National 
Functional Guidelines f o r  Organic and Inorganic Data Review. Other sections will cover 

those areas which are more subjective due to the complexities of the analytical methods, 

8-19 
[Bold items in brackets denote changes 

denote changes to the second draft of document.] 
to the first draft of document. Italicized items 



Correaed Final Rcmcdial Inm!igation Report 
NAS Pemacola Operable Unit 10 and Site 13 

Section 8 - Data Validation 
September 1995 

and will only document on the actions taken by the data evaluator. The worksheets will 
be provided upon request.] 
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9.0 CONTAMINANT FATE AND TRANSPORT 
9.1 Sources of Contamhation 

The remedial investigation has identified area[s] of concentrated soil contamination at the former 

ISDBs, swale area[, and at the former waste oil storage tank]. High concentrations of 

semivolatiles, including chlorinated benzenes and PAHs, as well as PCBs and metals, were 

found in these area, with lesser [concentrations] of phenols, pesticides, and cyanide. A second 

[less pronounced] area of elevated contamination relative to surrounding areas, [can be found] 

in a broad and ill-defined region including the former surge pond (boring 33S12), the present 

surge tank (33Sll), and the former waste line breach area (33S10). The principal soil 

contaminants in this area include PAHs, pesticides and PCBs. The potential for contaminant 

migration would be expected to be greatest in the areas [mentioned above]. 

Soil pesticide concentrations average less than 20 ppb and do not exceed 1,0oO ppb at any 

location [except the concrete-lined drying beds of the abandoned WWTP]; therefore, based 

on soil phase partitioning, it is expected little pesticide mass would be available for leaching. 

[In addition, the abandoned WWTP is currently undergoing a removal action so the 

pesticides detected there should no longer be a source.] Soil semivolatile concentrations were 

non-detect to less than 500 ppb over 90 percent of the study area, based on sample data. 
However, semivolatile concentrations were detected in excess of 1 ppm in the former ISDBs and 

swale area, [at the site of the former waste oil storage tank,] around the former surge pond, 

present surge tank and historic waste line breach. In these limited areas, leaching of 
semivolatiles may pose a threat to underlying water-bearing zones. Metal concentrations in soil 

were generally [at reference concentrations] except in the swale area, as well as [in] some 

isolated areas. 
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9.2 Contaminant Migration 

9.2.1 

Contamination [identified] in soil of the former ISDBs and swale area, [former waste oil 

storage tank,] former surge pond, surge tank, and waste line breach a~ea may enter 

groundwater by [three] mechanisms: [l)] contaminants may be leached from the soil by 

downward percolation of rainwater toward the water table or [2)] into groundwater through 

direct continual contact with groundwater either from contaminated horizons identifed at the 

normal water table or [3)] from seasonally submerged soil during periods of an elevated water 

table. Soil at the IWTP in gene& is very permeable, resulting in quick infitration and minimal 

contact time between percolating water and soil above the water table. Soil in the swale area, 
however, is fill material consisting of sands and silts with discontinuous zones of clayey 

sludge-like material. Permeability of this soil would be substantially lower than elsewhere at 

the study area, [resulting in] a longer contact time with percolating water[, but also retarding 

the movement of water and contaminants]. Shallow monitoring wells around and 

downgradient of the former ISDBs and swale area exhibited relatively low to nondetect 

concentrations of metals and most organics, with the notable exception of elevated 

[concentrations] of chlorinated benzenes. The swale area includ[i 336011 is located in the 

area of highest soil contamination. These [nigh contaminant] concent~ation[s] were recorded 
during an unusually wet season with percolation of rainwater through the contaminated soil. The 
resultant concentrations in shallow groundwater suggest the contaminated soil is releasing 

chlorinated benzenes at rates substantial enough to cause [a] detection in groundwater. 

Leaching from Soil to Groundwater 

Soil contamination at [the] water table exists [as black oily horizons around the site of the 

former waste oil UST and around the southern portion of the former ISDBs, and as a 

darkened horizon around the surge tank and former surge pond.] The contaminated soil 

may be continuously or seasonally in contact with shallow groundwater. [The saturated 
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conditions may enhance transport of contaminants from the unimpacted soil horizon.] Low 

to non-detect concentrations in RCRA-sampled wells PCS-1 , [downgradient of and adjacent 

to the former surge pond,] and GM-8 [downgradient and near the black oily horizon around 

the southern portion of the ISDBs suggest no] appreciable leaching of contaminants from their 

respective contaminated horizons at [the] water table. CERCLA well [33602 shows 

concentrations of chlorinated benzenes, suggesting groundwater and/or rainwater 

percolation may be leaching contaminants from the black oily horizon around the site of 

the former waste oil UST.] 

The compound classes of PAHs, pesticides, and PCBs are generally considered to have limited 

to very limited potential for migration due to their low solubility and high affinity for soil 

particles and organic carbon. Physical analyses on soil samples from the swale area and near 

the former surge pond indicate total organic carbon contents of 480 and 470 mg/kg dry weight, 

respectively. The potential for migration of metals [is highly dependent on] pH, redox 

potential, cation exchange capacity [and total organic carbon] of the bearing soil. Cation 

exchange capacities measured on soil from the two contaminant sources in question are at 

3.9 meq/lOOg in the swale area and 5.2 meq/100g near the former surge pond. The very low 

groundwater concentrations of metals and PAHs, extremely low concentrations of pesticides, and 

[the absence of PCBs] suggest soil across the site and possibly the oily organic-rich sludges in 

the swale area, bave retarded the movement ofJ these compounds [through various sorptive 

mechanisms. J 

0 

a 

9.2.2 Surface Water Transport 

The generally high [soil] permeabilities around the IWTP limit any substantial transfer of 

contamination via surface water flow. [Although the site investigation took place during an 

unusually wet winter,] overland flow was not observed. [The southern drainage ditch 
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surface waters seem to collect by seepage or storm water culvert discharge from the 

surrounding industrially used land, including the IWTP, the bilge water treatment plant, 

the helicopter rotor-testing facility, and Chevalier Field.] Water flow was not observed in 

these ditches. Contaminant transfer from soil to surface water [occurs by the same leaching 

processes discussed under soil to groundwater pathways,] mediated by [localized] 

groundwater quality characteristics. Transport of contaminants within the [drainage ditch 

surface waters] has been investigated by the hydrologic study and sampling of the southern 

drainage ditch. The [ditch surface waters] were d e t e d e d  to be more a surface expression 

of groundwater than a conduit for surface water transport[; any] migration of water and 

contaminants within the ditch is probably dated to groundwater. 

9.2.3 Groundwater Transport 

Groundwater analytical results indicate contaminants are migrating with groundwater flow. 

Elevated contaminant concentrations exist around and hydraulically downgradient of the former 

ISDBs, downgradient of the surge tank[, by the former waste oil storage tank] and at [33G15J. 
Based on potentiometric measurements, groundwater contamination is migrating laterally east 

from the former ISDBshwale area [and the former waste oil storage tank,] and 

northhorthwest from the present surge tank. [Two recovery wells] located [centrally to] the 

former ISDBs and swale area contamination apparently ha[ve] not prevented or reversed the 

eastward migration of contaminated groundwater from [the area. However, they are 

influencing flow in the southern and northern portions of the IWTP.] Downward vertical 

hydraulic gradients between shallow and intermediate groundwater depths, equivalent in 

magnitude to lateral gradients, indicate [that the downward flow component] in conjunction 

with lateral movement [could have a significant influence on groundwater contaminant 

dispersion.] Elevated contaminant concentrations at intermediate depth may be a consequence 

of this downward flow component. Upward vertical hydraulic gradients between deep and 

e 
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intermediate groundwater depths, together with the presence of [an intervening] 12- to 

15-foot-thick, low permeability clay layer between the two [zones], preclude any downward 

contaminant migration into [the deep groundwater.] Low-level contaminant concentrations, 

historically found in deep wells soon after installation and non-detezt [later], indicate these trace 

contaminants [may have been during deep well installation.] 

The [groundwater contaminant migration rate] is conservatively estimated to equal 

groundwater velocity. Based on groundwater velocities calculated and presented in Table 6-8, 

the rate of contaminant movement from the former ISDBs and swale a m  toward well pair 

[33GO51 and [33Gl2] is expected to average approximately [OS21 Wday in shallow 

groundwater, and approximately [ O . O l q  Wday in intermediate groundwater. Groundwater 

contamination at well pair [33603] and [33608] is expected to flow north away from the surge 

tank. [Groundwater movement] at [33Glq is [likely] influenced by nearby recovery well 

RW-3. 
0 

a 

Analytical results of filtered and unfidtered sample aliquots indicate metals in groundwater are 
[associated with suspended sediment in web rather than dissolved phase] partitioned onto 

particulate matter. [In addition, groundwater samples collected by USEPA using a quiescent 

sampling technique obtained results similar to the filtered aliquots. Therefore, movement] 

of metals contamination depend[s] on the ability of the particulate matter to move with 

groundwater. High H2S concentrations in groundwater [may] favor precipitation of metals from 

the dissolved phase, [reducing mobility.] 

9.3 

The primary [medium] impacted by site activity has been the surficial zone of the 

Surficial/Sand-and-Gravel Aquifer. Shallow and intermediate [monitoring wells for] this zone 

Potential Receptors and Impacted Media 
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presently and historically have yielded impacted groundwater. Concentrations of organic 

contaminants are presently lower than previously reported concentrations when the former surge 

pond and ISDBs were still in operation. [This suggests natural dilutiodattenuation may 

cleanse impacted groundwater with the absence of any additional sources.] The greatest 

impacts have been observed around and downgradient of the former ISDBs and swale area, 
downgradient of the surge tank, and at [33G15J. Several chlorinated aliphatic compounds and 

1,4-dichlorobenzene exceed FPDWS in area wells. [Both impacted and unimpacted 

groundwater] in this aquifer ha[ve] been shown to be highly turbid and contain natural iron, 

manganese, and sodium concentrations exceed[ingl FSDWS. A large portion of the aquifer 

yields dark brown, highly organic pore water with an acrid H,S odor. Based on natural 

qualities, the aquifer does not appear suitable as a drinking water supply either in impacted or 

unimpacted areas. Groundwater from the surficial zone is not used [or anticipated to be used 

as a potable water supply.] e 
Pensacola Bay and Bayou Gmnde [are potential impacted media of contaminated 

groundwater from the IWTP.] These coastal waters have been classified by the FDEP] as 

Class III waters, indicating their use for recreational purposes and the maintenance of a 

well-balanced fish and wildlife population. [The impact should be minimal given the high 

flushing rate and dilution expected upon entry into these water bodies.] Potential ecological 

impacts on these water bodies will be addressed in [the upcoming RUFSs] for Bayou Gmnde 

(Site 40) and Pensacola Bay (Site 42). 

a 

The [low lying area] immediately north and west of the former ISDBs and swale area [may 

have been impacted by] industrial sludge components released through poor handling practices. 

[Presently,] it is potentially subject to groundwater discharges during high rainfall. Soil samples 

collected west and north of the former ISDBs and swale area indicated some impact on soil from 
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IWTP operations. A dewatering discharge to the [potential] wetland in 1983 defoliated an 

unspecified area. [The area has apparently recovered since its boundaries could not be 

identified visually. Due to the ISDBs closure,] past practices result[ingl in the direct 

contamination of the [potential] wetland no longer occur. The present threat appears to be 

transfer of contamination via groundwater during wet seasons when the water table is above the 

soil surface [there]. Overland runoff from the IWTP into the [potential] wetland [rarely 

occurs] due to the high surface soil [vertical] permeability. [No vegetative stress, such as 

chlorosis or death, has been observed.] 

The [area] south of the IWTP and adjacent to the bilge water plant [has possibly been impacted 

by] contamination from these facilities. Impacts from the 1992 bilge water waste oil spill have 

been documented. [Natural biodegradation since the spill has improved the area.] The 

southern IWTP north-south drainage ditch could potentially transfer any contamination southward 

into the [low lying area], [although] results of [the RlrJ do not indicate any impact from the 

IWTP. c logical impacts on these potential northern and southern wetlands will be 

addressed in an upcoming RUFS for the NAS Pensawla wetlands (Site 41).] 

* 
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10.0 BASELINE RISK ASSESSMENT 
This section has been extensively revised. For readabii this section has not been bolded, 

bracketed, or italicized. 
10.1 Introduction 
A baseline risk assessment (BRA) is the analysis of the potential adverse effects on actual or 

hypothetical human andor ecological Teccptors that could a b  fnnn exposures to hazardous 

substances releases from a site if no Femedial actions a taken to reduce the extent of present 
environmental pollution. The baseline risk at OU 10 and Site 13 at the NAS Pensacola is the 

risk to human and ecological receptors that may result under v8ciolls scenarios if no remedial 

actions are taken to reduce the extent of existing environmental 'on. Sections 10.1 
through 10.8 are focused exclusively on human health risk assessmkt. Section 10.9 addresses 

the potential ecological threats associated with envimnmental media impacts at OU 10 and Site 

13. The following baseline risk assessment was prepared in itccoTditllce with the guidelines set 

forth in: 

e Risk Assessment Guidance for Superjid, Volume I-Human Health Evaluarion M d ,  
Part A ,  USEPNOERR, USEPAf54011-891002, Dezember 1989 (Interim).(RAGS 

Part A). 

e Risk Assessment Guidance for Swrjid, Volwne I-Human Health Evaluarion Manual, 
(Part B, Development of Risk-based Prefiminary RemedWon Goals), USHpA/OHRR, 
USEPN54o/R92/003, December 1991 (Interim).(RAGS Part B). 

e Risk Assessment Guidance for Supeghd, Volume I-Human Health Evahtzion Mhual ,  
Supplemental Guidance-Standard D e f d  Exposure Factors-Interim Final, 
USEPNOERR, OSWER Dinxtive: 9285.6-03, March 25, 1991. (UGS Supplement). 
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Dermal Bposure Assessment: Rinciples andAppficaliom. IntenmRt?port USEPNORD, 

USEPA/6008-91/011B, Jan- 1992.@ermal Guidance). 

0 Risk Assessment Guidance for S u p e w ,  Volume I-Human Healrh Evaluation M w ,  
Supplemental Guidance-De& Risk Assessment-lnrerim Guidance, USWNOERR, 

August 18, 1992.(SupplementaI Dermal Guidance). 

0 Supplemental Guidance to RAGS: Region IV Bulletin, Default Oral Absoxption Values 

for Dermal Reference Dose Adjustment (Demal Adjustmeat Supplement). 

0 Supplemental Guidance to RAGS: Region IV Bulletin, Development of Health Based 
preliminary Remediation Goals, Remedial Goal Options and Remediation Levels 

(Supplemental RGO Guidance). 

0 Supplemental Guidance to RAGS: Region IV Bulletin, Exposure to VOCs during 

Domestic Water Use: Contributions from Ingestion, Showering and Other Uses 
(Supplemental Groundwater VOC Guidance). 

, USEPA Region III Contaminant of Concern Screening Table, March 18, 1994, (Roy L. 
Smith); (RBC Screening Tables). 

Risk Assessment Guithce for Supe#d, Volume Li - &vim- Evaluation Manual, 
Interim Final, USEPA/OERR, USEPN54O/1-89/Ool, March 1989. 

0 Framework for Ecobgical Risk Assessment, USEPA/Risk Assessment Forum, 
USEPA/630/R-92/001, February 1992. 

‘ a  
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10.1.1 Objectives 

Baseline risk assessment objectives are as follows: 

0 Characterize the source media and determine the chemicals of potential concern (COpCs) 

for OU 10 and Site 13 at NAS Pensacoh. 

0 Identify potential receptors and quantify potential exposures under current and future 

conditions. 

e Qualitatively and quantitatively evaluate the adverse effects associated with the 

site-specific COPCs. 

0 Characterize the potential baseline risks associated with Site 13 and OU 10 at NAS 
Pensacola under current and future conditions. 0 

0 Evaluate the uncertainties related to exposure predictions, toxicological data, and 

resultant carcinogenic risk and non-carcinogenic hazard predictions. 

The value of the risk assessment as a basis for making remedial decisions depends on an 
adequate cha&terization of chemical contamination. Variables considered in characterizing the 
study area and its associated risk are the amount, type, and location of sources, the pathways 

of exposure (media type and migration routes), and the type, sensitivities, exposure duration, 

and dynamics of the exposed populations (receptors). The RI presented in previous chapters 

provided the site characterization data used in this assessment. 

The focus of the investigation at Site 13 and OU 10 was the assessment of the effects of past 

wastdwastewater disposal practices on environmental media on and in the vicinity of the current 

IWTP complex at NAS Pensacola. To complete this assessment, soil, groundwater, sediment 0 
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and surface water samples were collected and analyzed. Grab soil samples were collected from 

the surface and at various depths. Groundwater samples were collected from monitoring wells. 

Sediment samples were collected from the southern drainage ditch and the Magazine Point 

dredge spoil area. Surface water samples were collected from the southern drainage ditch. All 

samples were analyzed for the target compound list (TCL) and target analyte list (TAL) in 

accordance with the CLP March 1990 Statememt of Work (3190 SOW) methods. 

10.1.2 Site Background 

NAS Pensacola is located five miles southwest of the City of Pensawla, on a peninsula in 

southern Escambia County. The sites evaluated in this risk assessment collectively referred to 

as OU 10 include Sites 32, 33, and 35, which are located in the IWTP north of Chevalier Field. 

Site 13, the Magazine Point Rubble Area is located north and east of OU 10 and is included in 

this risk assessment due to its proximity to the other three sites. e 
Site 32, the Industrial Sludge Drying Beds are contiguous units that were operated at the IWTP 
from 1971 to 1984. The beds received sludges containing listed hazardous waste from the 

RCRA surface impoundment. Site 32 underwent RCRA closure in 1989. The contents of the 

drying beds (remaining sludge and leachate drainage system) and an underlying layer of sand 

were removed to about 6 feet below ground surface. The material removed was disposed of as 
a hazardous waste. The site was then backfilled with clean sand and capped with high density 

asphalt. The site will continue to be monitored under the HSWA post-closure permit as a part 
of the IR Program. 

Site 33, the Wastewater Treatment Pond, is made up of the domestic polishing pond, 

phenol/stabilization pond, and the industrial surge pond. During 1987, the USEPA RCRA 

Compliance Branch determined that the polishing and stabilization ponds received listed (FOO6) 

hazardous waste from the surge pond. The ponds were taken out-of-service and underwent 
closure in 1989. The industrial surge pond is suspected of being the primary contributor to the 
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IWlT'groundwater contamination. The first 6 feet of material located below the land surface 

of the surge pond were removed and disposed of as a hazardous waste. The surge pond site Will 
continue to be monitored under the HWSA post-closure permit as part of the IR program. 

Site 35, the Miscellaneous IWTP SWMUs, are those other units in addition to Sites 32 and 33 
that may have received hazardous waste. Included in Site 35 are aboveground tanks, 
underground oil-sludge tanks and underground piping next to SWMUs. Those units included 

as IWTP area SWMUS are: 

rn Industrial Grit Chamber 0 Parallel Flocculators 

0 Primary Clarifier 0 Aeration (activated sludge) Tank 

rn Oil-Water Separator rn Parallel Final Clarifiers 

0 Oil Storage Tanks rn Aerobic Sludge Digester 

Sludge Thickener 0 Contact Chlorinator 

Belt Filter Presses rn Ancillary Piping, Pumps, Junction Boxes, e. 
0 .  

rn 

Site 13, the Magazine Point Rubble Disposal Area, was used for the disposal of rubble for an 
unknown period of time. The first visible presence of rubble was in 1964 at the northern tip of 

Magazine Point. The rubble was most likely placed at Magazine Point to stabilize a narrow inlet 

to the north between Bayou Grande and Pensacola Bay. Since 1965, construction debris has 
created rubble piles higher than 6 feet at the south end of the site next to Chevalier Field and 

the MTTP. At the north end, the rubble has been placed to form a "jetty" extending eastwafd 
into Pensacola Bay. Construction materials dumped at the site include concrete blocks and slabs, 
asphalt, brick and mortar, clay and concrete culverts, metal pipes, wooden poles and lumber, 
and some empty 55-gallon drums. 

10.1.3 Organization 

A human health risk assessment, as defined by RAGS Part A, includes the following steps. 
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Site characterization: Data regarding site geography, geology, hydmgeology, climate, 
and demographics of populations in the area are evaluated. 

Data collection: Samples of environmental media, including background samples, are 
Zlllalyzed. 

Data evaluation: The analytical data are analyzed statistically to identify the nature and 

extent of contamination and establish a preliminary list of chemicals of potential concern 
that will subsequently be refined to identify chemicals of concern (COCs). 

Exposure assessment: Potential receptors are identified under current and future 
conditions, potential exposure pathways are identified, exposure point concentrations and 

chemical intakes are quantified. 

Toxicity assessment: The adverse effects of the COPCs are qualitatively evaluated, and 
quantitative estimates of the relationship between exposure and severity or probability of 
effect are made. 

Risk characterization: The output of the exposure assessment and the toxicity assessment 
are combined to quantify the total noncancer and cancer risk to the hypothetical 

receptors. 

Uncertainty: The areas of recognized uncertainty in human health risk assessments are 
discussed and evaluated, in addition to medium and exposure pathway specific influences. 

RisWHazard Summary: Results are presented and discussed for exposure quantification 

(risk and hazard) related to potential receptors and their exposure pathways identified 

under the current and future conditions. 
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e Remedial Goal Options: Exposure concentration are quantified within the USEPA target 

risk range of 106 to 104 for carcinogenic COCs and a hazard index of 0.1, 1, and 10 for 

noncarcinogenic COCs. 

10.2 

When performing a baseline risk assessment, data for environmental media are compiled to 
determine potential site-related chemicals and exposures for each medium as outlined in 
RAGS Part A. Although the IWTP and Magazine Point were divided into several sites of 
investigation, this baseline risk assessment addresses the potential risks posed by chemicals 

detected as two separate areas (OU 10 and Site 13). 

Identification of Chemicals of Potential Concern 

10.2.1 Data Sources 
Data for NAS Pensacola, specifically Site 13 and OU 10, have been gathered during different 

times and different studies. During the Phase I investigation, (December 8, 1992 and January 

19, 1993) 35 soil borings at OU 10 and 16 soil borings at Site 13 were completed to assess the 
distribution of soil contamination above the water table. During Phase 11, (April 19, and 21, 

1993) 13 additional soil borings were completed at OU 10 for contamination assessment. 

@ 

During the Phase I field investigation, sediment samples were collected from the OU 10 drainage 

ditch along the southern end of the site and from the Site 13 dredge spoils area at the northern 
tip of Magazine Point. The drainage ditch sediments were sampled on January 20 and 21,1993, 

as part of the overall study proposed in the OU 10 work plan. The sediments at Site 13 were 

sampled on January 13, 1993. 

During January 1993, surface water at the southern OU 10 drainage ditch was sampled at four 
stations along the banks. The southern drainage ditch was the only surface water body identified 

onsite. 
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The groundwater investigation was conducted betwem Dezember 8, 1992, and 

February 19, 1993 during the Phase I investigation, and between April 21 and 23, 1993 during 

the Phase II investigation. In all, 26 shallow and intermediate monitoring wells were sampled. 

A sample was collected from only one deep well during the RI. 

During April 1994, as part of the USEPA oversight of the remedial hvestigationS Within Site 13 
and OU 10, the USEPA Environmental Sexvices Division (ESD) sampled selected monitoring 

wells and collected additional soil samples at numerous locations in previously identified areas 
of concern. Five monitoring wells were selected based upon previous analytical results 

indicating high concentrations of heavy metals (generally lead or chromium). Fifteen soil 
samples were collected based on previous sampling results. The USEPA report summarizing 
the sampling effort is included in Appendix R. 

In September 1994, an interim removal action was conducted at the former IWTP located north 

of the operating facility. An abandoned Imhoff tank chlorine contact chamber and sludge drying 

beds were closed, and surrounding surface soil was removed during the process. The removal 
action was completed in May 1995. Two to 3 feet of fill material were placed over the 
excavated area subsequent to closure. 

All samples were analyzed for the TAL/TCL at DQO Level IV, in accordance with the 
Analytical Support Branch Laboratory Operations and Quality Control Manual, September, 1990. 
All sampling, sample handling, chain of custody protocol and field QA/QC were in accofdance 
with the Environmental Compliance Branch Standard Operating Procedures and Quality 

Assurance Manual, (ECBSOPIQAM), February 1, 1991. 

Results from surface soil samples collected during the ESD sampling investigation (0- to l-foot 

depth) and each 0- to 1-foot interval sample collected during Phase I of the RI represents the 
only soil data used in the evaluation of soil exposure pathways in this risk assessment. Sample 
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identification numbers for the surface soil samples collected at OU 10 and Site 13 by ESD and 

E/A&H are listed in Table 10-1. 

All surface water and sediment data collected during Phase I were used in the baseline risk 
assessment. Shallow and intermediate groundwater data from Phase I sampling were combined 

to compute exposure point concentrations for the shallow groundwater pathway. Groundwater, 

surface water, and sediment samples used in the BRA are listed in Tables 10-2 through 104. 

10.2.2 Data Validation 

Data validation is an after-the-fact, independent, systematic process of evaluating data and 

comparing them to pre-established criteria to confirm that the data are of the technical quality 

necessary to support the decisions made in the remedial investigation/feasibility study (RYFS) 
process. Specific parameters associated with the data are reviewed to determine whether they 
meet the stipulated data quality objectives. The quality objectives address five principal 

parameters: precision, accuracy, completeness, comparability, and representativeness. To 

verify that these objectives are met, field measurements, sampling and handling procedures, 

laboratory analysis and reporting, and nonconformances and discrepancies in the data are 
examined to determine compliance with appropriate and applicable procedures. The procedures 

and criteria for validation are defined in the RI/FS Data Validation Program Guidelines, which 
are based on the USEPA National Functional Guidelines for Data Review (USEPA 1994a, 

USEPA 1994b). For further discussion of data validation, please refer to Section 8.0 of the RI. 
Data collected by ESD was not validated by E/A&H. 

10.2.3 Site-Related Data 

All environmental sampling data were evaluated of suitability of use in the quantitative baseline 
risk assessment. Data obtained via the following analytical methods were not considered 

appropriate for the quantitative baseline risk assessment: 
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32S01 (USEPA ESD) OU 10 Wastewater Treatment Plant Pond I: 32S06 (USEPA ESD) OU 10 Wasteweter Treatment Plant Pond 

32355 (USEPA ESD) 

13S06 (USEPA ESD) 

32824 (USEPA ESD) 

32532 (USEPA ESD) 

32S36 (USEPA ESD) 

OU 10 Wastewater Troatwmt Plant Pond 

OU 10 Wastewater Treatment Plant Pond 

OU 10 Wastewater Treatment Plant Pond 

Y 
OU 10 Wastewater Treatment Plant Pond 

Site 13 M e w i n e  Point Rubble Disposal 

32S39 (USEPA ESD) 

32553 (USEPA ESD) 

OU 10 Wastewater Treatment Plant Pond 

OU 10 Wastewater Treatment Plant Pond 

13S61 (USEPA ESD) 

13S67 (USEPA ESD) 

32S54 (USEPA ESD) I OU 10 Wootewater Treatment Plant Pond II H 

Site 13 Magazine Point Rubble Disposal 

Site 13 Moaazine Point Rubble Diroosd 
! 

13S68 (USEPA ESD) 

33S20002 

33521 002 

Site 13 Magazine Point Rubble Disposal 

Operable Unit 10 

Ommble Unit 10 

3351 5002 

33s 16002 

33s 19002 

~ -~ 

33S23002 Operable Unit 10 

33557001 Operable Unit 10 

33S01001 Operable Unit 10 

Operable Unit 10 

Operable Unit 10 

ODerable Unit 10 

33S05002 I Operable Unit 10 I 
33S12002 Operable Unit 10 I 

Noto.: 
USEPA ESD indicates that the sample was collected by ESD during supplemental sampling activities. All other roil samplr  were 
collected by E/A&H during RI  Phase 1. 

= Indicates the area from which this sample wer collected was excevated during closure activities at the old 
IWTP. Subsequent to closure, 2 to 3 feet of fill materiel were placed owr  the excavated erea. Data for this 
sample were not included in the data set uaed in this baseline risk assessment. 
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33G01001 Operable Unit 1 0  Shdlow 

33602001 Operable Unit 10 Shdlow 

33G03001 0por.bk Unit 10 S W O W  

33604001 Operable Unit 1 0  Shdlow 

33G05001 Operable Unit 1 0  Shellow 

1360600 Site 1 3  Shdlow 

13G07001 site 13 Shdlow 

13G19001 Site 13 SMlOW 

33GGM71 Operable Unit 1 0  Shdlow 

33GGM721 Operable Unit 1 0  Shdlow 

33GGM761 Operable Unit 10 Shdlow 

33GGM771 Operable Unit 10 Shdlow 

33GGM781 Operable Unit 1 0  Shdlow 

33GGM131 Operable Unit 1 0  Shdlow 

33G81001 Operable Unit 1 0  Shellow 

33GR3001 Operable unit 1 0  Shdlow 

33608001 Operable Unit 1 0  Intermediate 

33G0900 1 Operable unit 10 Intermediate 

33G10001 Operable Unit 10 Intermediate 

33G11001 Operable Unit 10 Intermediate 

33G12001 Operable Unit 1 0  Intermediate 

33G 13001 Operable Unit 1 0  Intemwdinte 

33G14001 Operable Unit 1 0  Intermediate 

33G15001 Operable Unit 1 0  Intermediate 

33G16OO1 Operable Unit 1 0  Intermediate 

- 33G 17001 Operable Unit 1 0  Intermediate 
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33W01002 

33W02002 

33W03002 

33W04002 

NOW$: 
Shallow and intermediate well results were combined to evaluate shellow grwndwawr expowro. M y  one deep wd l  w# 
installed and screened below the squitard (See Section 7 of the RI report). 
RI Phase I groundwater sampling results were exclusiwly used to derive expowre point concentrations to quantitaa oxpowres 
at Well 33620 was sampled during April 1993 Phase II sampling activities. Arulyticd rosults w o n  includod in tho risk 
assessment data set. 

Operable Unit 10 

Operable Unit 10 

Operable Unit 10 

Operable Unit 10 

Tobk 10.3 
ampk Idontifiati 

Noto: 
Samples collected exclusiwly from drainage ditch south of OU 10. 
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33MO1001 Operabie Unit 10 

33MO2001 0p.nbk unit 10 . 
3 3 MO300 1 

33MO4001 

0p.rnble Unit 10 

Operabie Unit 10 

Notes: 
OU 10 and Site 13 were segregated for evaluation in subsequent section8 of tho ba8.iine risk as8es~ment. 

Analytical methods that are not specific for a particular chemical, such as total organic 

carbon or total organic halogen. 

0 Field screening instruments including total organic vapor monitoring units ("u) and 
organic vapor analyzers. 

Once the data set was complete, statistical methods were used to evaluate the RI analytical 

results to: identify COPCs and establish exposure point concentrations of potential receptor 
locations. The statistical methods used in data evaluation are discussed below. The rationale 
used to develop this methodology and the statistical techniques are based on the following 

sources: 

e RAGS Part A 
e Statistical Methods for Environmental Pollution Monitoring (Gilbert, 1987) 
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Quattro-Pro was used to perform most of the statistical calculations. For each set of data used 
to describe the concentration of chemicals in a contaminated area, the following information was 

tabulated: frequency of detection, range of detected values, distribution of the data (normal, log 

normal, or other); mean concentrations; and upper confidence limit (UCL) on the mean of the 

concentration. 

10.2.4 Selection of Chemicals of Potential Concern 
The objective of this section of the BRA is to screen information that is available on the 

substances detected at Site 13 and OU 10 (chemicals present in site samples) to develop a list 
or group of chemicals referred to as COPCs. The information consists of both federal and State 

of Florida cleanup criteria and standards for soil and groundwater. COPCs are those chemicals 

selected in consideration of their comparison to screening concentrations (risk-based and 

reference), intrinsic toxicological properties, persistence, fate and transport characteristics, and 

cross-media transfer potential. Any COPC that is carried through the risk assessment process 

and found to contribute to a pathway that exceeds a 106 risk or hazard index (HI) greater than 
1 for any of the exposure scenarios evaluated in this risk assessment and has an incremental 

lifetime cancer risk (ILCR) greater than 10-6 or hazard quotient (HQ) greater than 0.1 is referred 
to as a chemical of concern (COC). 

0 

Prior to evaluating the potential riskdhazards at Site 13 and OU 10, it was first neceSSary to 

determine the nature and extent of the contamination at the sites. This was accomplished by 
noting the chemicals detected in each medium. These chemicals represent the CPSSs for Site 13 

and OU 10. The nature and extent of CPSSs was discussed in detail in Section 7.0 of the RI. 
In order to reduce the list of CPSSs, the following tasks were performed. 

Comparison of Site-Related Data to Screening Concentrations 
The maximum concentrations of CPSSs detected in soil and sediment at OU 10 and Site 13 were 

compared to media-specific USEPA Region 111 risk-based COC screening concentrations (RBCs) 0 
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dated March 18, 1994 and FDEP Soil Cleanup Goals for DOD Sites (FSCGs) as established in 
a FDEP memorandum dated July 14,1994. This Screening process, which'was used to eliminate 

CPSSs in soil and sediment from this risk assessment was dual phased where maximum de&cted 
concentrations in soil and sediment were compared to whichever represented the smaller value - 
either RBCs and FSCGs for residential soil. If CPSS's maximum detected concentrations in 

soil and sediment exceeded the lowest chemical-specific RBCs or FSCGs for residential soil, 

they were evaluated further in the screening process with respect to reference concentrations. 

The maximum concentrations of CPSSs detected in groundwater and surface water were 
compared to RBCs for tap water as listed in the RBC screening table, maximum contaminant 

levels (MCLs), secondary maximum contaminant levels (SMCLs), and Florida Drinking Water 

Standards (FDWS). The maximum detected concentrations in shallow and intermediate depth 

groundwater and deep groundwater for the CPSSs were compared to the lowest of the four 
groundwater screening criteria. CPSSs with maximum detected concentrations that exceed their 

corresponding concentrations, goals, levels, and/or standards were retained for further evaluation 

and reference screening in the risk assessment. 

0 

Comparison of Site-Related Data to Reference Concentrations 
Reference data for Site 13 and OU 10 consist of soil and groundwater results for inorganic 
chemicals. Table 10-5 lists samples 01S67 and OlS69 which identify reference concentrations 
for inorganic chemicals detected in surface soil samples. These soil background data were 
approved by the Tier 1 partnenng team prior to use. Table 10-6 lists samples 01GS67Ft, 

01GS68R, 01GS69R and 01GS70R which identify reference wells used to derive shallow 

groundwater reference concentrations for inorganic chemicals. 
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Table 10.5 

Reference ' -Sufoca W(0 t o l F O d m )  

NAS-Pensa~da OU10 and Site 13 

P-, Fkridr 

Ahrminm 

Antimony 
Anrnic 

Barium 

Beryllium 

CIclmium 

Calcium 

Chromium 

Cobalt 

Copper 
Cyanide 

lrOn 

Lsad 

Magnesium 

Manganese 

-urY 
Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

92.5 

4.85 

1.7 

1.2 

ND 

ND 

35.7 

2.4 

ND 

5.1 

ND 

205 
0.44 

365 
1.7 

ND 
ND 

ND 

ND 

ND 

97.2 

ND 

1.6 

3.3 

12400 

4.8 

2 4  

10.1 

NO 

NO 

6740 
11.8 

ND 

5.1 

ND 

91 80 
m 
365 
63.7 

ND 
ND 

ND 

ND 

ND 

97.2 

ND 

20.5 

29 

1 01 6.0 

4.7 

0.78 

23 
NO 

NO 

456.2 

3.1 

ND 

29 

ND 

1372.5 

3.7 

66.7 

10.7 

NO 
ND 

ND 

ND 

ND 

53.9 

ND 

29  

8.4 

3833.8 

0.5 

1.6 

4.6 

mAppya#. 

W24 

6.2 

N d  Applicabk 

N d  Appkabk 

2745.0 

7.3 

133.4 

21.4 

5.7 

m- 
N d  Applicr#c 

N d  Applica#a 

N d  Applicr$k 

107.9 

Not A p p l i  

' 5.8 

16.9 

NOTES: 

NA l n d i i n o r p p l i t b n d u d h r r b w n ~ .  

ND Indies the chemicdwsr not detected inmywett. 
- AU units- in mi l l ignmr lk ikgnm(~ )  u n k s s ~ n d d .  
- One half thc detection hit was rpp&ed asthe default value for mndebcbto 

- Not Appl~cabte indies that no reference . WasestabWdhFynr 

compute the mean concanbation. 

thcchemicalwasnot~ect8drefer~bcdianampkr. 



Table 10-6 
Reference Concentrations - Shallow Groundwater 
NAS-Pensacda OU10 and Sie 13 
Pensacola, Florida 

FPDWS 
Parameter (WL) 

Sample Number 
01 GS67 01 GS68 01 GS69 01 GS70 

Aluminum 
Antimany 
A M l c  
Barium 

Cadmium 
Calcium 
Chramlum 
Cobalt 
coppar 
Iron 
Lead 

Barytlium 

- 
knganaw - 
Nickd 
Potwdun 
SOldUlll 
S h  
Sodium 
Thrwhnn 
v- 
zinc 

200' 
6 

50 
m 

4 
5 

NA 
100 
NA 

looo' 
300' 

15 
NA 
50' 

2 
100 
NA 
50 

100 
16MKw) 

2 
49 

5ooo' 

4240 
15.1 u 
1.4 U 
5.5 u 

0.55 u 
1.7 U 

4.85 u 
2.05 u 
5.4 u 
677 
0.8 U 
795 u 
6.7 
0.1 u 

l9.% u 
13300 

17800 

1.%U . 
2 u  

1 0700 
1.8 U 
7.9 

8.75 u 

146.5 u 
15.1 u 
1.4 U 

6.75 U 
0.55 u 
1.7 U 

5670 
2.6 U 

2.05 u 
5.4 u 
942 
0.8 u 
685U 
8.9 
0.1 u 

19.95 u 
1275 U 
1.95 u 

2u 
8350 

1.8 U 
3.75 u 
3.9 u 

3270 
15.1 U 
1.4 U 

9.45 u 
0.55 u 
1.7 U 

6300 
59.9 
2.05 u 
16.2 
1770 

0.8 U 
1255 u 
26.7 
0.1 u 

l9.% u 
6560 
l.% u 

2 u  
7830 

1.8 u 
3.75 u 
290 

109 u 
15.1 u 
1.4 U 

4.75 u 
0.55 u 

1.7 U 
5350 

2.6 U 
2.05 u 
5.4 u 

26.85 
0.8 u 

3030 
1.55 u 
0.1 u 

19.96 u 
3200 
1.95 u 

2 u  
9810 

1.8 
3.75 u 
3.75 u 

MbMI Reference 
c m  ConcantmthM 

NOTES: 

1909.4 
NO 
NO 
NO 
NO 
NO 

8780.0 
16.2 
NO 
6.1 

853.9 
NO 

1096.9 
10.8 
NO 
NO 

5924.4 
NO 
NO 

91 72.5 
NO 
3.4 

74.6 

3818.9 
WAPP-b 
WApplW 
WApplkabb 

NdApplkabb 
NdApplkabb 

17560.0 
32.5 

12.2 
1707.8 

WMm=bb 
2193.8 

21 .5 
NdMv-- 
wAp(rlleclbb 

11W.8 
"d Apglol#. 

Nd- 
10348.0 

MApqlFlbb 
6.8 

14.1 

w-' 
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comacd Final Remedial Inwstigation Rqwrt 
NAS Pensmh Openable Unit 10 and Site 13 

&don 10 -Baseline Ripk Ass-nt 
sq3tember 1995 

*Soil and groundwater CPSSs that exceeded Screening concentrations, goals, levels, and/or 

standards were compared to reference concentrations established for Site 13 and OU 10. The 

procedure for comparing the concentrations of inorganic chemicals onsite with those in reference 
samples is referred to as the 2X reference rule or the “twice refmce criterion.” If inorganic 
CPSSs from Site 13 and OU 10 maximum detected concentrations exceeded corresponding 
reference concentrations, they were retained for further consideration for inclusion as a COPC 
in the BRA. This comparison assists in accounting for naturally occurring chemicals that are 
ubiquitous in nature (aluminum, silicon, chloride, etc.). Those chemicals with maximum 

concentrations less than 2X reference are not considered further in this risk assessment unless 
deemed appropriate based on chemical-specific characteristics. 

For organic CPSSs, a reference location comparison can be applied to eliminate chemicals from 
the risk assessment under certain site conditions (Le., widespread impacts due to adjacent 

industrial area). However, it was assumed that organic chemicals were not present in reference 
samples for purposes of the OU 10 BRA. 

Elimination of Essential Elements: Calcium, Iron, Magnesium, Potassium, and Sodium 

In accordance with RAGS Part A, essential elements that are potentially toxic only at extremely 
high concentrations may be eliminated from further consideration as COPCs in a risk 
assessment. Specifically, an essential nutrient may be screened out of a risk assessment if it is 

shown to be present at concentrations that are not associated with adverse health effects. Based 
on RAGS, the lack of risk-related data, and USEPA’s recommendations, the following essential 

nutrients were eliminated from the human health risk assessment: calcium, iron, magnesium, 

potassium, and sodium. 

Calculation of Risk and Hazard 

Those CPSSs with chemical-specific exceedances of RBCs, FSCGs, MCLs, SMCLs, FDWS and 

reference concentrations are considered to be COPCs. The final step in the identification of 

10-18 



corrccrbd Find Rmcadiot lnvvstgatwn Rqwtt 
NAS Pensaada Operable Unit 10 and Site 13 

Section 10 - &uclinc Risk hammu 
scprabrr 1995 

COCs from the refined list of CPSSs involves calculation of chemical-specific cancer risks and 

hazard quotients for COPCs, and evaluation of frequency and consistency of detection and 

relative chemical toxicity. 

An individual cancer risk threshold of 106, based on USEPA standard limits, was used in the 

COC selection process only if the corresponding exposure pathway resulted in a total cancer risk 
of 106 or greater. Any COPC meeting the criteria has been retained as a COC. COPCs have 
also been retained as a COC if they contribute to hazard index of 1 or greater for an exposure 
pathway and have a calculated hazard quotient of at least 0.1. Section 10.4, Toxicity 

Assessment, provides a more detailed discussion of cancer risk and noncancer toxicity 

thresholds. 

10.2.5 COPCs in Soil 

Tables 10-7 and 10-8 list the maximum detected concentrations of CPSSs in OU 10 and Site 13 

soils, respectively, with their corresponding chemical-specific RBCs and/or FSCGs for 

residential soil and their twice-reference criterion. The symbol "** next to the chemical name 

identifies COPCs in OU 10 and/or Site 13 soils, CPSSs that exceed the lowest of soil RBCs and 

FSCGs, and reference concentrations. The numbers '1' and '2' note CPSSs retained for further 
evaluation in this risk assessment due to maximum detected concentrations exceeding soil 
RBCs/FSCGS and/or reference concentrations. 

0 

10.2.6 COWS in Groundwater 

Tables 10-9 and 10-10 list the maximum detected concentrations of CPSSs in shallow and 

intermediate depth groundwater and deep groundwater, respectively, with their corresponding 

chemical-specific levels/standards for groundwater and twice-reference criterion. COPCs 
identified in groundwater, CPSSs that exceed the lowest of the four groundwater criteria and 

reference concentrations, are denoted with the symbol '*' next to the chemical name. Those 
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Tabk 10-7 
ChcmiWh i4ected in OUlO Surface Soil (0-1') 
NAS Pensacoh, OUlO 
Psnracds, Fkrkle 

Parameter 
FnquamY of 

Dctectian 

17 I18 
3 I10 

17 118 
7 I18 

16 I18 
17 I18 
4 I18 

13 I18 
4 I10 

18 I10 
16 I10 
15 I10 
18 I18 
5 I18 
2 19 
6 118 
6 I10 

11 110 
7 19 
1 I10 
9 19 

10 118 
4 19 

18 I18 
2 117 
7 117 
4 I17 
4 I17 
4 I17 
1 I17 
3 I17 
2 I17 

Default 
CUlCOlltrataian 

( W e )  
EPA - ENSAFE 

NA - 66.5 
NA - 0.31 
0.5 - 0.41 

0.25 - 0.5 
25 - 49.3 
0.5 - 0.6 
0.5 - 0.9 
0.5 - 0.6 

0.105 - 0.255 
34.5 - 37.45 

2 - 0.85 
5 - 5.25 

0.5 - 0.8 
0.025 - 0.05 

0.5 - NA 
4 - 1.15 

0.5 ,- .0.65 
50 * 40.75 
0.5 - NA 
NA - 0.205 

1.45 - NA 
0.5 - 0.5 
0.5 - NA 

0.55 - 1.2 
NA - o.oooM5 
NA * 0.000042 
NA - O.ooOo70 
NA - 0.oOoMJ 
NA - 0.000060 
NA - 0.000090 
NA - 0.000060 
NA - O.OOO18 

193 - 17500 
0.94 - 3.5 
0.82 - 55.5 
1.4 - 23 
80 - 12Ooo 
1.0 - 910 
1.1 - 1,4 
1.1 - 59 

0.25 - 7.5 
74.9 - 7500 
1.7 - 61.5 

10.5 - 620 
1 - 537 

0.12 - 0.56 
1 - 1.2 

3.5 - 70 
1.4 - 13 

01.5 - 103 
1.2 - 47 

0.47 - 0.47 
2 3 - 5 3  
1.7 - 21.0 
1.3 * 1.85 
1.1 - 130 

O . m u 9 0  - 0.002 
0.000083 - 0.042 
0.00014 - 0.021 

0.- - 0.00015 
0.00016 - 0.0048 
0.00018 - O.oo018 
0.00016 - 0.0023 
o.oow(I - 0.0022 

Mean 
of Hits 

( W g )  

3888 
1.79 
14.5 
11.7 
271 4 
195.3 
1.24 
10.3 
2.1 

651.5 
24.73 
169.6 
55.19 
0.31 
1 .l 

37.75 
7.21 

1123 
18.76 
0.47 

35.67 
8.48 
1 .se 

30.1 1 
0.00105 
0 . m 1  
0.00563 
0.00008 
0.W202 
0.00018 
0.001 1 

0.001 28 

3700 RBCr 
0.37 RBCr 
550 RBCr 
3.9 RBCr 
NA 
39 RBCr 

470 RBCr 
290 RBCl 
1 0  RBCr 
NA RBCr 6 CG 
400 €PA 
NA 
3Q RBCl 
2.3 RBCr 
39 RBCr 

160 RBCl 
39 RBCl 
NA 

4700 RBCr 
0.63 RBCr6 CG 
NA 
55 RBCr 
NA RBCr8 CG 

2300 RBCr 
2.7 RBCr 
1.9 RBCr 
1.9 RBCr 

0.038 RBCr 
0.04 RBCr 

47 RBCr 
47 R B C ~  
2.3 RBCl 

38331 2 
1.56 1 2 
4.63 2 
NA 1 2 

912.4 1 2 
6.1 1 2 
NA 2 
5.7 2 
NA 2 

2745.0 1 2 
7.3 2 

133.3 1 2 
21.4 1 2 
NA 2 
NA 2 
NA 2 
NA 2 

107.9 1 2 
NA 2 
N A 2  
NA 1 2 
5.8 2 
NA 1 2 

169 2 
NA 2 
NA 2 
NA 2 
NA 2 
NA 2 
NA 2 
NA 2 
NA 2 
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TaMc 10-7 
C h h l s  Detected in OUlO Surface Sol1 (0-1') 
NAS Pefmda, OUlO 
Penaacda, Fkrkla 

Paramter 
Frquency of 

Dctedioll 

3 I17 
1 I17 
1 117 
1 I17 
5 I17 
4 117 
1 I17 
1 117 
3 I17 
119 
1 I18 
1 118 
1 I18 
1 I18 
4 118 
2 118 
4 118 
1 118 
1 118 
1 118 
1 I18 
1 I18 
3 I18 
1 118 
2 I18 
1 I18 
3 I18 
2 118 
4 I18 
1 I18 
1 I18 
3 I18 

Default 
Concantntion 

( W a )  
EPA - ENSAFE 

NA - O.oo023 
NA - O.oooM1 
NA - 0.000065 
NA - 0.00012 

0.08 - O.Oo305 
NA - 0.000045 
NA - O.ooOo75 
NA - 0.000050 

0.0039 - o.oom32 

NA - 0.0495 
NA - 0.0115 
NA - 0.17 
NA - 0.1 
NA - 0.0275 
NA - 0.0255 
NA - 0.0275 
NA - 0.17 

0.65 - 0.02 
NA - 0.0295 
NA - 0.06 
NA - 0.0435 
NA - 0.0196 
NA - 0.035 
NA - 0.02 
NA - 0.0245 
NA - 0.0235 

0.00265 - NA 

0.0037 - 0.005 
0.0039 - 0.005 

0.0029 - 0.005 
O.O[n15 - 0.005 

NA - 0.0035 

o.ooo46 - 0.0039 
0.00013 - 0.00013 
0.00013 - 0.00013 
0.00024 - 0.00024 
0.0081 - 0.405 

0.000090 - 0.029 
0.00015 - 0.00015 
o.ooo1 - o.ooo1 

0.000084 - 0.0011 
0.00815 - 0.00815 

0.099 - 0.m 
0.23 - 0.23 
7.5 - 7.5 
0.2 - 6.2 

0.051 - 5.3 
0.0275 - 7 

0.0275 - 7 
0.83 - 0.83 
0.57 - 0.57 

0.059 - 0.059 
5.0 - 5.0 
1.4 - 1.4 

0.039 - 4.8 
0.07 - 0.07 
0.04 - 4.8 
1.5 - 1.5 

0.047 - 8.6 
0.0074 - 0.017 
0.0078 - 0.02 
0.007 - 0.007 

0.0068 - 0.0068 
0.0043 - 0.0071 

Mccwr 
of Hlb 

(mance) 
0.00162 
0.00013 
0.00013 
0.00024 

0.405 
0.00739 
0.00015 
o.ooo1 

0.00264 
0.00615 

0.099 
0.23 
7.5 
6.2 

1 .TI 
2.675 
1.77 
0.83 
0.57 

0.069 
5.6, 
1.4 

1 .a2 
0.07 
242 
1.5 
2.9 

0.01 22 
0.01 2 
0.007 

0.0058 
0.0061 

2.3 RBCr 
0.14 RBCr 
0.07 RBCr 

39 RBCr 
0.063 RBCr 
0.49 RBCr 
0.1 RBCr 

0.49 RBCr 
0.49 RBCr 
NA RBCr8 CG 
470 RBCr 

2300 RBCr 
0.68 RBCl 

0.068 RBCr 
0.88 RBCr 

14 CQ 
8.8 RBCr 
0.3 CQ 
45 RBCr 
35 co 
88 RBCI 

0.068 RBCr 
310 RBCr 
310 RBCr 
0.88 RBCr 
1200 CQ 
230 RBCr 
6400 co 

0.4 CO 
19 CQ 

6400 CQ 
270 CQ 

NA 2 
NA 2 
NA 2 
NA 2 
NA 1 2 
NA 2 
NA 2 
NA 2 
N A 2  
NA 1 2 
NA 2 
NA 2 
NA 1 2 
NA 1 2 
NA 1 2 
NA 2 
NA 2 
NA 1 2 
N A 2  
NA 2 
NA 2 
NA 1 2 
NA 2 
NA 2 
NA 1 2 
NA 2 
NA 2 
NA 2 
NA 2 
NA 2 
NA 2 
NA 2 
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Table 10-7 
Chemicals Detected in OUlO Surface Sail (0-1') 
NAS P~~sacola, OUlO 
Pensacoh, Florida 

Parameter 

Default 
Concentration 

Frequency of (msnca) 
DetccHon EPA - ENSAFE 

NOTES: 
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Table 10-8 
Chemicals Detected in Site 13 Surface Soils (0-1') 
NAS Pensacola, Site 13 
Pensacola, Florida Range of 

Default Detected Mean Screening 
Frequency of Concentration Concentrations of Hits Value 

Parameter Detection (manes) (manes) (manta) tmanca) Saw- 

Chromium 
Strontium 
TIanium 
zinc 
Aluminum 
Manganese 

Magncdum 
Iron 

Cakium 

3 14 
114 
4 I 4  
114 
4 I 4  
2 14 
2 14 
2 14 
4 14 

0.5 
0.5 
1.45 
0.55 
NA 
0.5 
25 
5 

NA 

1 -  
2 3 -  
2.9 - 
1.2 - 
74 - 

1 -  
100. - 
12 - 
6 9 -  

1.8 
23 
5.3 
1.2 
100 
3.5 
4700 
40 
150 

1.33 
23 

4.55 
1.2 

84.75 
2.25 
2400 
26 
100 

39 RBCr 
4700 RBCr 

2300 RBCr 
3700 RBCr 

39 RBCr 
NA 
NA 
NA 

NA 

6.1 
NA 2 
NA 1 2 

16.9 
3833 
21.4 

912.4 1 2 
133.3 1 
2745 1 
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TaMe 10-9 
Chemicals Sampled in Shallow and Intermediate Groundwater 
ComMned Shalkw and Intermediate Water Bearing Zones 
NAS Pensamla, OU10 and Site 13 Combined 
Pensamla, Florida 

, 

10 127 
1 127 

11 127 
4 127 
7 127 

11 127 
1 127 
2 127 
1 127 
2 127 
2 127 
1 127 
3 127 
1 I27 

27 I27 
13 127 
27 127 
1 127 
1 I27 
1 127 

27 127 
4 127 

15 127 
1 127 
1 I27 

0.001 
O.ooo5 
O.ooo5 
0.001 5 
O.ooo5 
O.ooo5 
O.ooo5 
0.001 
0.001 

0.000008 
0.0000015 

0.001 
O.ooo5 
0.005 

0.17% 
0.0015 

0.00385 
0.0015 
O.ooo5 
0.- 

1.35 
0.0015 
O.ooo5 
0.002 
0.001 

0.002 - 0.2 
0.001 - 0.001 
0.001 - 1.2 
0.003 - 0.012 
0.001 - 0.7 
0.001 - 0.7 
0.001 - 0.001 
0.002 - 0.012 
0.002 - 0.002 

0 . m 1 2  - 0.000042 
0.0000029 - 0.0000095 

0.002 - 0.002 
0.001 - 0.026 
0.03 * 0.03 

0.359 - 33.8 
0.0031 - 0.0187 
0.0077 - 0.0935 
0.003 - 0.003 
0.088 - 0.068 

0.0202 - 0.oZcn 
2.7 - 169 

0.003 - 0.007 
0.001 - 0.34 
0.004 - 0.004 
0.002 - 0.002 

0.068 
0.001 
0.284 

0.0075 
0.218 
0.171 
0.001 
0.001 
0.002 

2.7E-05 
6.2E46 

0.002 
0.0153 

0.03 
4.94 

0.009 
0.0372 
0.003 
0 .00  
0.02 
30.34 
0.005 
0.08 

0.004 
0.002 

0.081 RBC 
0.019 RBC 
0.027 RBC 

0.0056 RBC 

O.ooo44 RBC 
0.01 FSDWS-OL 

0.004 FSDWS-OL 
0.004 FSDWS-OL 
0.018 RBC 

O.OOO1 FDWS 
0.6001 FDWS 

3 FSDWS-OL 
0.02 FSDWS-OL 
0.37 RBC 
0.2 FSDWS-OL 

0.000038 RBC 
0.26 RBC 

0.000380 RBC 
0.- RBC 
0.0018 RBC 

0.0021 RBC 
0.0039 RBC 

0.14 FDWS 
0.29 RBC 

NA 

NA 1 
NA 
NA 1 
NA 1 
NA 1 
NA 1 
NA 
NA 1 
NA 
NA 
NA 
NA 
NA 1 
NA 

3.82 1 
NA 1 

NA 1 
NA1 

0 . m  1 
8.78 1 
NA 1 
NA 1 
NA 
NA 

0.743 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
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Table 10-9 
Chemkak Sarnpkd in Shallow and Intenwdiate Groundwater 
Combined Shallow and Intermediate Water Bearlng Zones 
NAS Pensacola, OU10 and Sire 13 Combined 
Pensacola, Florida 

, 

14 127 
3 I27 
4 127. 
1127  
1 127 
1127 
1 I27 
1 I27 
1 127 
1 I27 
1127 

27 127 
13 127 
27 I27 
27 I27 
16 I27 
2 I27 
2 127 

16 I27 
1 I27 
2 I27 

27 127 
5 127 
3 I27 
4 I27 

0.005 
0.0125 

0.000001 4 
0.000001 1 
0.000050 
o.oooo19 
O.ooOo15 

0.000001 1 
0 . W  

0.00000055 
0.001 5 
0.2335 
0.001 

0.4905 
0.0041 
o.ooo1 
0.005 
0.001 
1.975 

0.0015 
0.0025 
0.775 
0.001 

0.0015 
O.OOO5 

0.0107 - 
0.0309 - 

0.0000027 - 
0.0000021 - 

o.ooo19 - 
0.000037 - 
0.000030 - 

0.0000022 - 
0.004 - 

0.0000011 - 
0.003 
0.487 - 

0.0021 - 
0.981 - 

0.0002 - 
o.Ooo21 - 

0.026 - 
0.002 - 
5.05 - 

0.0139 - 
0.001 - 
1.56 - 

0.002 - 
0.008 - 
0.001 - 

0.0757 
0.0537 
o.ooOw2 
0.0000021 
o.Ooo19 
0.000037 
0.000030 
O.ooM)(m 
0.004 
0.000001 1 
0.003 
26 
0.0182 
348 
0.501 
0.0015. 
0.038 
0.01 
109 
0.01 39 
0.01 
2940 
0.005 
0.19 
0.01 

0.0228 
0.0298 

1.3E.05 
2E46 

O.OW1Q 
3.7E.05 

3E05 
2E46 
0.001 

l.lE48 
0.002 
5.73 

0.oOtz 
20.5 

0.113 
0.0006 
0.032 
0.006 
31 .S 

0.01 4 
0.oOLIs 

31 1 
0.0027 
0.0111 

0.- 

0.018 RBC 
0.14 RBC 

0.0000W2 RBC 
O.ooo36 FDWS 
O.OOO35 FDWS 

O.OW3 FDWS 
0.001 FDWS 
0.001 FDWS 
0.03 FSOWSOL 

0.0000023 RBC 
O.OOO75 RBC 

NA 

NA 
0.015 TTAL 

0.010 RBC 
0.0011 RBC 
0.00811 FSDWS-OL 

0.01 FSDWS-OL 
NA 

0.018 RBC 
0.018 RBC 
NA 
ai FPDWSM 

O.oM1 RBC 
0.04 FSDWS-OL 

0.0325 1 2 
0.0122 2 

NA 1 2 
NA 2 
NA 2 
NA 2 
NA 2 
NA 2 
NA 2 
NA 2 
NA 1 2 

1.71 1 2 
NA 1 2 

2.19 1 2 
0.0221 2 

NA 1 2 
NA 1 2 
NA 2 

11.85 1 2 
NA 2 
NA 2 

18.4 1 2 
NA 2 
NA 1 2 
NA 2 
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Table 10-9 
Chemhlr Sampled in Shallow and Intermediate Groundwater 
Combined Shallow and Intermediie Water Bearing Zones 
NAS Pensamla, OU10 and Site 13 Cambimd 
Pensamla, Florida 

, 

Trichloroahme 
Vanadium 
VinylChkrida 
xvkne (tow 
Zinc 
.Iph.-BHC 
dalb-BHC 
gamm-BHC (Lindane) 
ganuna-chbrdana 

4 127 
6 127 
1127 
4 127 

26 127 
1127 
1127 
1127 
1 In 

0.001 
0.0075 
0.005 
0.002 

0.0015 
0.000003 

0.0000008 
o.ooo011 

0.00000086 

0.002 
0.01 59 
0.01 5 
0.004 

0.0044 
0.0000052 
0.000001 5 
0.000022 

0.000001 3 

0.007 
0.076 
0.015 
0.01 
0.208 
0.0000052 
0.000001 5 
0.000022 
0.000001 3 

0.0043 
0.0393 
0.015 
0.008 
0.052 

5.2E46 
1.5E-06 
2.2E-05 
1.3E-06 

0.0016 RBC 
0.028 RBC 

O.ooo019 RBC 

1.1 RBC 
O.oooO11 RBC 
O.oooO11 RBC 
0.000052 RBC 
0.000052 RBC 

0.02 FSDWS-OL 

NA 1 2 
0.007 1 2 

NA 1 2 
N A 2  

0.149 2 
NA 2 
NA 2 
NA 2 
NA 2 

10-26 



Table 10-10 
Chemicals Detected In Deep Groundwater 
NAS Pensacola, OUIO 
Pensacola, Florida 

Range of 
’ Defautt Detected Screening Reference 

Frequency of Concentration Concentrations Values Values 
C hemical Detection (1 ) (mglL) (2) (mglL) (mglL) Source (mglL) Notes 

Aluminum 
Arsenic 
Barium 
Calcium 
C hromium 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Potassium 

* Sodium 
Vanadium 
Zinc 

1 I 1  
1 I 1  
1 1 1  
111 
111 
1 I 1  
1 I 1  
1 11 
ill 
111 
1 I 1  
1 I 1  
1 11 
1 I 1  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

11.8 
0.0048 
0.0448 

33.5 
0.027 
9.95 

0.0046 
10.3 

0.0863 
o.Ooo41 

10.5 
187 

0.0226 
0.0956 

0.2 FDWS 
O.oooO38 RBC 

0.26 RBC 
NA RBC 

0.018 RBC 
NA 

0.015 TfAL 
NA 

0.018 RBC 
0.0011 RBC 

NA 
NA 

0.026 RBC 
1.1 RBC 

NOTES : 
Identified as a chemical of potential concern based on screening procedures described in the text of the 
repart. 

1 The screening value was exceeded by the maximum cmcmhkm . detected. 
2 The reference concentrotion was exceeded by the maximum cancentration detected. 

TTAL The treatment 
NA Notavailabb. 

action kvd was ured 8s 8 scruening v a b  for bad. 

FPDWSIM Fbrida primary drinking water standard and fodemIMlwimum Conbmir#nt Levd (MCL). 
RBC USEPA Region 111 risk-based screening ammtrhm * fartapwater. 

- The lessorof one-hatfthe quantibbjon limit a d  lowest rqmted daection was used as the default valw for 
all non-dstocts; because only one deep well was samplsd thh turm could not be defined for chemicals 
detected m dwp grwndwpter. 

- No man ofhb  providsd because only one deep monitoringwdlwas sampled. 

.3.82 1 2 
NA 1 2 

0.746 
8.78 1 2 

0.0325 1 
1.71 1 2 

NA 2 
2.19 1 2 

0.0221 2 
NA 2 

11.85 1 

0.007 2 
0.149 

18.4 i 2 
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Corrected Final Runedial Investigation Report 
NAS Pensamla Operable Unit 10 and Site 13 

Section 10 - Baseline Risk Assexsment 
September 1995 

CPSSs retained for further evaluation in this risk assessment due to their maximum detected 

concentrations exceeding the lower of the four groundwater criteria and/or reference 

concentrations are denoted in the tables by the numerical symbols of "1" and "2", respectively. 

10.2.7 COPCs in Surface Water 

Table 10-1 1 lists the maximum detected concentrations in surface water with their corresponding 

chemical-specific levels/standards for groundwater. An asterisk (*) marks COPCs identified in 
surface water and CPSSs that exceed the lowest of the four groundwater criteria. A " 1 " notes 

CPSSs retained for further evaluation in this risk assessment due to maximum detected 

concentrations exceeding the lower of the four groundwater criteria. 

10.2.8 COPCs in Sediment 

Tables 10-12 and 10-13 list the maximum detected concentrations of COPCs in OU 10 and 

Site 13 sediments, respectively, with their corresponding chemical-specific RBCs and/or FSCGs 
for residential soil. An asterisk (*) marks COPCs identified in OU 10 and Site 13 sediments 

and CPSSs that exceed the lowest of soil RBCs and FSCGs. A "1" notes CPSSs retained for 

further evaluation in this risk assessment due to maximum detected concentrations exceeding soil 

RBCs/FSCGs. 

0 

10.2.9 COPCs in All Media Sampled 

Table 10-14 summarizes the results of the screening procedure and present reference 

concentrations used to identify COPCs. The table also lists the ranges of detected concentrations 

for COPCs in soil, groundwater (shallow/intermediate and deep), surface water and sediment 

(OU 10 and Site 13). 
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Table 10-1 1 
Chemicals Detected in OUlO Surface Wafer 
NAS Pensacola, OUlO 
Pensacola, Florida 

Range 
Default of Detected Mean Screening 

Parameter Detection (mg/L) (mglL) (mglL) (mglL) 
Frequency of Concentration Concentrations of Hits Values Source Notes 

Aluminum 
Barium 
Cadmium 
Calcium 
Chromium 
Iron 
Lead 
Magnesium 
Manganese 
Sodium 
Zinc 
4,+-DDD 
4,+-DDE 
4,4-DDT 
Heptachlor epoxide 
alpha-BHC 
alpha-C hlordane 
gamma-Chlordane 
Toluene 
Xylene (total) 

4 I 4  
4 I 4  
114  
4 I 4  
114  
4 I4 
114  
4 14 
4 I 4  
4 I 4  
4 I 4  
2 14 
4 14 
2 I 4  
1 1 4  
2 14 
1 1 4  
2 14 
1 1 4  
3 14 

0.348 
0.00595 
0.0026 

6.45 
0.005 
0.404 
0.001 
1 A75 

0.00585 
2.525 

0.01 45 
o.ooo021 

0.000001 1 
0.0000040 

0.06000065 
0.0000014 

0.06000065 
0.000001 5 

0.001 
O.ooo5 

0.696 
0.01 19 
0.0052 

12.9 
0.01 08 

0.808 
0.0024 

2.95 
0.01 13 

5.05 
0.029 

0.000041 
0.0000Ml 
0.0000080 
0.000001 3 
0.0000M7 
0.000001 3 
0.0000030 

0.002 
0.001 

1.28 
0.0161 
0.0052 
14.5 
0.01 08 
5.1 1 
0.0024 
5.47 
0.28 
24.5 
0.0392 
0.m11 
0.000045 
0.000047 
0.000001 3 
0.0000043 
0.000001 3 
0.0000034 
0.002 
0.002 

0.92 
0.01 3 

0.0052 
13.6 

0.0108 
1.95 

0.0024 
4.8 

0.087 
17.9 

0.036 
O.oooO76 
O.oooO18 
0.000028 

0.0000013 
0.0000035 
0.000001 3 
0.0000032 

0.oM 
0.0017 

0.2 FDWS 
0.26 RBC 

0.0018 RBC 
NA 

0.018 RBC 
NA 

0.015 TTAL 
NA 

0.018 RBC 
NA 
1.1 RBC 

O.OOO1 FDWS 
0.001 FDWS 
O.OOO1 FDWS 

0.0000012 RBC 
O.oooO11 RBC 
0.000052 RBC 
0.000052 RBC 

0.04 FDWS 
0.02 FDWS 

NOTES: 
Identified as a chemical of potential CO(ICCITI based on evaluation of data according to screening procedures 
described in text of report. 

TTAL The treatment techniqucbased action lavel was used 8s a screening value for lead. 
NA Not avallabklnot appliibk. 

FDWS Florida drinking water standard. 
RBC USEPA Region ill Risk based screening concmtration for tap water. 

- The lesser of omhalf the quantitaion limit and ons-half lowest repotted hil was used as the default concentration 
(listed in Table 10.1 1. above) lor all non-dctects. 

1 

1 
1 

1 

1 

1 
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Table 10-12 
Chemicals Detected in OUlO Sediment 
NAS Pensamla, OUlO 
Pensacola, Florida 

Range 
Default of Detected Mean Screening 

Frequency of Concentration Concentrations of Hits Value 

Parameter Oetaction (mglkg) (mglkg) (mglkg) (mancg) Source Not- 

Aluminum 
Arsenic 
Barium 
Cadmium 
Calcium 
Chromium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Silver 
Sodium 
Zinc 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Arodw 1260 
Dieldrin 
Endosulfan I 
Endrin 
Endrin aldehyde 

4 14 
3 14 
4 1 4  
2 14 
4 14 
4 14  
2 14 
4 14 
4 14 
2 14 
4 14 
1 1 4  
1 1 4  
4 14 
4 14 
4 14 
4 14 
4 14 
2 14 
2 14 
1 1 4  
2 14 
1 1 4  
1 1 4  

94 
0.31 
0.6 
0.5 

27.75 
1.05 
2.55 
58.5 
0.65 
57.5 
0.65 
3.9 
2.5 

49.2 
0.8 

O.ooo38 
O.ooo8 

0.00175 
O.ooOo78 

0.01 2 
O.OOO39 
0.00013 
o.ooo41 
0.00022 

1100 
0.82 

1.6 
2.8 
155 
9.3 
9.3 
710 
5.3 
223 
4.1 

52.1 
3 

122 
8 

0.025 
0.018 

0.0062 
O.ooOo78 

0.01 2 
O.ooo39 
0.00013 
o.ooo41 
O.OOO53 

41 50 
6.2 
15.1 
34.6 
2760 
1180 
45.1 
1210 
161 
242 
27.1 
52.1 
3 
482 
115 
0.14 
0.12 
0.057 
0.00012 
0.049 
0.- 
0 . m 1  
o.Oo041 
O.OOO53 

2560 
2.8 
7.5 

18.7 
1110 
322 
27.2 
1035 
44.6 
233 
13.3 
52  1 
3 

224 
45.0 

0.058 
0.053 
0.019 

0.000089 
0.031 

O.ooo38 
O.oo018 
o.Ooo41 
O.OOO53 

3700 RBCr 
0.37 RBCr 
550 RBCr 
3.9 RBCr 
NA 
39 RBCr 

290 RBCr 
NA 
400 €?A 
NA 
39 RBCr 

le0 RBCr 
39 RBCr 
NA 

2300 RBCr 
2.7 RBCr 
1.9 RBCr 
1.9 RBCr 

0.038 RBCr 
0.083 RBCr 
0.04 RBCr 

47 RBCr 
2.3 RBCr 
2.3 RBCr 
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Table 10-12 
Chemicals Detected in OUlO Sediment 
NAS Pensamla, OUlO 
Pensamla, Florida 

Range 
Default ofDeteCted Mean Screening 

Frequency of Concentration ConCentntions of Hits Value 
Parameter Detedon (rnglkg) (Wkg)  (mglkg) (mglkg) Source Notes 

Heptachlor epoxide 2 14 0.000235 0.0001 - o.Ooo84 0.00047 0.07 RBCr 
0.00013 - O.ooo96 O.ooo39 0.49 RBCr alpha-Chlordane 3 14 0.00013 

delta-BHC 2 14 o.Ooo42 0.00042 - o.ooo88 O.ooo56 0.1 RBCr 
gamma-BHC (Lindane) 2 I 4  O.ooOo74 O.ooOo74 - 0.00012 0.000097 0.49 RBCr 
gamma-Chlordane 3 14 0.00027 0.00027 - 0.00082 O.OOO54 0.49 RBCr 
Fluoranthene 1 1 4  0.0385 0.043 - 0.043 0.043 310 RBCr 

NOTES: 
Retained as a chemical of potentjal concern based on comparison to the most conservative scrwdng value. 

1 Maximum detected exceeds the rwidentkl risk-bsed screening value. 
CG andlor RBC Residential screening value from FDEP or USEPA Region 111 ScrSening Concentration Table (March 1994). 

RBCr USEPA Region 111 residential Rmk Based Screening Vplw, Mwch 1994 Tam. 
CG FDEP residential soil screening value. 
NA Indites not available. 

- CG are based on noncarcinogenic or cardnogenic effects; scrwnhg values for aggregate residmb wum used 
for carcinogen based CG, and child expcsun (more cc)nmWm ' )wasusedfornoncar~mtmsedCG. 

- The screening value for endrin was used aa 8 sumgate for endrin aldehyde based on strwtud similarity. 
- The screening value for cobalt was o b t a i i  from the Third Quarter Risk Based Concentration Table, EPA 

- The kserof &If the quantitption limit and one-hatfkwsa& hit was used as the defrultconwnWh 

- The screening value for alpha-BHC was used as a surrogate for detta-EHC due to sbudural s i d d t y ;  W RfD 

Region 111; the value in the tabla was adjusted from a target hazard quotient of 1.0 to 0.1. 

( l i  in Table 10.12, rbws) for dl nodeto&. 

i s t h a m o a ~  * scra6ning value of the BHC isomers. 
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Table 1013 
Chemicals Detected in Site 13 Sediment 
NAS Pensacola, Site 13 
Pensacola, Florida 

Range 
Default of Detected 

Frequency of Concentnth Concentrations Screening 
Parameter Detection ( m a )  (msncs) Value ( m g )  Source 

Aluminum 
Arsenlc 
Barium 

' Beryllium 
Cadmium 
Calcium 
Chromium 
Cabah 
Copper 
iron 
Lead 
Magnesium 

' Manganese 
Mercury 
Nickel 
Potasslum 
Selenium 

' Sodium 
Vanadium 
zinc 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
PCB Aroclor-1254 
PCB Amlor-1260 
Endrin aldehyde 
Heptachlor cpoxlde 

7 17 
4 17 
5 I 7  
1 1 7  
2 17 
7 17 
6 I 7  
1 1 7  
2 17 
7 17 
7 17 
5 17 
6 17 
1 1 7  
1 1 7  
1 1 7  
1 1 7  
7 I 7  
5 17 
7 17 
5 17 
5 I 7  
2 17 
1 1 7  
3 17 
3 17 
1 1 7  

94 
0.31 
0.6 

0.31 
0.5 

27.75 
1.05 
1.25 
2.55 
50.5 
0.65 
57.5 
0.65 
0.05 
3.9 
407 

0.31 
49.2 
1.55 
0.8 

O.ooo38 
O.ooo8 

0.00175 
0.007 
0.008 

O.OOO22 
O.ooo235 

188 
0.8 
3.4 
1.4 
1.4 

55.5 
3.6 
6.8 

17.3 
117 
1.3 
541 
1.7 

0.31 
20.3 
1830 

5.8 
98.4 
5.5 
1.6 

0.00072 
0.0016 
0.0058 
0.01 4 
0.01 6 

O.oow4 
0.00047 

26600 
16.7 
33.9 
1.4 
5.9 
7620 
159 
6.8 
35.7 
27WO 
108 
7920 
143 
0.31 
20.3 
1830 
5.8 
869 
71.9 
178 
0.0052 
0.01 
0.014 
0.014 
0.031 
0.0013 
0.00047 

23OOO RBCr 
0.37 RBCr 
550 RBCr 
0.15 RBCr 
3.9 RBCr 
NA 
39 RBCr 

410 RBCr 
290 RBCr 
NA 
NA 
NA 
39 RBCr 
2.3 RBCr 
160 RBCr 
NA 
39 RBCr 
NA 
55 RBCr 

2300 RBCr 
2.7 RBCr 
1.9 RBCr 
1.9 RBCr 

0.083 RBCr 
0.083 RBCr 

2.3 RBCr 
0.07 RBCr 
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Table 10-13 
Chemicals Detected in Site 13 Sediment 
NAS Pensacola, Site 13 
Pensacola, Florida 

Range 
Default of Detected 

Frequency of Concentration Concentrations Screen I ng 
Parameter Detection (msnca) (msncg) Value (mgkg) Source 

Benzo(a)anthracenc 

Benzo( b)flumnt hene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Fluoranlhene 
lndeno(l,2,3cd)pyrene 
Phenanthrene 
Pyrene 

Benzo(a)pyrene 

NOTES: 

CG and/or RBC 
RBCr 

CG 
NA 

3 I 7  
1 1 7  
3 17 
3 17 
1 1 7  
1 1 7  
3 17 
1 1 7  
1 1 7  
3 17 

0.026 
0.09 
0.03 
0.03 
0.07 

0.035 
0.0385 

0.1 1 
0.0495 
0.0355 

0.052 
0.18 
0.06 
0.06 
0.14 
0.07 

0.077 
0.22 

0.099 
0.071 

0.18 
0.18 
0.21 
0.21 
0.14 
0.07 
0.26 
0.22 
0.099 
0.25 

0.88 RBCr 
0.088 RBCr 
0.88 RBCr 
1.21 CG 
12.1 CG 

0.088 RBCr 
310 RBCr 
0.88 RBCr 
230 RBCr 
230 RBCr 

Retained as a chemkal of potential concern based on comparison to ths most corwmratb screening nb. 
Residential screening value from FOEP or USEPA Regbn 111 !kmdng Conccntntkn Table (March 1994). 
USEPA R c g h  111 rcrldrnud Risk Sased Smenhg Value, March 1994 Tabk. 
FDEP midentid sod screenkrg valua. 
Indicates nd rvanikbk. 
CG a n  k d o n  n o n t l ~ o r ~ ~ c f f a c t s ;  s c m d n g v a h f o r ~ ~ m n u n e d  
for carcinogen bawd CG, and child exposrn ( m 0 n ~ ) w a s U b e d f o r  based CO. 
The scrcming value forcndrlnwas used as a rwogate for& aldehyde basd on r3ruchrrd rhnihrlty. 
The weening valw forcobrltnnr owned fnnntha TMrd Quarter Risk Based ComWntbn Table, €PA 
Region 111; tho value ln the bbte was adjuskd frun a lwgd hazard qudknt of 1.0 toO.1. 

The kucrofon-half the e a t h  limit and one-haVkwuestnpocted Mtms used asth8ckfadtconcubtIon 
(Ihted In Tab& 10.13, above) far an t-mdetects. 
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Table 10-14 
Summary of Chemicals of 

Potential Concern 
NAS Pensacola, OUIO and Site 13 
Pensacola, Florida 

COPC 

1 , I  -Dichloroethane 
1.2-Dichlorobenzene 
1.2-Dichloroethene (total) 
1 .3-Dichlorobenzene 
1,4-Dichlorobenrene 
2,4-Dichlorophenol 

Acenaphthene 
Aluminum 
Arsenic 
Benzene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluomnthene 
Benzo(k)fluoranthene 
Beryllium 
Bis(2chloroethyl)ether 
Bio(2athylhe~)phthalate 
Cad rn I u m 
Carbon disulde 
Chlorobenzene 
Chromium 

Dibenz(a ,h)anthracene 
Dieldrin 
Heptachlor epoxide 
Hexachloroethane 
Indeno(l.2.3-cd)pyrene 
Lead 
Manganese 
Mercury 
Naphthalene 
PCB Aroclor-1280 
Tetnchloroethene 

4.4'-DDD 

C o p w  

Sail Canem 

OUlO 
(mglkg) 

0.001 - 0.026 
193 - 17500 

0.94 - 3.5 

7.5 - 7.5 
6.2 - 6.2 

0.0275 - 7 
0.0275 - 7 

0.03 - 0.%3 

1.4 - 23 

1.0 - 910 

1.4 - 1.4 

0.04 - 4.8 

1 - 537 

0.0081 - 0.405 

itions 

Site 13 
(mgkg) 

Groundwater Concenl 

Shallow and Intermediate 
OUlO and Site 13 

(mgll) 

0.002 - 0.2 
0.001 - 1.2 
0.003 - 0.012 
0.001 - 0.7 
0.001 - 0.7 
0.002 - 0.012 

0.359 - 33.6 
0.0031 - 0.0107 
0.003 - 0.003 

0.088 - 0.088 
0.0202 - 0.0202 
0.003 - 0.007 
0.001 - 0.34 

0.0107 - 0.0757 

0.000003- 0.000042 

0.003 - 0.003 

0.0021 - 0.0102 
0.0082 - 0.5 

O.OOO21 - 0.0016 
0.028 - 0.030 

0.006 - 0.19 

ions 

-P 
0u10 
(mgll) 

11.t 
0 . W  

Surface Water Concentrations 

OUlO 
(mdl) 

0.000041 - 0.M)oll 

0.696 - 1.20 

0.0052- 0.0052 

O.oOoM)13 - 0 . m 1  

0.0113 - 0.20 

Sediment Cor 

0u10 
(rndkg) 

1100 - 4150 
0.02 - 6.2 

2.0 - 34.6 

9.3 - 1180 

ntrations 

Sle 13 
(mdkg) 

100-  26800 
0.0 - 16.7 

0.1% - 0.10 

1.4 - 1.4 

1.4 - 5.9 

3.8 - 159 

1.7 - 143 
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Table 10-14 
Summary of Chemicals of 
Potential Concern 
NAS Pensacola. OUlO and Site 13 
Pensacola, Florida 

COPC 

Thallium 
Titanium 
Trichloroethene 
Vanadium 
Vinyl chloride 
Yttrium 
trans-Nonachlor 

NOTE: 

Soil Concer 

OU10 
(mplkg) 

23 - 53 

1.3 - 1.85 
0.0061- 0.0061 

itions 

Site 13 
(mdkg) 

2.9 - 5.3 

Groundwater Concent 

Shallow and Intermediate 
OUlO and Site 13 

(mg/L) 

0.002 - 0.007 
0.0159 - 0.076 
0.015 - 0.015 

tions 

h P  
OUlO 
(mg/L) 

Surface Water Concentrations 

OU10 
(moll) 

Sediment Cor 

OU10 
(mglkg) 

- This table presents the range of concentrations detected for all chemicals d potential concern. 
- Essential nutrients (calcium, iron, magnesium. potassium and sodium) w e  not considered COWS in any medium. 

intrations 

Site 13 
(mplkg) 

5.5 - 71.9 
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C0rrecta.i Final Rundial Investigation Report 
NAS Pensadu Operable Unit 10 and Site I3 

Section 10 - Bascline Risk Asscrsmcnr 
ScDlanber 1995 

10.3 Exposure Assessment 

The purpose of this section of the baseline risk assessment is to determine the magnitude of 
contact that a potential receptor may have with site-related COPCs. Exposure assessment 
involves four stages: 
e 

0 

0 

Characterization of the physical setting and land use of the site. 

Identification of COPC release and migration pathways. 

Identification of the potential receptors, under various land use or site condition 

scenarios, and the pathways by which they might be exposed. 

Quantification of intakes, or contact rates, of COPCs. 0 

10.3.1 Characterization of Exposure Setting 

10.3.1.1 Physical Setting 

NAS Pensacola is a 5,800-acre facility on the western edge of the Florida panhandle, on a 

peninsula bounded by Pensacola Bay to the east and south with Bayou Grande to the north. OU 

10 is located at the extreme northeast tip of the peninsula in an area referred to as Magazine 

Point. Pensacola Bay forms the east boundary of Magazine Point and Bayou Grande borders 

the northern and western perimeters. 

* 
OU 10 encompasses Sites 13, 32, 33, and 35. The RI report addressed Site 13 and OU 10 as 
separate entities. This BRA addresses OU 10 as the area comprised of Sites 32, 33, and 35 
because the parcels are contiguous. Site 13 is evaluated separately. As a result, IWTP 

personnel would be exposed at Site 13 and OU 10 (Sites 32, 33, and 35). 

Climate 
NAS Pensacola has a mild, subtropical climate, with average annual temperature ranging from 

55°F in the winter to 81°F in the summer. Extremes in temperatures can range from less than 
7°F in the winter to more than 102°F in the summer. November is the driest month of the year, 

with an average rainfall of 3.2 inches based on climatological data from 1962 to 1991. Annual 
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NAS Petuamln Operable Unit 10 and Site 13 

Section 10 - Baseline Risk Asscrsm~nr 
Sevtember 1995 

rainfall averages approximately 60 inches, with the highest amounts in July and August. During 

the spring and fall, rainfall is the lowest (an average of 4 inches per month). 

Winds originate from the north during the winter and the south during the summer. Humcanes 

and tornadoes can substantially damage the nearshore environment. According to recorded 

history, seven hurricanes have passed within 50 miles of Pensacola. The most recent was 

hurricane "Erin" during July 1995. 

Hydmgeology 

Three main regional hydrogeologic units have been identifiedldefined within the stratigraphy 

beneath the Florida Panhandle. In descending order the units are the Suxficial/Sand-and-Gravel 
Aquifer, the Intermediate System, and the Floridan Aquifer System. The surficial aquifer is 

composed of unconsolidated clastic deposits approximately 300 feet thick at NAS Pensacola. 

It is referred to as the Sand-and-Gravel Aquifer and is used as a major source of drinking water 

(SEGS 1986). Due to the Sand-and-Gravel Aquifer being the uppermost unit contiguous with 

land surface and receiving recharge through direct infiltration, it is susceptible to contamination 

from surface activities. The Sand-and-Gravel Aquifer is not used within OU 10 as a potable 

water source; only the deep aquifer is used to derive industrial process water. Investigations at 

OU 10 have been limited to the Surficial/Sand-and-Gravel Aquifer. 

The groundwater zones defined at OU 10 are the shallow, intermediate and deep groundwater 

zones. These zones refer to three general depths at which monitoring wells have been completed 

at OU 10. 

The three monitoring well depths are present within the Sand-and-Gravel Aquifer with shallow 

and intermediate depth monitoring wells completed within the surficial zone. The shallow wells 

monitor conditions near the water table, whereas the intermediate wells monitor conditions at 

the base of the surficial zone immediately above the underlying clays and silts of the low 0 
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permeability zone. Recovery wells have been completed at depths similar to those of the 

intermediate monitoring wells. Deep monitoring wells are kmpleted through the low 

permeability zone into the uppermost portion of the main producing zone of the 

Surficial/Sand-and-Gravel Aquifer. 

Groundwater flow studies at the site have involved potentiometric mapping of the three well 

completion depths. Available studies from the past eight years show shallow groundwater under 

natural conditions mimicking peninsular topography, radiating to the north, east and west from 

the southern central portion of the peninsula. One study conducted immediately south/southeast 

of the IWTP indicated a local southeast flow apparently influenced by a wetland drainage 

system (GTI 1993). 

Discharge is east toward Pensacola Bay and west toward Bayou Grande. Groundwater flow 

within the surficial zone has been influenced in the past by the seven-well recovery system, 
yielding flow locally redirected to the recovery wells. High withdrawal rates during 1987 and 

1988, averaging 1.86 million gallons per month, apparently caused a marked effect, whereas 

lower withdrawal rates of later years, apparently due to decreasing well efficiencies, have shown 

little to no effect (G&M 1 9 8 8 ~ ;  E&E 1992b; E&E 19924). 

0 

Intermediate a d  deep groundwater flow data are limited by the small number of wells completed 

at those depths. Intermediate groundwater has yielded variable flow patterns trending east to 

southeast toward Pensacola Bay. Deep groundwater flow is reported to vary widely with time 

between trends toward the east, north, and south. 

Comparison of water levels between the studied depths shows a consistently downward hydraulic 

gradient from shallow to intermediate, implying shallow groundwater migrating downward 

toward the intermediate depth. An upward gradient is generally observed from deep to 

intermediate groundwater, implying deep groundwater within the uppermost portion of the main 0 
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producing zone confined or semiconfined by the overlying clays and silts of the low permeability 

zone. 

10.3.1.2 Potentially Exposed Populations 

Under current land use conditions at Site 13 and OU 10, access to the areas of concern is 

restricted to authorized personnel only. At this time, there are no reported plans to 
decommission the facility or substantially alter current operations. As a result, existing exposure 

scenarios will continue unaltered for the foreseeable future. Personnel engaging in operations 

in and around OU 10 are generally present for standard eight-hour work shifts, five days a 

week. Because access to NAS Pensacola is controlled at the perimeter, it is improbable that any 

individual (aside from IWTP personnel) would be present within the area defined as OU 10. 

For this risk assessment, OU 10 is considered to encompass the facility plus the area 

immediately surrounding the IWTP facility in which soil and groundwater sampling has been 

conducted. The potential risklhazard posed by the soil and groundwater pathways has been 
assessed using an occupational exposure scenario for current land-use conditions and a standard 

future residential exposure scenario. For the surface water and sediment pathways, the potential 

risWhazard was assessed using a trespassing exposure scenario under current land-use conditions 

and a resident recreational exposure scenario under future land-use conditions. These 
approaches were selected to provide a conservative but reasonable evaluation of current and 

potential future risk within Site 13 and/or OU 10. 

10.3.2 Identification of Exposure Pathways 

The potential pathways of exposure to soil, groundwater, surface water, and sediment chemicals 
which were evaluated during the BRA are listed in Table 10-15. Details regarding the rationale 
for exposure pathway selection/rejection for the respective media are also provided in 

Table 10-15 and detailed in the following paragraphs. 
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Soil, Incidental ingestion 

Medium and Expasur Rauon for 
Sakction of Exclwlon 

Yes 

Current Land Uses 

Site Worker Air, Inhalation of gaseous 
contaminants emanating I from soil 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

Groundwater, Ingestion of 
contaminants during 
potable or general use 

Groundwater, Inhelation of 
volatilized ground water 
contaminants 

No 

No 

No 

~ ~ ~ _ _ _ _  

Soil, Dermal contact 1 Yes 

Sediment, Incidental 
ingestion 

No 

Sediment, Dermal contact I 

The gaseous air pathway ir 
considered due to  the absence of 
significant volatile chemicals in soil 

The surface soil areas of concern 
era vegetated preventing fugitive 
dust generation 

Groundwater is not currently used 
as a source of potable or industrial 
water at OU 10 

Groundwater is not currently U E . ~  

as a source of potable or industrid 
water at OU 10 

Surface soil contamination her bean 
identified, and workers may h e w  
occasion to perform job activities in 
these areas, 

Surface soil contamination has bean 
identified, and workers may have 
occasion to  perform job activities in 
these areas. 

_ _ _ ~  

Current Site workers h a w  no 
occasion to frequent the south 
drainage ditch or dredge spoil piles 
a t  Magazine Point 

Current Site workers have no 
occasion to frequent the south 
drainage ditch or dredge spoil piles 
at Magazine Point 
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. EJqJosu 
0 
P 

Sit. Worker 

Infrequent Child 
Trespasser 

Modium and Exposum 
Pathway 

Surface Water, Incidental 
ingestion 

Air, Inhalation of gaseous 
contaminants emanating 
from soil 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

Soil, Incidental ingestion 

Soil, Dermal contact 

Sediment, Incidental 
ingestion 

Sediment. Dermal contact 

Surface Water, Incidental 
ingestion 

Current Site workers have no 
occesion to  frequent the south 
drainego ditch where the only 
identified surface water exists 

The gaseous air pathway is not 
considered due to the absence of 
significant volatile chemicels in soil 

No The surface soil areas of concern 
ere vegetated preventing fugitive 
dust generation 

The possibility exists that older 
children (age 7 to 10) could gain 
access to the conteminated study 
ereas 

Yes 

Yes The possibility exists that older child 
trespessers (age 7 to 10) could gain 
access to  the contaminated etudy 
areas 

The south drainage ditch could 
attrect older child trespassers and 
result in exposure 

The south drainage ditch could 
attract older child trespassers and 
result in exposure 

The south drainage ditch could 
ettract older child trespassers end 
result in exposure 

Yes 

Yes 

Y os 
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Futuro Land Usos 

I 

Future Slto Rosidents 
IChild and Adult) 

Air, Inhalation of gaseous No 
contaminants emanating 
from soil 

Air, Inhalation of No 
chemicals entrained in 
fugitive dust 

Groundwater. Ingestion of Yes 
contaminants during 
potable or general use 

Groundwater, Inhalation of 
volatilized contaminants 
during domestic use 

I 
Soil, Incidental ingestion 

Soil, Dermal contact 

Yes 

Yes 

Yes 

Surface Water, Incidental 
ingestion during 
recreational activities 

Yes 

Sediment, Dermal contact I 

fh. ga6OOUS nir pnthway i6 

considered due to the absence of 
significant volntile chemicals in soil 

The surface 60il areas of concern 
we vegetated, preventing fugitive 
dud generation 

The combined rhdlowl intermediate 
and the deep water bearing zone 
could hypothetically be used as e 
rasidentinl wnter source 

Significant volntile orgnnic 
compound concentrations were 
reported in the shdlowlntemdiate 
watsr bearing zone wells only 

Surfnce aoil contamination has been 
identified, nnd residents would haw 
significnnt opportunity for expoaure 

Surface soil contaminntion has been 
identified, end residents would have 
significant opportunity for exposure 

The south drainnge ditch could 
aarw for limited racraationd 
nctivities 

The south drainage ditch end the 
Magazine Point dredge spoil area 
could serve for limited recrentional 
activities 

The south dreinege ditch and the 
Magazine Point dredge spoil area 
could serve for limited recreational 
activities 
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Futuro Sit. Residents Fish end shellfish. No No edible species were identified in 
(Child and Adult) the south dr8inml.g. ditch, which is 

not axpected to support significant 
Ingestion of species 
obtained from 
contaminated surface populations 
water 

Wild game or domestic 
animals, Ingestion of 
tissue impacted by media 
contamination 

No Huntingltaking of game andlor 
raising livestock is prohibited at dl 
Naval Bases and Air Stations 

II I I I 
I I 

Fruits end vegetables, 
Ingestion of plant tissues 
grown in contaminated 
media 

No The potential for significant 
exposure via this pathway is low 
because the primary soil 
contaminants would not support 
significant bioaccumulation in plant 
tissue 

Note: 
Based on the recommendations of USEPA, Region IV, dermal contact exposure pethwayr for aqueous media were not considered 
viable. 
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10.3.2.1 Soil 

For current scenarios, incidental ingestion and dermal contact soil pathways were evaluated for 

a site worker and an infrequent child trespasser. As mentioned in Section 10.2.1 of this risk 
assessment, the only soil data used in the evaluation of the soil exposure pathways for OU 10 

and Site 13 are the surface soil data collected by ESD during April of 1994 and the E/A&H 0- 
to 1-foot depth soil data from RI Phase I. OU 10 and Site 13 soil data were addressed 

separately for screening purposes and pathway determinations. All surface soil (0- to 1-foot 

depth) within the area of concern (AOC) is assumed to be exposed at the surface. Although 

some of the area is covered with concrete and/or asphalt, this assumption would ensure obtaining 

a conservative estimate of risk. Exposure was also assumed to be uniform over the entire site. 
This is clearly not the case because the vast majority of all operations center around the 

laboratory operations building and other adjacent structures related to water treatment. As 

presented in Section 7 of this report, the primary AOC within OU 10 is located in the swale area 
in the extreme northcentral section of the IWTP (outside the typical operating area). Therefore, 

it is likely that only a fraction of an employee’s work period would be spent in the AOC. 

However, the assumption of uniform exposure lends additional conservatism to the risk 
assessment . 

@ 

With respect to residential exposure conditions, no complete exposure pathways currently exist 

at Site 13 and OU 10 because the areas are used exclusively in an occupational capacity. 
However, complete exposure pathways could exist when based on an estimate of the reasonable 

maximum exposure expected to occur under future conditions. It is assumed that Site 13 and 

OU 10 may be developed in the future as residential areas, which could also provide reasonable 

opportunities for recreational activities. If so, future residents could be exposed to soil via the 

incidental ingestion and dermal contact routes of exposure associated with living in the area. 
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10.3.2.2 Groundwater 

Shallow and intermediate monitoring well data were combined to assess the potential future 
residential well scenario which could include both water-bearing zones. Deep groundwater risk 
was assessed separately due to the separation of the shallow and intermediate zones from the 

deep zone by a confining unit. This approach assumes that each water-bearing depth studied has 
the same potential viability as a potable water source. Although no aquifers studied currently 

serve as a source of potable water at OU 10, this approach is consistent with the NCP which 

calls for protection of groundwater to allow for its maximum beneficial use. There are no 
current plans to initiate use of onsite groundwater for potable or industrial purposes. 

10.3.2.3 Surface Water 

Exposure to surface water was evaluated relative to potential human health concerns for two 

groups of receptors, current trespassing children and a future resident engaged in recreational 

activities. Exposure parameters for these receptors have been modified to reflect these 

assumptions. Although the surface water exposure pathway has not been reported, the 

evaluations will conservatively estimate potential current and future risWhazard. The assumption 

was made that both pathways would involve exposure similar to that for swimming per RAGS, 
Part A. 

10.3.2.4 Sediment 

Exposure to sediment was evaluated relative to potential human health concerns for two groups 
of receptors, current trespassing children and a future resident engaged in recreational activities. 

Exposure parameters for these receptors have been modified to reflect these recreational 

assumptions. The sediment evaluation was separated into two subsections: southern drainage 
ditch and Magazine Point Dredge Spoil Depressions to account for media quality variability 
between these areas. Future resident recreational ingestion rates were modified to account for 
the fraction of time (X hours/day/l6 hours/day - waking hours) spent in this area. 
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10.3.2.5 Air 

Fugitive dust exposure was not evaluated as a potential indirect soil exposure pathway because 

identified hot spots (Le., swale area) were vegetated. A vegetative cover precludes dust 

generation from these areas. No significant VOA contamination was identified in site media 

which could lead to inhalation of gaseous contaminants becoming a viable exposure pathway. 

10.3.3 Exposure Point Concentrations 

The exposure point concentration is the concentration of a contaminant in an exposure medium 

that will be contacted by a real or hypothetical receptor. Determination of the exposure point 

concentration depends on factors such as: 

a Availability of data 
a 

a 

Amount of data available to perform statistical analysis 

Reference concentrations not attributed to site impacts 

Location of the potential receptor 

USEPA, Region IV guidance calls for the assumption of log normal distributions for 

environmental data and the calculation of 95 percent upper confidence limit of the mean (UCL) 

for use in exposure quantification. Because of the uncertainty associated with characterizing 

sites potentially having significantly different COPCs and EPCs both the mean (natural log 

transformed) and the UCL on the mean for a log normal distribution are reported for each 

COPC identified in OU 10 and Site 13 media. In general, outliers have been included in the 
calculation of the UCL because high values seldom appear as outliers for a log normal 

distribution. Inclusion of outliers increases the overall uncertainty of the calculated risks and 

increases the estimate of the risk in a conservative manner. 
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. The UCL was calculated for a log normal distribution as follows: 

I - - 1 2  a + ;", + s, x s,/(n-l)' 
UCL = e 

where: 

ii 

s. = sample standard deviation of the log-transformed data 

n = number of samples in the data set 

€&,95 = 

- - C d n  = sample arithmetic mean of t i e  log-transformed data, a = lnx 

value for computing the one-sided upper 95 percent confidence limit on 
a log normal mean from standard statistical tables (Gilbert, 1987) 

The calculated values for upper 95 percent confidence limit are presented in Table 10-16 through 
Table 10-21 for COPCs identified in soil, groundwater, surface water, and sediment, 

respectively (where applicable). The tables also provide a statistical summary of COPCs 
identified within OU 10 and Site 13 which includes the frequency of detection, mean and 

standard deviation of the natural log transformed data for each COPC, the H-statistic, the 

maximum of detected concentrations, and the reference (reference) criterion (where applicable). 

The value to be applied in subsequent exposure assessments as the exposure point concentration 

is also provided for reference. 

For groundwater (shallow/intermediate and deep), the lowest of either the maximum of positive 

detections or the 95% UCL mean concentration (where applicable) of each COPC identified was 

used to compute exposure. For surface water and sediment, the maximum detected 

concentration was used to quantify exposure as less than 10 samples were collected for each. 

Only groundwater had two sets of exposure point concentrations which were calculated based 0 
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‘on either shallow and intermediate monitoring well data (combined) or deep monitoring well 
data. 

Soil exposure point concentrations were computed using two approaches at OU 10. As shown 
in Table 10-16, 95% UCL mean concentrations were computed for each COPCs. Aluminum, 
chromium, manganese, titanium and yttrium were detected in numerous sample across the Site. 
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Table 10-16 
Statistical Analysis of COPCs in OUlO Surface Soil (0-1 foot depth) 
NAS Pensacola OUlO 
Pensacola. Florida 

Reference 
Natural Log Transformed UCL Max Hit Concentration EPC 

PARAMETER n mean SO H-stat (mglkg) (mgkg) (mgkg) (mgkg) 
Aluminum 
Arsenic 
Cadmium 
Chromium 
Manganese 
Titanium 
Yttrium 
PCEl2W' 
trans-Nonschor 
Benzo(a)Anthracene 
Betuo(a)Pyrene 
Benzo(b,k)Fluoranthene 
Dibenz(s .h)Anthncene 
Indeno(l.2.3-cd)Pyrena 
bis(2chlcfoethfiEther 

18 
18 
18 
18 
18 
9 
9 
18 
9 
18 
18 
18 
18 
18 
18 

7.2942 
-0.9129 
0.4695 
3.4087 
2.5825 
3.5400 
-0.0445 
-5.0702 
-5.7294 
-1.5616 
-1.5722 
-3.0959 
-1.6548 
-3.5630 
-1 .a339 

1.5597 
0.6033 
1.4620 
2.2163 
1 .81 78 
0.2775 
0.4667 
1.4569 
0.2393 
0.8926 
0.8477 
1.4651 
0.4970 
1.2925 
0.3737 

3.566 
2.137 
3.398 
4.756 
4.023 
2.002 
2.252 
3.389 
1 .E1 7 
2.5 
2.44 
3.403 
2.026 
3.114 
1.96 

19136 
0.66 
15.5 
4542 
407 
43.6 
1 .55 
0.06 

0.0037 
0.537 
0.491 
0.443 
0.276 
0.172 
0.237 

17500 Max used 
3.5 Maxused 
23 Maxused 
910 Maxused 
537 UCLused 
53 UCLused 

1.85 UCL used 
0.405 Maxused 

0.0082 Maxused 
7.5 Maxused 
6.2 Maused 
7 Maxused 

1.4 M a d  
4.8 Maxused 

0.83 M a d  

HS 
HS 

HS 
HS 
Hs 
HS 
HS 
HS 
HS 
Hs 

NOTES: 
1 The number d u m p k r  for lhhm non-TCUTAL COPCa b nhn rather th.n 18 dm to the analytr Iht usad by 

l n d l m h  the Exposure Point Concentration b less than or .qual to the conospondlng reference cancent~~tion. 
n Total number d umphr.  

USEPA R q b n  N ESD during suppkmantal sampling for OU10 4. 

mean The aver8ge d th. natural log tnnsformed dab (including default consod data points). 

H stat As excmrptod horn Gilbwt. 1987; cubdd.1 interpolation was usod to dotormine the H SteUStic in 
accordanm Wim Supplemental Gu id .m  for RAGS, Cakubtlng the Ccmcmtdon Ten .  

SO The standard deviation of the nahml bg hnsfotmed dab. 

EPC Exposure point concentration for exposun qumntitation. 
UCL 9596 upper confidence Hmil d the moan using the H SM mahod. 

- Max used and UCL used indkrta th. used aa the EPC. 
HS Indiates that exposure was quantitated based on the hot $pol method ss discussed in the text. 

The UCL values are provided for reference only. 
Indicates nuximum listed concanbation equals OM mwn of duplicate results. 

3833 
1.58 
NA 
NA 
21.4 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

17500 
3.5 
23 
910 
537 
53 

1 .a5 
0.405 
0.0062 

7.5 
6.2 
7 

1.4 
4.8 

0.83 
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Table 10-17 
Statistical Analysis of COPCs Shallow and Intermediate Groundwater 
Combined Shallow and Intermediate Water Bearing Zones 
NAS Pensacola, OUlO and Site 13 Combined 
Pensacola. Florida 

Reference 
Number UCL Max Hit Concentration EPC 

Parameter of Detects n Mean SD H-tat (ugIL) (UgIL) (mglL) (mgIL) 

1 .l-Dichloroethane 
1,2-DichIorobenzene 
1 .2-Dichloroethene (total) 
1.3-Dichlorobenzene 
1.4-Dichlorobenzene 
2,4-Dichlorophenol 
Acenaphthene 
Aluminum 
Arsenic 
Benzene 
Bis(2athylhexyl)phthalate 
Cadmium 
Carbon Disulfide 
Chlorobenzene 
Chromium 
Dieldrin 
Hexachloroethane 
Laad 
Manganese 
Mercury 
Naphthalene 
Tetnchloroethene 
Trichloroethene 
Vanadium 
Vinyl Chloride 

10 127 
11 127 
4 127 
7 127 

11 127 
2 127 
3 127 

27 127 
13 127 
1 127 
1 127 
1 127 
4 127 

15 127 
14 127 
4 127 
1 I27 

13 I27 
27 127 
16 I27 
2 127 
3 I27 
4 127 
8 I27 
1 I27 

1.0858 
0.9966 
0.6230 
0.5464 
0.7940 
0.1177 
-0.3864 
7.8399 
1.2111 
0.431 1 
1.7157 
2.3382 
0.5759 
1 .a121 
2.3127 
-6.3667 
0.0257 
0.8725 
4.3015 

-1 3409 
1.7456 
1.3038 
0.1960 
2.4907 
0.9027 

1.8603 
2.6384 
0.5743 
2.4058 
2.4617 
0.4915 
1.0150 
1.1303 
0.9083 
0.1334 
0.5519 
0.1334 
0.4385 
2.2255 
0.7727 
0.7237 
0.1334 
0.9942 
0.9666 
0.9301 
0.4934 
0.8095 
0.5191 
0.1380 
0.3448 

3.724 
4.99 

2.017 
4.605 
4.696 
1 .we 
2.499 
2.652 
2.369 
1.724 
1 .SI8 
1.724 
1.904 
4.311 
2.215 
2.163 
1.724 
2.472 
2.483 
2.395 
1.047 
2.255 
1 .geg 
2.178 
1 .e39 

65 
1165.7 

2.76 
273.9 
441.8 

1.53 
1.87 

8661.6 
7.73 

1.624 
8.04 

10.94 
2.3 

320.8 
19.05 
0.003 
1 .om 
6.352 

193.41 
0.624 
7.81 
7.31 

1.7 
21.72 
3.21 

200 UCLUSed 
1200 UCL mod 

12 UCLmed 
700 UCLUSed 
700 UCLUSed 

12 UCL used 
26 UCLused 

33600 UCLmed 
18.7 U C L d  
3 U C L d  

88 U C L d  
20.2 UCL usod 

7 U C L d  
340 UCLusod 
75.7 UCL d 

0.042 UCLUsed 
2 U C L d  

18.2 U C L d  
501 U C L d  
1.6 U C L d  
30 U C L d  

190 U C L d  
7 U C L W  

76 U C L W  
15 U C L W  

NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.82 
NA 
NA 
NA 

0.0098 
NA 
NA 

0.0325 
NA 
NA 
NA 

0.022 
NA 
NA 
NA 
NA 

0.007 
NA 

NOTES: 
Indiies tho Exposun Point Concentration h krr thm or oqual to the corresponding rdwenco concentration. 

n TOW number d samples. 
m a n  Tho m w n g r  d tho futuml log t r a m  data (imluding drhult consorad data points). 

H stat As oxcwptod trom G M ,  1 W7: cubdd.l lrUrrpd.tkn was usod to dotmine the H statistic In 
.ccoTdanco wlth Suppknnnhl Guidrncr tor RAGS. c.kukting the Cwcnrtntion Term. 

SD Tho rhndard dadation of tho nrtunl log tnnsfamad a. 

EPC Exposure point comanmtbn tor ucpaum qlantlt.tkn. 
UCL 95% upporcomldor~~@ llmlt of tho mom using tho H stat nwthod. - Mm d md UCL W Wiat~th. W ~ t h .  EPC. 

0.085 
1.17 

0.00276 
0.274 
0.442 

0.00153 
0.00187 

8.66 
0.0077 
0.0016 

O.Oo804 
0.01094 
0.0023 
0.3208 

0.01905 
0.000003 
0.001w3 
0.008352 
0.10341 

O.WW24 
0.00781 
0.00731 
0.0017 

0.02172 
0.00321 
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Table 10-18 
Statistical Analysis of COPCs in Deep Groundwater 
NAS Pensacola, OUlO 
Pensacola, Florida 

Natural Log Transformed Maximum EPC 
Chemical n mean SD H stat UCL Hit (mg/L) (mgk) 

Aluminum 1 NA NA NA NA 
Arsenic 1 NA NA NA NA 

11.8 Max Used 11.8 
0.0048 Max Used 0.0048 

NOTES : 
n Number of samples. 

SD Standard deviation. 
H stat H" statistic, from Gilbert, 1987; cuboidal interpolation was used to determine this value in accordance 

with USEPA Supplemental Guidance, Calculating the Concentration Term. 
UCL 95% Upper Confidence Level mean calculated using the H stat. 

EPC Exposure point concentration used for risk assessment. 
NA Not Applicable. 

- Calculation of the mean, standard deviation and H statistic was not performed because only one deep 

- Max used and UCL used indicate the concentration used as EPC in the risk assessment. 
well (33618001) was sampled during the RI. 
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Table 10-19 
Statistical Analysis of COPCs in 
OUlO Surface Water (Southern Drainage Ditch) 
NAS Pensacota, OUlO 
Pensacola. Florida 

Natural Log Transformed 
UCL Max EPC 

Parameter n Mean SO H (WL) (mgk) (mg/L) 

Aluminum 4 NA NA NA NA 1.28 Max Used 1.28 

Manganese 4 NA NA NA NA 0.28 MaxUsed 0.28 

Heptachlor epoxide 4 NA NA NA NA 0.0000013 MaxUsed 0.0000013 

Cadmium 4 NA NA NA NA 0.0052 Maxused 0.0052 

4,4'-ODD 4 NA NA NA NA O.OOO11 Max Used o.Ooo11 

NOTES: 
n Number of samples. 

mean Mean of detected values including defaults for log transformed dataset. 

H stat "H" statistic. from Gilbert, 1987; cubddal linear interpolation was used to determine thh value In accordance 
SD Standard deviation for a sample of a papulation of data. 

with USEPA Guidance, Calculating the Concentntion Term. 
EPC Exposure point concentration used for risk assessment. 
UCL 95% Upper Confdence Level Mean calculated using the H stat. 
NA Not Applicable. 

- Max used and UCL used indkate the concent- used as EPC in the rkk assessment. 
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Table 10-20 
Statistical Analysis of COPCs in OUlO Sediment 
NAS Pensacola, OUlO 
Pensacola, Florida 

Natural Log Transformed UCL Max Hit EPC 
Parameter n mean SD H stat (mgkg) (mglkg) (mgkg) 

Aluminum 4 .  
Arsenic 4 
Cadmium 4 
Chromium 4 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

NA 4150 Max used 4150 
NA 6.2 Maxused 6.2 
NA 34.6 Maxused 34.6 
NA 11 80 Max used 1180 

NOTES: 
n Total number of samples. 

mean The average of the natural log transformed data. 

H stat As excerpted from Gilbert, 1987; cuboidal interpolation was used to determine the H statistic in accordance 
SD Standard deviation for a sample of a population of data. 

with Supplemental Guidance for RAGS, .Calculating the Concentration Term. 
EPC Exposure point concentration used for risk assessment. 
UCL 95% Upper Confidence Level Mean calculated using the H stat. 

- Max used and UCL used indicate the concentration used as EPC in the risk assessment. 
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Table 10-21 
Statistical Analysis of COPCs in Site 13 Sediment 
NAS Pensacola, Site 13 
Pensacola, Florida 

Natural Log Transformed UCL Max Hit EPC 
Para meter n mean SD H stat (mglkg) (mglkg) (mgkg) 

Aluminum 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Manganese 
Vanadium 
Benzo( a)pyrene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 26600 Maxused 
NA 16.7 Maxused 
NA 1.4 Max used 
NA 5.9 Maxused 
NA 159 Max used 
NA 143 Maxused 
NA 71.9 Max used 
NA 0.18 Max used 

26600 
16.7 
1.4 
5.9 
159 
143 

71.9 
0.18 

NOTES: 
n Total number of samples. 

mean The average of the natural log transformed data. 

H stat As excerpted from Gilbert, 1987; cuboidal interpolation was used to determine the ti statistic in accordance with 
SD Standard deviation for a sample of a population of data. 

Supplemental Guidance for RAGS, calculating the Concentration Term. 
EPC Exposure point concentration used for risk assessment. 
UCL 95% Upper Confidence Level Mean calculated using the H stat. 

- Max used and UCL used indicate the concentration used as EPC in the risk assessment. 
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Due to the chemicals’ widespread distribution, the standard EPC selection algorithm was 

applied. Arsenic, cadmium, aroclor-1260, trans-nonachlor , bis(2-~hloroethyl)ether, and a l l  

PAHs were found exclusively in isolated areas (hot spots). As a result, the maximum 

concentration of each chemical detected in the hot spot was adjusted to account for the area of 

concern relative to the area of the whole site. The hot spot procedure for each chemical is 
discussed in detail in Section 10.3.5, Quantification of Exposure. Table 10-22 summarizes 

exposure point concentrations used in exposure assessment on a medium and area-specific basis. 

Analytical results are presented as nondetects whenever chemical concentrations in samples do 

not exceed the detection or quantitation limits for the analytical procedures. Generally, the 

detection limit is the lowest chemical concentration that can be quantified above the normal, 

random noise of an analytical instrument or method. To apply the above-mentioned statistical 

procedures to a data set with reported nondetects, it was assumed that the chemical was present 

at the lesser of one-half the sample quantitation limit or one-half the lowest reported hit for the 

specific medium, as suggested by RAGS Part A. Use of this algorithm is a reasonable 

compromise between use of zero and the sample quantitation limit to reduce the bias (positive 

or negative) in the calculated UCL. 

10.3.4 Toxicity Equivalency Factors 

Toxicity Equivalency Factors (TEFs) are chemical-specific values used to relate the carcinogenic 

potential of various polyaromatic hydrocarbons (PAHs) to benzo(a)pyrene (B(a)P). As March 
1994 USEPA, Region IV Supplemental Guidance to RAGS suggests, the exposure point 

concentrations associated with the family compounds that comprise PAHs are multiplied by a 

chemical-specific TEF prior to exposure quantification. COPC concentrations used to calculate 
CDI were multiplied by the corresponding TEFs, which are shown below. The following TEFs 
are used to convert the PAH concentrations to an equivalent concentration based on B(a)P: 
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Table 10-22 
Summary of Exposure 
Point Concentrations 
NAS Pensacola, OUlO and Site 13 
Pensacola. Florida 

COPC 
1,l-Dichloroethane 
1 .2-Dichlorobenzme 
1,2-Dichloroethene (total) 
1.3-Dichlorobenzene 
1.4-Dichlorobenzene 
2,4-Dichlorophenol 

Aluminum 
Arsenic 
Benzene 
Benzo(a)anthncene 
Benzo(a)pyrene 
Benzo(b)fluonnthene 
Benzo(k)fluonnthene 
Beryllium 
Bis(2chloro&hyl)ethu 
Bis(2-.thylhe~phthalate 
Cadmium 
Carbon disulfide 
Chlorobnzona 
Chromium 

Mbenz(a, h)rnthncene 
Dieldrin 
Hexachloroethane 
Indeno(l.2.3-cd)pyrene 
Lead 
Manganese 
Mercury 

4,4'-DDD 

CoPPr 

Soil 
OUlO 
(mdkg) 

17500 - U C L u d  
3.5 - Hot Spot 

7.5 - Hot Spot 
6.2 - Hot Spot 
3.5 - HdSpot 
3.5 - Hd Spot 

0.83 - HdSpot 

23 - Hotspot 

910 - M u d  

1.4 - Hot Spot 

4.8 - HotSpot 

407 - U C L U d  

Groundwater 
Shallow and Intermediate GW 

(rng/L) 
0.065 - UCLUHd 
1.166 - 

0.00276 - 
0.274 - 
0.442 - 

0.0015 - 
8.88 - 

0.0077 - 
0.0016 - 

o.Oo0 - 
0 . m  - 
0.0023 - 

0.321 - 
0.01905 - 

0.000003 - 
0.00100 - 
0.0083 - 
0.193 - 

o.ooo82 - 

UCL u s 4  
UCL used 
UCL used 
UCL used 
UCL used 

UCL U d  

UCL uud 
UCL uud 

U C L  used 
UCL uud 
UCL d 
UCL uud 
UCL used 

UCL d 
UCL uud 

UCL used 
UCL used 
UCL used 

11.t 
0 . W  

Suhce  Water 
OUlO 
(mg/L) 

0.00011 - M m W  
1.28 - M u  d 

o.OoJ2 - Maxuaad 

0.28 - M a ~ ~ e d  

SOC 
OU10 

A 

6.2 - MUtW 

34.6 - M o c d  

1180- M u d  

mt 
Site 13 
(mgkg) 

26800 - M ~ U A  
15.2 - U C L d  

0.13 - U C L d  

0.8 - UCL usad 

5.1 - UCLUud 

. .  
159 - MoCuSOd 

143 - M u   US.^ 
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Table 10-22 
Summary of Exposure 
Point Concentrations 
NAS Pensacola, OUIO and Site 13 
Pensacola, Florida 

COPC 
Naphthalene 
PCB Aroclor-I 260 
Tetrachloroethene 
Thallium 
Titanium 
Trichloroethene 
Vanadium 
Vinyl chloride 
Yttrium 
trans-Nonachlor 

Soil 
OUIO 
(mglkg) 

0.405 - Hot Spot 

43.6 - UCLused 

1.85 - UCL used 
0.0062 - HotSpot 

Groundwatei 
:hallow and Intermediate GW 

(mglL) 
0.00781 - U C L d  

0.00731 - U C L U S ~  

0.0017 - U c L t ~ e d  
0.0217 - UCLuHd 

0.00321 - U C L d  

Deep GW 
( W L )  

Surface Water 
OUIO 
(moll) 

Sed 
OUlO 

0 

Imt 
Site 13 
(Wkg) 

71.9 - MUUSO~ 

NOTES: 
- This tabla p r d s  the exposure point concentration mod in the risk assessrnenl 
- Hot Spot h d b t o s  that exposure fw tho chomkd was quanti(lsd using hat spot methods for dotmlning fraction Ingestdconktod in contrmhutod arm. 
- A discussion d h d  spot delineation and rationah for r u W  soil is ptwided in Soction 10.3.5Quantiicath d Exposwe. 
- M u  Used and UCL used rdor to the maximum anmntntkn and 95% Uppar ConMonco L.vd m a n  wmtratkn. 
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CompoundlTEF 

Benzo( a)pyrene 1 .o 
Benzo(a)anthracene 0.1 

Benzo(b)fluoran thene 0.1 

BenzoQfluoranthene 0.01 

Chrysene 0.001 

Dibenzo(a,h)anthracene 1 .o 
Indeno( 1,2,3-~,d)pyrene 0.1 

10.3.5 Quantification of Exposure 
This section describes the models, equations, and input parameter values used to quantify doses 

or intakes of the COPCs through the exposure pathways discussed in Section 10.3.3. The 

models are designed to estimate route-and-medium-specific factors, which are multiplied by the 
exposure point concentration to estimate chronic daily dose. The intake model variables 

generally reflect 50th or 95th percentile values, which when applied to the exposure point 

concentrations ensure that the estimated intakes represent the reasonable maximum exposure 

(RME). Formulae were derived from RAGS, Part A unless otherwise indicated. Tables 10-23 

and 10-24 list input parameters used to compute chronic daily intakes (CDI) for the current land 

and future land use receptors, respectively. 

Age-adjusted ingestion and contact factors were derived for the potential future residential 

receptors (resident adult and resident child combined) for carcinogenic endpoints. These factors 

take into account the difference in daily ingestion rates for soil and groundwater, surface areas, 
body weights, and exposure durations for children aged one to six years old and others aged 

seven to 31 years old. The exposure frequency is assumed to be identical for the two exposure 

groups. 
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Table 10-23 
Parameters Used to Estimate Potential Exposures 

for Current Land Use Receptors 

Pathway Parameters 
Trespassing Child 

Age 7-16 ' Onsite Worker Units 

Incidental Ingestion of Sediment/Soil 

Ingestion Rate 
Exposure Frequency 
Exposure Duration 
Body Weight 
AT-Noncancer 
AT-Cancer 

100' 50b mglday 
52' 250b dayslyear 
10' 25b years 
45d 70b kg 

3,650' 9,125' days 
25,550' 25,550' days 

Dermal Contact with Sediment/Soil 

Skin Surface Area 3,950° 4,1000 cm2 
Adherence Factor l h  l h  mg/cm2 
Absorption Factor csv csv unitless 
Exposure Frequency 52' 250b dayslyear 
Exposure Duration 10' 25b years 
Body Weight 45* 70b kg 
Averaging Time-Noncancer 3,650' 9,125' days 
Averaging Time-Cancer 25,5 50' 25,550' days 

Incidental Ingestion of Surface Water 

Ingestion Rate 
Exposure Time 
Exposure Frequency 
Exposure Duration 
Body Weight 
Averaging Time-Noncancer 
Averaging Time-Cancer 

0.05' NA 
2.6' NA 

52' NA 
10' NA 
45d NA 

3,650' NA 
25,550' NA 

literslhour 
hourslday 
dayslyear 
years 
kg 
days 
days 
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* Notes: 
a 

b 

C 

d 

e 
f 
g 

h 

NA 
csv 

USEPA (1 989a) Risk Assessment Guidance for Superfund Vol. I, Human Health 
Evaluation Manual (Part A). 
USEPA (1991b) Risk Assessment Guidance for Superfund Vol. I, Human Health 
Evaluation Manual Supplemental Guidance, 'Standard Default Exposure Factors ; Interim 
Final, OSWER Directive: 9285.6-03. 
Assumes a trespass scenario of an adolescent age 7-1 6 with an exposure duration of 
10 years and a exposure frequency of 52 days per year. 
Adolescent body weight is the average value for the range of body weights for boys 
and girls ages 7-16 taken from USEPA (1990) Exposure Factors Handbook, 

Calculated as the product of ED (years) x 365 days/year. 
Calculated as the product of 70 years (assumed lifetime) x 365 days per year. 
Skin surface area (i.e., worker -head, forearms and hands) provided by USEPA 
Region 4. For trespassing children, the skin surface area was computed as 25% of the 
age group mean total body surface per Dermal Guidance. 
Specific guidance from USEPA Region 4 (February 11, 1992 New Interim Region 4 
Guidance). 
Not applicable 
Chemical-specific value 

USEPA/600/8-89/043. 
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Table 10-24 
Parameters Used to Estimate Potential Exposures 

for Future Land Use Receptors 

Pathway Parameters Resident Adult Resident Child Units 

Incidental Ingestion of Soil 

Ingestion Rate 
Exposure Frequency 
Exposure Duration 
Exposure Duration,, 
Body Weight 
AT-Noncancer 
AT-Cancer 

100' 200' mglday 
350b 350b dayslyear 

24" 6' years 
24' 6' years 
70' 15' kQ 

8,760d 2,190d . days 
25,5 50' 25,550' days 

Dermal Contact with Soil 

Skin Surface Area 
Adherence Factor 
Absorption Factor 
Exposure Frequency 
Exposure Duration 
Exposure DurationLwA 
Body Weight 
Averaging Time-Noncancer 
Averaging Time-Cancer 

4,100' 
1 0  

csv 
350b 

24' 
24' 
70' 

8,760* 
25,5 50' 

2,000' 
1 0  

csv 
350b 

6' 
6' 

15' 
2,l 90d 

25,550' 

cm2 
mg/cm2 
unitless 
day sly ear 
years 
years 
kg 
days 
days 

Drinking Water Ingestion 

Ingestion Rate 
Exposure Frequency 
Exposure Duration 
Exposure Duration,, 
Body Weight 
Averaging Time-Noncancer 
Averaging Time-Cancer e 

2' 1' 
350b 350b 
24' 6' 
24' 6' 
70' 15' 

8,760d 2,l 90d 
25,550" 25,550' 

literslday 
dayslyear 
years 
years 
k9 
days 
days 
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Table 10-24 (continued) 
Parameters Used to Estimate Potential Exposures 

for Future Land Use Receptors 

Inhalation of Volatilized Groundwater Constituents 

Ingestion Rate 
Exposure Frequency 
Exposure Duration . 

Exposure Duration, 
Body Weight 
Averaging Time-Noncancer 
Averaging Time-Cancer 

2' 1' mJlday 
3506 350b dayslyear 
24' 6' years 
24' 6' years 
70' 15' kg 

8,760' 2,l 90d days 
25,550' 25,550' days 

Incidental ingestion of Sediment 

0 Ingestion Rate 1 7h 34h mglday 
Exposure Frequency 104' 140 dayslyear 
Exposure Duration 24' 6' years 
Exposure Duration, 24' 6' years 
Body Weight 70' 15' kg 
Averaging Time-Noncancer 8,760' 2,190d days 
Averaging Time-Cancer 25 , 5 50' 25,550' days 

Dermal Contact with Sediment 

Skin Surface Area 
Adherence Factor 
Absorption Factor 
Exposure Frequency 
Exposure Duration 
Exposure DurationLwA 
Body Weight 
Averaging Time-Noncancer 
Averaging Time-Cancer 

4,100' 
1 0  

csv 
104' 
24' 
24' 
70' 

8,760d 
25,550. 

2,000' 
1 0  

csv 
140 

6' 
6' 
15' 

2,l 90d 
25,550' 

cm2 
mg/cm2 
unitless 
dayslyear 
years 
years 
kg 
days 
days 
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Table 10-24 (continued) 
Parameters Used to Estimate Potential Exposures 

for Future Land use Receptors 
. 

Incidental Ingestion of Surface Water 

Ingestion Rate 
Exposure Time 
Exposure Frequency 
Exposure Duration 
Exposure Duration,, 
Body Weight 
Averaging Time-Noncancer 
Averaging Time-Cancer 

0.05' 
2.6' 

104' 
24' 
24' 
70' 

8,760* 
25,550' 

0.05' 
2.6' 

140 
6' 
6' 

15' 
2,l 90d 

25,550' 

litershour 
hourslday 
dayslyear 
years 
years 
kg 
days 
days 

Notes: 
a 

b 

C 

I 

NA 
csv 

USEPA ( 1  989a) Risk Assessment Guidance for Superfund Vol. I, Human Health 
Evaluation Manual (Part A). 
Assumes a residential exposure frequency of 365 days per year with one two week 
vacation. 
USEPA (1 991a1, Risk Assessment Guidance for Superfund Vol. I, Human Health 
Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goalsl, 
OSWER Directive 9285.7-01 B. 
Calculated as the product of ED (years) x 365 daydyear. 
Calculated as the product of 70 years (assumed lifetime) x 365 days per year. 
Skin surface area (Le., adult resident - head, forearms and hands; child resident -head, 
arms, hands, and legs) provided by USEPA Region 4. 
Specific guidance from USEPA Region 4 (February 11, 1992 New Interim Region 4 
Guidance]. 
Values for sediment ingestion rate are based on a soil ingestion rates of 100 milligrams 
per day for adults and 200 milligrams per day for children and a recreational exposure 
time of 2.6 hours per day (over a 16 waking hour day.) 
Recreational exposure frequency assumed to be 104 days per year for adults and 140 
days per year for children. 
Not applicable. 
Chemical specific value. 
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10.3.5.1 Soil Pathway Exposure 

As discussed in Section 10.3.3, isolated hot spots were identified for many soil COPCs. Prior 
to quantifying soil exposure at OU 10, it was first necessary to derive appropriate fraction 

ingested (or contacted) from contaminated area factors for each applicable COPC. These factors 

were derived by evaluating the spatial distribution of arsenic, cadmium, aroclor-1260, trans- 

nonachlor, benzo(a)anthracene, benzo(a)pyrene, benzo@,k)fluoranthene, dibenz(a,h)anthracene, 

indeno( 123-cd)pyrene and bis(2-chloroethy1)ether. The fraction ingested (contacted) factors 

(FI/FC) were computed by estimating the maximum area of the hot spot and dividing it by the 

total site area. These computations were performed in a conservative manner to account for 
potential uncertainty associated with contaminant distributions. The purpose of the FI/FC factors 

is to modify the hot spot concentrations to more closely approximate actual exposure potential. 

Elevated cadmium concentrations were reported exclusively in the swale area, which is 
approximately 10 percent of ou 10 area. As a result, an FI/FC factor of 0.1 was applied to the 

EPC. The remaining hot spot COPCs were identified in no more than two samples at 

concentrations above corresponding risk-based screening levels. Benzo(a)anthracene, 

benzo(a)pyrene, benzo@, k)fluoranthene, dibenz(a, h)anthracene, indeno( 123-cd)pyrene and 
arsenic were detected in only one sample (33S20). An FI/FC factor of 0.05 was applied to the 

EPCs for these compounds as the reasonable minimum. Aroclor-1260 and trans-nonachlor were 

detected in two and one samples, respectively. The samples (33332 and 33S01) in which 
araclor-1260 was detected were collected immediately adjacent to one another. An FI/FC factor 
of 0.05 was also applied to the EPCs for these compounds as the reasonable minimum. Bis(2- 

chloroethy1)ether was detected exclusively in sample 33S19, and the same 0.05 FI/FC factor 

was applied. 

0 
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Incidental Ingestion of COWS in Soil 

Quantification of carcinogenic risk and hazard for COPCs identified in surface soils within 

OU 10 and Site 13 for the incidental ingestion pathway is estimated from the general equation: 

where 

Ia 

c, 
IR 
FI 
EF 

ED 

CF 
BW 
AT 

Figure 10-1 

ingested dose of COPC (mg/kg-day) 

concentration of COPC in soil (mg/kg) 

ingestion rate of soil (mg/d) 

fraction of daily intake from contaminated source (unitless) 

exposure frequency (d/yr) 

exposure duration (yr) 

conversion factor ( lo4 kg/mg) 

body weight (kg) 

averaging time (d) 

provides the formulae used to calculate the chronic daily intake (CDI) for soil 
pathways, which includes calculation of the soil ingestion contributions from the future 
residential receptors, current child trespassers, and the current site worker receptor. Soil 
ingestion exposure parameters for each receptor, reflective of the Reasonable Maximum 

Exposure W E ) ,  are listed beneath the formulae in the figure. Incidental soil ingestion CDIs 

are presented in Table 10-25 for all pertinent receptor groups and toxicological endpoints. 

Dermal Contact with COPCs in Soil 

Unlike the methodologies for estimating inhaled or ingested doses of COPCs, which quantify 

the dose presented to the barrier membrane (the pulmonary or gastrointestinal mucosa, 
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Figure 10-1 

Formulae for Calculating CDI for Soil 

. SOIL INGESTION PATHWAY 

Residential Scenario: 

Non-Carcinogens - Child - Residential See&: 

Non-Carcinogens - Adult - Residential Scenario: 

Carcinogens (based on a riferime weighted average): 

Figure 1 is continued on the following page 

10-66 



Figure 10-1 (continued) 

Formulae for Calculating CDI for Surface Soil 

SOIL DERMAL CONTACT PATHWAY 

Residential Scenario: 

Non-Carcinogens - Child - Residentid Scenario: 

Non-Carcinogens - Adult - Residentid Scenario: 

C, x CFsoiyodu,t x EFmx F x FC x AF x ABS X ED,, 
- - 

CDINC-A 

B w ~ k  

Carcinogens (based on a rifetime weighted average): 

CDI, = 

C- x [ CF,,,, x EF-x F x FC x AF x ABS x ED,, + CF,,,, x EF-x F x FC x AF x ABS x ED, 1 AT, BWch,, B W a ,  

Figure 10-1 is continued on the following page 
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Figure 10-1 (continued) 

Formulae for Calculating CDI for Surface Soil 

* 

Variable Description 

average child body weight (ages 1-6) (kg) 
average adult body weight (kg) 
average child trespasser body weight (kg) 
absorbance factor (unitless value specific to organic (0.01) versus inorganic 
(0.001) compounds) 
adherence factor (1 mg/cm2) 
child exposure duration during (ages 1-6) (yr) 
adult exposure duration during (ages 7-31) &r) 
adult worker exposure duration during (yr) 
child trespasser exposure duration during (ages 7-16) (yr) 
residential exposure frequency (daydyear) 
worker exposure frequency (dayslyear) 
trespasser exposure frequency (days/year) 
fraction contacted from contaminated source (unitless = 1) 
child soil dermal contact factor (cm2/day) 
adult soil dermal contact factor (cm'/day) 
child trespasser soil dermal contact factor (cm2/day) 
averaging time (carcinogen) 
averaging time (non-carcinogen adult) 
averaging time (non-carcinogen child) 
averaging time (non-carcinogen child trespasser) 
chemical concentration in surface soil (mgntg) 
conversion factor (lE-6 kg/mg) 

' 

Notes: 
CDI indicates Chronic Daily Intake 
The worker and adolescent child trespasser scenario risk and hazard were calculated by substituting receptor 
group-specific assumptions into the adult or child portions of the forpulae. 
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Exposure Ftadion 
Point from 

Concentration TEF Contaminated 
Chemical (mglkg) (unitless) Source 

Aluminum 
Arsenic 
Cadmium (food) 
Chromium 
Manganese 
Titanium 
Yttrium 
Araclor-1280 
trans-Nonachlor 
Benzo(a)anthraune 
Benzo(a)pyrene 
Benzo@)flwranthene 
Benzo(k)llwranthene 
Bis(2thloroethyOether 
Dibenzo(a.h)anthracene 
Indeno(l,2,3cd)pyrene 

Potential Future Use 

Resident adult Resident child Resident Iwa 
H-CDl HCDI CCDl 

(mgkgday) (mdkgday) (mg/kgday) 

17500 
3.5 
23 

910 
407 
43.6 
1.85 

0.405 
0.0062 

7.5 
6.2 
3.5 
3.5 

0.83 
1.4 
4.0 

Trespassing child Trespassing child 
(age 7-16) (age 7-1 6) 

HCDl CCDi 

(mg1kgd.y) (mglkgda y) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
0.1 

1 
0.1 

0.01 
NA 

1 
0.1 

Current Slte Current She 
WOrkW Worker 
HCDl CCDl 

(Wb &y) (mglkgday) 

1 
0.05 
0.1 

1 
1 
1 
1 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

2.34E-02 
2.34E-07 
3.08E-06 
1.22E-03 
5.45E04 
5.84EM 
2.48E-06 
2.71 E-08 

5.02E-08 
4.15E-07 
2.34E48 
2.34E.09 
5.56E-08 
9.38E-08 
3.21 EM) 

4.15E-10 

2.24E-01 
2.24E-06 
2.94EM 
1.16E-02 
5.20E-03 
5.57E-04 
2.37E45 
2.59E-07 
3.96E49 
4.79E-07 
3.96E-06 
2.24E-07 
2.24E-08 
5.31 E07 
8.95E-07 
3.07E.07 

2.74E-02 
2.74E-07 
3.60E-06 
1.42E-03 
6.37E-04 
6.83E-05 
2.00E-06 
3.17E.08 

5.87E-Oa 
4.85E-07 
2.74E.08 
2.74E-09 
6.50Ea 
1.1OE-07 
3.76E4 

4.85~-ia 

5.54E-03 
5.54E-08 
7.28E-07 
2.ME-04 
1.29E-04 
1 .%E45 
5.OBE-07 
6.41E49 

1.19E- 
9.81Ea 
5.54149 

1.31Ea 
2.22E48 
7.BoEQg 

0.8lE-11 

5.54E-10 

NOTES: 
hva LMime weighted average; used to cakulato carcinogonk CDi. RAGS Pads A and 6. 
CDI Chronk Daily Intake in mg/kgday. 

HCDl CDI for hazard quotient. 
CCDl CDI for excess cancer risk. 

NA No information availabk. 
TEF Toxkhy squhmhncy hctor mod to m o d i  tho combntmtbn d pdynucloar aromatk hydrocarborn relath to anrO(a)pyrm. 

7.91E44 
7.91E.09 
1 .ME07 
4.12E- 
1 .ME45  
1 B7E-06 
8.37E-08 
0.16E-10 
1 ME-1 1 
1 .TOE49 
1 AOE-08 
7.OlE-10 
7.01E-11 
1 .ME49 
3.17E49 
l.OeE49 

8.56E-03 
8.56E-08 
1.13E-06 
4.45E-04 
1 .=E44 
2.13E45 
O.OSE-07 
0.91 E49 

1.83E-08 
1.52E-07 
0.56E49 
8.56E-10 
2.03E-08 
3.42E-08 
l.17E-08 

1.52E-10 

3.06E43 
3.06E48 
4.02E-07 
1.59EOd 
7.1 1 E-05 
7.62EQB 
3.23E-07 
3.54E-09 

6.SSE-09 
5.42E-08 
3.06E49 
3.06E-10 
7.25E49 
1.22E-08 
4.19E09 

5.42E-11 
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respectively), dermal dose is estimated as the dose that crosses the skin and is systemically 

absorbed. For this reason, dermal toxicity values are also based on absorbed dose (see Section 

10.4). The absorbed dose of COPC from soil is estimated from the equation: 

A, 
where 

A, 

c, 
SA 

AF 

ABS 

EF 
ED 

CF 

FC 

BW 

AT 

dermally absorbed dose of COPC (mg/kg) 

concentration of COPC in soil (mg/kg) 

surface area of the skin available for contact with soil (cm*/event) 

soil-to-skin adherence factor (mg/cm2) 

absorption factor (unitless, chemical-specific value) 

exposure frequency (days/year) 

exposure duration (years) 

conversion factor (lod kg/mg) 

fraction contacted from contaminated source (unitless) 

body weight (kg) 

averaging time (days) 

In this equation, the absorbed dose is expressed in mg/kg-day, based on the assumption that the 

exposed skin surface area is constant for each exposure, and that one exposure .occurs per day. 
A, must be expressed as mg/kg-day to be compatible with the expression of dermal toxicity 

values as mg/kg-day for noncancer effects and as reciprocal mg/kg-day for carcinogenicity. 

Figure 10-1 provides the formulae for calculating the chronic daily intakes for soil, which 

includes calculation of the dermal contact with soil contributions for the current worker and 

trespasser, and potential future Site residents. Dermal contact with soil contaminants reflective 

of RME for each receptor are listed beneath the formulae in the figure. Dermal reference doses 

and cancer slope factors are derived from the corresponding oral values. The methodology 
@ 
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regarding the derivation of these factors is discussed in Section 10.4. Dermal contact soil 
exposure CDIs are presented in Table 10-26 for all pertinent receptor groups and toxicological 

endpoints. 

e 

10.3.5.2 Groundwater Exposure Pathways 

Groundwater pathway exposure was computed separately for shallow/intermediate and deep 

groundwater. The lesser of the maximum or 95% UCL mean concentration of each 
shallow/intermediate zone COPC was used as the EPC. For the deep groundwater, only one 

well was sampled. Thus, the reported COPC concentrations were applied as COPCs. 

Ingestion of COPCs in Groundwater 

The following equation is used to estimate the ingestion of COPCs in groundwater: 

where: 

1, 

CW 
IR 

EF 

ED 

BW 
AT 

ingested dose (mg/kg-day) 

concentration of contaminant in groundwater (mg/L) 

ingestion rate &/day) 

exposure frequency (daydyear) 

exposure duration (years) 

body weight (kg) 

averaging time (days) 

Figure 10-2 provides the formulae for calculating the chronic daily intake for groundwater, 

which includes the calculation of the ingestion of groundwater by residential receptors. 

Groundwater ingestion exposure parameters reflective of RME exposure for the residential 
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Table 10-26 
Chronic Daily Intakes (CDI) 
Dermal Contact with OUlO Surface Soil (0-1') 
NAS Pentacola. OUlO 
Pensacola, Florida 

Dermal Exposure Fraction 

Factor Concentration TEF Contaminated 
Absorption Point from 

Chemical (unitless) (rndkg) ( unitless) Source 

Potential Future U s e  current us4 
Trespassing child Trespasslng child Current Site Current Site 

Resident adult Resident child Resident Iwa (we 7-1 s) (age 7-1 6) WorkW Worker 
HGDl HGDl CGDl HGDl CGDl HGDI CGDl 

(mdkgday) (mglkgday) (mdkgday) (mdkgday) (mdkgday) (mdkgday) (mdkgday) 

Aluminum 
Anenic 
Cadmium (food) 
Chromium 
Manganese 
Titurlum 
Yttrium 
Aroclor-1260 
trans-Nonachlor 
8.nzo(a)anthracenr 
8enzo(a)pyrene 
Benzo(b)nuoranthone 
Eenzo(k)fiuoranth.ne 
Bis(2thloroethyOether 
Dibnzo(a, h)anthracene 
Indeno(l,2,3cd)pyrone 

0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 

17500 
3.5 
23 

910 
407 
43.6 
1.85 

0.405 
0.0062 

7.5 
6.2 
3.5 
3.5 

0.83 
1.4 
4.8 

NA 1 
NA 0.05 
NA 0.1 
NA 1 
NA 1 
NA 1 
NA 1 
NA 0.05 
NA 0.05 
0.1 0.05 

1 0.05 
0.1 0.05 

0.01 0.05 
NA 0.05 

1 0.05 
0.1 0.05 

9.63E04 
9.83E-09 
1.29E-07 
5.11E-05 
2.29EG 
2.45506 
1 B4E-07 
1.14E-08 
1.74E-10 
2.11E-08 
1.74E-07 
9.83E-09 
9.83E-10 
2.33E-08 
3.93E-06 
1.35E-06 

2.24E43 
2.24E-06 
2.94E-07 
1.16E-04 
5.20E-05 
5.S7E-06 
2.37E07 
2.59148 

4.79E-06 
3.96E47 
2.24E-06 
2.24E-09 
S.31 E-06 
8.9SE-06 
3.07E-08 

3.gSE-10 

5.29E-04 
5.29E-09 
6.9SE-M 
2.7SE-05 
1.23E-05 
1.32E-06 
S.59E-06 
6.12E-09 
9.37E-11 
1.13E-08 
9.37E-08 
5.29E-09 
S.29E-10 
1.2SE-08 
2.12E-08 
7.2SE-09 

NOTES: 
lwa Llfetime wdghted average; usad to calculate carcinogenk CDI, RAGS Pa& A and 8. 
CDI Chronic Daily Intake in mkgday. 

HCDl CDI for huard qwtlent. 
CCDl CDI for excess cancer risk. 

NA No informath awihble.. 
TEF Toxicity quhnleny factor usad to modi i  tha concontration of pdynuckrr mmatk hydroarbom dative to knzo(a)pyrono. 

- The domal absorption haor was applhd to the exposun point concnntmtbn 
to reflect tho dhront transdotma1 migration of Inorganic V.RUI w n k  chemkals. 

2.19E-04 
2.19E49 
2.86E-08 
1.14E-05 
5.09E46 
5.45E-07 
2.31E-06 
2.53E49 
3.66E-11 
4.69E-m 
3.66E4E 
2.19EQO 
2.1%- 
S.lQE-09 
8.7SE49 
3.OoE4E 

3.13E-05 
3.1 3E-10 
4.11E-09 
1.63E-06 
7.27E47 
7.79E-011 
3.30Eds 
3.62E-10 
5.54E-12 
8.70E-09 
5.54E-09 
3.13Eds 
3.13E49 
7.41E-10 
1.25Eds 
4.29E-09 

7.02E-04 
7.02E-09 
8.23E-06 
3.6SE-05 
1.63E-05 
1.756.08 
7.42E-08 
8.12E-09 
1.24E-10 
1.50E-06 
1.24E-07 
7.02E-09 
7.02E-10 
1 B6E-06 
2.81E-06 
Q.tME-09 

2.51 €64 
2.51 E49 
3.30E-06 
1 3OE-05 
S.63E-OB 
6.2SE-07 
2.6SE-08 
2.90E-09 

S.37E-09 
4.44t-06 
2.51 E-09 
2.SlE-10 
5.9SE-09 
1 DOE-06 

4.44E-11 

3.44E40 



Figure 10-2 

Formulae for Calculating CDI for Groundwater 

GROUNDWATER INGESTION PATHWAY 

Residential Scenario: 

Non-Carcinogens - Child - Residential Scenario: 

Cw x IR,,,,,,, x EF, x EDaid x FI 

x B W M  

Non-Carcinogens - Adult - Residential Scenario: 

c w  x %,,It x mrs x EDaduIt x 

Carcinogens (based on a fiferime weighted average): 

Figure 10-2 is continued on the following page 
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Figure 10-2 (continued) 

Formulae for Calculating CDI for Groundwater 

PATHWAY: GROUNDWATER INHALATION WHILE SHOWERING 

Residential Scenario: 

In accordance with Supplemental Guidance to RAGS, Region IV Bulletin, Exposure 20 VOCs 
During Domestic Water Use: Contributions From Ingestion, Showering, and Other Uses, 
June 1994: 

CDIwhn = CDI- 

Variable Description 

average child body weight (ages 1-6) (kg) 
average adult body weight (kg) 
child exposure duration during (ages 1-6) (yr) 
adult exposure duration during (ages 7-31) (yr) 
adult worker exposure duration during Qr) 
residential exposure frequency (dayslyear) 
worker exposure frequency (dayslyear) 
child water intake rate (mglday) 
adult water intake rate (mglday) 
fraction ingested from contaminated source (unitless = 1) 
averaging time (carcinogen) , 

averaging time (non-carcinogen adult) 
averaging time (noncarcinogen child) 
chemical concentration in groundwater (mg/l) 

Notes: 
CDI indicates Chronic Daily Intake 
The worker and adolescent child trespasser scenario risk and hazard were calculated by 
substituting receptor group-specific assumptions into the adult or child portions of the 
formulae. 
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receptor are listed beneath the formulae in the figure. Tables 10-27 and 10-28 present 

groundwater ingestion CDIs for future Site residents for the shallow/intermediate and deep 

water-bearing zones, respectively. 

Inhalation of Volatilized COPCs during Domestic Water Use 
The following equation is used to estimate VOC doses resulting from inhalation of VOCs during 

domestic groundwater use: 

I, = I, 

where: 

1, = VOC inhalation dose (mg/kg-day) 

1, = ingested dose (mg/kg-day) 

USEPA Region IV Supplemental Groundwater VOC Guidance considers inhalation exposures 
during showering and other domestic activities equivalent to exposure from ingestion of 2 Uday 
of contaminated tap water. As a result, the inhalation CDIs have been set qual to the ingestion 
CDIs for each volatile groundwater Contaminant. Calculation of risWhazard associated with the 

inhalation pathway necessitates the use of chemical-specific inhalation slope factors and/or 

references doses. Where available, inhalation-based toxicological values have been applied in 

Section 10.5. No deep groundwater inhalation CDIs were computed because no VOCs were 
detected in this formation. 

10.3.5.3 Surface Water Exposure Pathways 

Ingestion of COPCs in Surface Water 

The following equation is used to estimate the ingestion of COPCs in surface water: 



Table 10-27 
Chronic Daily Intakes for Future Residents 
Ingestion and Inhalation of Shallow and Intermediate Groundwater 
NAS Pensamla. OUlO and Sie 13 Combined 
Pensacola, Florida 

Exposure Point 
Concentration 

Chemical (mgn) 

1,l-Dichloroethane 
1.2-Dichlorobenzene 
1 ,2-Dichloroethene (total) 
1.3Dichlorobenzene 
1 ,QDichlorobenzene 
2.4Dichlorophenol 
Acenaphthene 
Aluminum 
Arsenic 
Benzene 
Bis(2-ethylhexyl)phthalate 
Cadmium 
Carbon Disulfide 
Chlorobenzene 
Chromium 
Dieldrin 
Hexachloroethane 
Lead 
Manganese 
Mercury 
Naphthalene ’ Tetrachloroethene 
Trichloroethene 
Vanadium 
Mnyl Chloride 

NOTES: 

0.065 
1.17 

0.00276 
0.274 
0.442 

0.00153 
0.00187 

8.66 
0.0077 
0.0016 

O.OO804 
0.01 09r 
0.0022 
0.320€ 

0.01 9oE 
0.00000? 
0.001w 
0.006352 
0.19341 

0.000624 
0.00781 
0.00731 
0.0017 

0.021 72 
0.00321 

Future Use 
Resident Adutl Rasidcnt Child Resident Iwa 

H-CDI H-CDI C-CDI 
(mancsl day) (msncs, day) (mgkglday) (a) 

1.78E-03 
3.19E42 
7.56E-05 
7.50E-03 
1.21 E M  
4.1 9E-05 
5.12E-05 
2.37E-01 
2.12E-04 
4.45E-05 
2.20E-04 
3.00E-04 
6.30E-05 
8.79E-03 
5.22E-04 
8.22E-00 
2.97E-05 
1.74E-04 
5.3OE-03 
1.71 E-05 
2.14E-04 
2.00E-04 
4.66E-05 
5.95E-04 
8.79E-05 

4.16E-03 
7.45E-02 
1.76E-04 
1.75E-02 
2.82E-02 
9.78E-05 
1 .BE44 
5.54E41 
4.94E-W 
1.04E-04 
5.1 4E-04 
6.99E-04 
1.47E-04 
2.05E-02 
1.22E-03 
1.92E-07 
6.92E-05 
4.06E-04 
1.24E-02 
3.99E-05 
4.99E-04 
4.67E-W 
1 .WE44 
1.39E-03 
2.05E-04 

9.67E-W 
1.73E-02 
4.10E-05 
4.07E43 
6.57E-03 
2.28E-05 
2.78E-05 
1 29E01 
1.15E-W 
2.42E-05 
1.20E-04 
1.63E-04 
3.42E-05 
4.77E-03 
2.83E-04 
4.46E-08 
1.61 E-05 
9.45E-05 
2.88E-03 
9.28E-06 
1.16E44 
1 .@E44 
2.53E-05 
3.23E-04 
4.77E-05 

a Carcinogenic chronic daily intake is based on the lifetime weighted average (hm) of an 
adult age 7-31 and a child age 1-6. 

CDI Chronic daily intake in units of mg/kg/day. 
H-CDI CDI for hazard quotient. 
C-CDI CDI for excess cancer risk. 



Table 10-28 
Chronic Daily Intakes for Future Residents 
Ingestion of Deep Grwndmter 
NAS Pensacda, OUlO 
Pensacda, Fkrida 

Exposure Point 
concentration 

Chemical (rngd) 

Aluminum 
Arsenic 

11.8 
0.0048 

Future UK 
ReoidentAd~l! R d d ~ ~ t C h i W  RddMthblI 

HGD! H-CDI C-CDI 
(mgkdday) (W C y )  (mglkgldaY) (a) 

1 .=EO1 3.23E-01 7.54E-01 
1.32E-04 3.07EW 7.14E.05 

NOTES: 
a Carcinogenic chronic daii intake is based on thc lifetime weighted f ~ ~ a g e  

(ha) of an adul age 7-31 and a child age 16. 
CDI Chronic daily intake in units of rngkglday. 

H-CDI CDI for hazard quotent. 
C-CDI CDI for excess cancer risk. 
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‘where: 

Z, = ingested surface water dose (mglkg-day) 

c w  = concentration of contaminant in surface water (mg/L) 
IR = ingestion rate (L/day) 

EF = exposure frequency (dayslyear) 

ED = exposure duration (years) 
BW = body weight (kg) 

AT = averaging time (days) 

Figure 10-3 provides the formulae for calculating groundwater CDI, which includes the 

calculation of surface water ingestion by current child trespassers and future Site residents during 

recreational activities. Surface water ingestion exposure parameters reflective of RME e x p u r e  
for each receptor are listed beneath the formulae in the figure. Table 10-29 presents surface 
water ingestion CDIs for current child trespassers and future Site residents. * 
10.3.5.4 Sediment Exposure Pathways 

Incidental Ingestion of COPCs in Sediment 

Quantification of carcinogenic risk and hazard for COPCs identified in sediment at OU 10 and 

Site 13 for the incidental ingestion pathway is estimated from the general equation: 

where 

FI 

EF 

ingested dose of COPC (mg/kg-day) 

concentration of COPC in sediment (mg/kg) 
ingestion rate of sediment (mg/d) 

fraction of daily intake from contaminated source (unitless) 

exposure frequency (day slyear) 
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Figure 10-3 

Formulae for Calculating CDI for Surface Water 

SURFACE WATER INGESTION PATHWAY 

Residential Scenario: 

Non-Carcinogens - Child - Residential Scenario: 

c, x b , w  x EF,x ED,, x FI - CD1NC4Z - 
ATNC-C Bwchiid 

Non-Carcinogens - Adult - Residential Scenario: 

Carcinogens (based on a lifetime weighted average): 

Figure 10-3 is continued on the following page 
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Variable 

R a t a , a d u l t  
FI 
AT, 

ATNC-C 

Figure 10-3 (continued) 

Formulae for Calculating CDI for Surface Water 

Description 

average child body weight (ages 1-6) (kg) 
average adult body weight (kg) 
child exposure duration during (ages 1-6) (yr) 
adult exposure duration during (ages 7-31) (yr) 
residential exposure frequency (dayslyear) 
child water intake rate (mg/day) 
adult water intake rate (mg/day) 
fraction ingested from contaminated source (unitless = 1) 
averaging time (carcinogen) 
averaging time (noncarcinogen adult) 
averaging time (non-carcinogen child) 
chemical concentration in surface water (mg/l) 

Notes: 
CDI indicates Chronic Daily Intake 
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Table 10-29 
Chronic Daily Intakes for Future Residents 
and Trespassing Children - Ingestion of Surface Water 
NAS Pemacola. OUlO 

Potential Future Use 

Exposure Point 
Concentration 

C hernical (mglL) 

Aluminum 1.28 
Cadmium (water) 0.0052 
Manganese 0.28 
4,4DDD o.Ooo11 
Heptachlor epoxide 1.3E-06 

Resident Adult 

(mgikglday) 
H-CDI 

6.77E-04 
2.75E-06 
1.48E-04 
5.82E-08 
6.88E-10 

Resident Child 

(mglkglday) 
H-CDI 

4.25E-03 
1.73E-05 
9.31 E44 
3.66E-07 
4.32E-09 

Resident Iwa 

(mglkglday) (a) 
C-CDI 

5.97E-04 
2.43E- 
1.31 E44  
5.1 3E-08 
6.08E-10 

curlent use 
Trespassing Child Trespassing Child 

(age 7-1 6) (age 7-16) 
H-CDI C-CDI 

(mglkglday) (mglkglday) 

5.27E44 7.53E-05 
2.1 4E-06 3.06E-07 
1.15E-04 1.65E-05 
4.53E-08 6.47E-09 
5.35E-10 7.64E-I 1 

NOTES: 
a Carcinogenic chronic daily intake (CDI) h based on the llfetime welghted average (Ma) of an adult age 7-31 and a chHd age 1-6. 

CDI Chronic daily Intake in units of mglkglday. 
H-CDI CDI for hazard quotient. 
C-CDI CDI for excess cancer risk. 
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- 

ED = exposure duration (year) 

CF = conversion factor (lod kg/mg) 

BW = body weight (kg) 
AT = averaging time (day) 

Figure 10-4 provides the formulae used to calculate sediment pathway CDIs, which includes 

calculation of the sediment ingestion contributions for the future residential receptors during 

recreational activities and current child trespassers. Sediment ingestion exposure parameters for 

each receptor, reflective of the RME, are listed beneath the formulae in the figure. Incidental 

sediment ingestion CDIs for OU 10 and Site 13 are presented in Table 10-30 and 10-31, 

respectively for all pertinent receptor groups and toxicological endpoints. 

Dermal Contact with COPCs in Sediment 

Unlike the methodologies for estimating inhaled or ingested dose of COPC, which quantify the 

dose presented to the barrier membrane (the pulmonary or gastrointestinal mucosa, respectively), 

dermal dose is estimated as the dose that crosses the skin and is systemically absorbed. For this 

reason, dermal toxicity values are also based on absorbed dose (see Section 10.4). The absorbed 

dose of COPC from sediment is estimated from the equation: 

A, = (C,) (S A) ( AF) (A BS ) (EF) (ED) (CF)/ (B W) (AT) 

where 

As = dermally absorbed dose of COPC (mg/kg) 

c, = concentration of COPC in sediment (rng/kg) 
SA = 

AF = soil (sediment)-to-skin adherence factor (mg/cm2) 

ABS = absorption factor (unitless, chemical-specific value) 

EF = exposure frequency (daydyear) 

surface are of the skin available for contact with sediment (cm2/event) 
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Figure 10-4 

Formulae for Calculating CDI for Sediment 

SEDIMENT INGESTION PATHWAY 

Residential Scenario: 

Non-Carcinogens - Child - Residential Scenario: 

Non-Carcinogens - Adult - Residential Scenan'o: 

Carcinogens (based on u lifetime weighted average): 

1 x EF, x F x FI x ED,, + &,,udu,, x EF, x F x FI x ED,,, 
BW,,,, BWulUh 

CDI, = C- x 
ATC 

Figure 10-4 is continued on the following page 
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Figure 10-4 (continued) 

Formulae for Calculating CDI for Sediment 

SEDIMENT DERMAL CONTACT PATHWAY 

Residential Scenario: 

Non-Carcinogens - Child - Residenfial S c e n h :  

C, x CFted/dd x EF, x F x FC xAF x ABS x ED- 
- CD1IiC-C - 

ATNcc x BWM 

Non-Carcinogens - Adult - Residential Scenario: 

C, x CFswalt x EF, x F x FC x AF x ABS X ED, 

Carcinogens (based on a rifetime weighted average): 

CDI, = ~ 

I G x [ CF...ckhlld x EF,,x F x FC x AF x ABS x ED,, + ad, x EF-x F x FC x AF x ABS x ED,, 
AT, BWch, BW,, 

Figure 10-4 is continued on the following page 
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Figure 104 (continued) 

Formulae for Calculating CDI for Sediment 

Variable Description 

average child body weight (ages 1-6) (kg) 
average adult body weight (kg) 
average child trespasser body weight (kg) 
absorbance factor (unitless value specific to organic versus inorganic 
compounds) 
adherence factor (1 mg/cm? 
child exposure duration during (ages 1-6) (yr) 
adult exposure duration during (ages 7-31) (yr) 
adult worker exposure duration during (yr) 
child trespasser exposure duration during (ages 7-16) (yr) 
residential exposure fnquency (dayslyear) 
worker exposure fresuency (days/year) 
trespasser exposure fresuency (dayslyear) 
fraction contacted from contaminated source (initless = 1) 
child soil de& contact factor (cm*/day) 
adult soil dermal contact factor (cm2/day) 
child trespasser soil dermal contact factor ( d / d a y )  
averaging time (carcinogen) 
averaging time (noncarcinogen adult) 
averaging time (noncarcinogen child) 
averaging time (non-carcinogen chid trespasser) 
chemical concentration in sediment (mgkg) 
conversion factor (1 E-6 kg/mg) 
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Pensacola, Florida 
Exposure 

Point 
Concantdon 

Chemkai (mfin) 

Aluminum 
Crnenic 
Cadmium (food) 
Chromlum 

Future Land Ut0 

Resident child Residant adult Resldent )m 

HCM HCM CCOl 

(mglkgday) (mg/kgday) (mpncv-day) 

NOTES: 

4150 
6.2 

34.6 
1180 

3.61E-03 2.17E-04 4.08E-04 

3.01E-05 2.39E-06 3.4oE-06 
1.03E-03 8.17E-05 l.lBE# 

5.39E-06 4.29E-07 6.oBE-07 

cw.nt us. 
Trespassing ChHd Trrtpsslng Child 

(age 7-16) (q 7-16) 
H-CM CCM 

(mp/kMY) (mg/k*Y) 

1.31E-03 1 .ME44 
1 gSE-06 2.80507 
l.loEo5 1 .!BE08 
3.74E-04 5.34E45 

)m L d d m  mightad average; W to cakulah arclnogenk CM, RAGS Parts A and B. 
C M  Chronk Daily Intake In mg/kgday. 

HCDl C M  fix h m r d  quohnt. 
C C M  C M  fix exc.u anm risk. 
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Table 10-31 
Chronic Daily Intakes 
for Recreational and Trespassing Exposure Scenarior I 

IncMental Ingestion of Site 13 Sediment 
NAS Pensacola, Site 13 
Pensacola, Florida 

Future Use c m  use 
Trespassing Child Trespasslng Child 

ResMent Child ResMent Adult 

Aluminum l.ZOE-03 
Arsenic 4.81 E-06 6.88E-07 
Beryllium 2.63E-07 3.76E1-08 
Cadmium (food) 1 B2E-06 2.32E-07 
Chromium 5.03E-05 7.1 9E1-06 
Manganese 4.53E-05 6.47E-08 
Vanadium 2.28E-05 3.25E-08 
Bemo(s)pyrene 5.7oE08 1.14E-09 

NOTES: 
hw Lifetime weighted average; used to calculate can%ogenk CDI, RAGS Pads A and B. 

CDI Chronk Dab IMke  In m@Rgday. 
H-CDI CDI for hazard quotient. 
C-CDI CDI for excess cancer risk. 
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ED = exposure duration (years) 

CF = conversion factor (lo4 kglmg) 

BW = body weight (kg) 

AT = averaging time (days) 

As the equation for dermal absorbed dose is written, the absorbed dose is expressed in terms of 

mg/kg-day. This assumes that the exposed skin surface area is constant for each exposure, and 
that one exposure occurs per day. A, must be expressed as mg/kg-day to be compatible with 

the expression of dermal toxicity values as mg/kg-day for non-cancer effects and as reciprocal 

mg/kg-day for carcinogenicity. 

Figure 10-4 provides the formulae for calculating sediment CDI, which includes calculation of 

the dermal contact with sediment contributions for the current child trespasser and future Site 

residents during recreational activities. Dermal contact with sediment contaminants reflective 

of RME for each receptor are listed beneath the formulae in the figure. Dermal reference doses 

and cancer slope factors are derived from the corresponding oral values. The methodology 

regarding the derivation of these factors is discussed in Section 10.4. Dermal contact sediment 

exposure CDIs are presented in Tables 10-32 and 10-33 for all pertinent receptor groups and 
toxicological endpoints. 

0 

10.4 Toxicity Assessment 

10.4.1 Carcinogenicity and Non-cancer Effects 

The USEPA has established a classification system for rating the potential carcinogenicity of 
environmental contaminants based on the weight of scientific evidence. The cancer classes are 
described below. Cancer weight-of-evidence class "A" (human carcinogens) means that human 
toxicological data have shown a proven correlation between exposure and the onset of cancer 

(in varying forms). The "B 1 " classification indicates some human exposure studies have 
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Exposure 
Dermal Point 

Absorption Factor Concentration 
Chemical (unitless) (mgncg) 

Aluminum 0.001 41 50 
Arsenic 0.001 6.2 
Cadmium (food) 0.001 34.6 
Chromium 0.001 1180 

cwcnt use 
Trespassing ChHd Tmpsslng Child 

(age 7-16) (age 7-1 6) 
H-CDI C-CDI 

b 

Future Land Use 

Resident child Resident adult Resident hva 
H-CDI H-CDI C-CDI 

(mencg day) ( W g d a Y )  (mg/kgday) 

2.1 2E-04 6.93E45 4.57E-05 
3.17E-07 1 .ME47 6.82E-08 
1.77E-08 5.78E-07 3.81 E47 
6.03E-05 1.97E-05 1.30E-05 

7.41 E-06 5.19E46 
7.75E-08 1.11E-08 
4.33E-07 6.18E-08 
1.48EOJ 2.1 1 E06 

NOTES: 
hva Lifetime weighted average; used to cakutate carcinogef~ic CDI, RAGS Parts A and B. 

CDI Chronic Daity intake in m g d a y .  
H-CDI CDI for b r d  quotknt. 
C-CDI CDI for excess cancer Wf. 

- The dermal absorption fador was appRad to the exposure palnl conccntratkn to nfkd the different bansdermal 
migration d WgMdC versua organic chemicals. 
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€upsure 
Dermal Pdnt 
Absorption Factor Concentration 

Chemical (unllers) (rnglkg) 

Aluminum 
Arsenic 
Beryllium 
Cadmium (food) 
Chromium 
Manganese 
Vanadium 
Benzo(a)pyrene 

Future Use current urn 
Trespassing ChHd Trespassing CMld 

Resident Child Rcddcnt Adult ResMent tuw (age 7-16) (W 7-16) 

(WMl day) tmenca dily) (mancg -day) (mencg-d ay) (manca-day) 
H-CDI H-CDI C-CDI H-CDI C t D l  

0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.01 

26600 
15.2 
0.83 
5.13 
159 
143 
71.9 
0.18 

1.36E-03 
7.77E-07 
4.24E-08 
2.62E-07 
8.12E-06 
7.31 E-06 
3.67E-06 
9.20E-08 

4.44E-04 
2.54E-07 
1.39E48 
8.56E48 
2.66E-m 
2.39E1-138 
1.20E-06 
3.01 E-OB 

2.69E-04 
1 S4E-07 
838E-09 
5.18E-08 
1.61 E-06 
1 
7.26E-07 
1.82E-08 

3.33E-04 
1 .90€-07 
1.04EM) 
6.41 E-OB 
1.99E- 
1.79E-06 
8.99E-07 
2.25E-06 

NOTES: 
lwa Lifetime weighted average; used to calculate carcinogenic CDI, RAGS Parts A and E. 
CDI Chronic Daily Intake in mgkgday. 

H-CDI CDI for hazard quotient. 
C-CDI CDI far excess cam rlsk. 

- The dermal absorpHon factorw appRad tothe eIqKlwra pold -to reflect the differenttrans-dcrmd 
migration of Inorganic vmus argank chemicals. 

4.75E.05 
2.71 E-06 
1.48E-09 
9.16E-09 
2.84E-07 
2.56E.07 
1.28E.07 
3.21 E-09 
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implicated the compound as a probable carcinogen. Weight-of-evidence class "B2" indicates a 

possible human carcinogen, a description based on positive laboratory animal data (for 

carcinogenicity) in the absence of human data. Weight-of-evidence class "C" identifies possible 

human carcinogens, and class "D" indicates a compound not classifiable with respect to its 

carcinogenic potential. The USEPA has established slope factors (SF) for carcinogenic 

compounds. The SF is defined as a "plausible upper-bound estimate of the probability of a 

response (cancer) per unit intake of a chemical over a lifetime". 

In addition to potential carcinogenic effects, most substances can also produce systemic toxic 

responses at doses greater than experimentally derived threshold levels. The USEPA has derived 

Reference Dose (RfD) values for these substances. A chronic RfD'is defined as "an estimate 

(with uncertainty spanning perhaps an order of magnitude or greater) of a daily exposure level 

for the human population, including sensitive subpopulations, that is likely to be without an 
appreciable risk of deleterious effects during a lifetime." These toxicological values are used 

in risk formulae to assess the upper-bound level of cancer risk and noncancer hazard associated 

with exposure to a given level of contamination. 

* 
For carcinogens, the potential risk posed by a chemical is computed by multiplying the CDI (as 
mg/kg-day) by the SF (in reciprocal mg/kg-day). The hazard quotient (for noncarcinogens) is 
computed by dividing the CDI by the RfD. The USEPA has set standard limits (or points of 
departure) for carcinogens and noncarcinogens to evaluate whether significant risk is posed by 
a chemical (or combination of chemicals). For carcinogens, the USEPA point-ofdeparture 

range is 1E-6, with a generally excepted range of 1E-4 to 1E-6. These risk values correlate with 
1 in 10,OOO and 1 in 1,0o0,0o0 excess cancer incidents resulting from exposure to xenobiotics. 
The FDEP risk threshold is 1E-6. which was used in this BRA. 

For noncarcinogens, other toxic effects are generally considered possible if the hazard quotient 

(or sum of hazard quotients for a pathway-hazard index) exceeds unity (a value of 1). Although 
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both cancer risk and noncancer hazard are generally additive (within each group) only if the 

target organ is common to multiple chemicals, a most conservative estimate of each may be 
obtained by summing the individual risks or hazards regardless of target organ. This baseline 

risk assessment has taken the universal summation approach for each class of toxicant. 

Additional details regarding the risk formulae applied to OU 10 and Site 13 media are provided 

in Section 10.5. 

Table 10-34 summarizes toxicological data in the form of RfDs and SFs obtained for each COPC 

identified in OU 10 and/or Site 13 media. Critical studies used in the establishment of toxicity 

classifications by USEPA are shown in the Integrated Risk Information System (IRIS) database 

(primary source) and/or Health Effects Assessment Summary Tables (HEAST) Fiscal Year 1994 

(secondary source). In addition, the USEPA Region 111, Risk-based Concentration Tables, Third 

Quarter 1994 were found to contain toxicological values not listed in primary or secondary 
sources. Where applicable, these values were also included in the database for this BRA. 

Drinking standards in the form of federal and State of Florida MCLs and guidance levels have 

been established for a number of chemicals detected in groundwater in the study area. These 
chemicals include hazardous substances identified as toxicants (carcinogens and/or 

noncarcinogens) in published research studies. These standards are considered ARARs for 

groundwater potentially used as a source of potable water. The available drinking water 

@ 

standards for compounds detected in groundwater are included in the groundwater risk 

characterization and risk uncertainty discussions for reference. 

10.4.2 Evaluating Dermal Toxicity 

Dermal RfD values and SFs are derived from the corresponding oral values. In the derivation 
of a dermal RfD, the oral RfD is multiplied by an oral absorption factor (ABF), expressed as 
a decimal fraction. The resulting dermal RfD is an RfJl based on the absorbed dose. The RfD 
based on absorbed dose is the appropriate value with which to compare a dermal dose, because 
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Table 10-34 
Toxicological Database Information for Chemicals of Potential Concern 
NAS-Pensacola OUIO and Site 13 
Pensacola. Florida 

Oral Inhalation 
Reference Dose Reference Dose 

Chemical (mglkglday) (mgikglday) 

1 ,I-Dichloroethane 
1.2-Dichlorobemene 
1.2-Dichloroethene (total) 
1 .3-Dichlorobenzene 
I ,+Dichlorobenzene 
2 ,4-Dichlorophenol 

Acenaphthene 
Aluminum 
Arsanlc 
Benzene 
Benzo(s)anlhracene 
Benzo(a)pyrene 
Benzo(b)fluorsnthene 
Benzo(k)fluoranthene 
Ber$lium 
~is(2-chlor~thyi)ethc~r 
Bis(2afhylhexyl)phthalate 
Cadmium (food) 
Cadmium (water) 
C a m  disulfide 
Chlorobenzene 
Chromium 
Copper 
Dibenz(a,h)anthracetw 
Dieldrin 
Heptachlor epoxide 
Hexachloroethane 
Indeno(l.2.3cd)pyrene 
Lead 

'Magnoslum 
Manganese 

4.4-DDD 

0.1 b 
0.09 a 

0.009 b 
0.089 d 

ND 
0.003 a 

ND 
0.06 a 

I d  
0.0003 a 

ND 
ND 
ND 
ND 
ND 

0.005 a 
ND 

0.02 
0.001 a 

o.ooo5 a 
0.1 a 

0.02 a 
0.005 a 

0.0371 b 
ND 

SEOS a 
1.3E-05 8 

0.001 8 

ND 
ND 

0.014 
0.m a 

0.143 c 
0.04 c 
ND 
ND 

0.229 a 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.0029 b 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.00171 e 

0.00571 c 

1.43505 8 

Oral Cancer Inhalation Cancer 
Potency Factor Potency Fador 
[(rngikglday)~l [(mg/kg/day)]-l 

ND 
ND 
ND 
ND 

0.024 b 
ND 

0.24 a 
ND 
ND 

i.rs a 
0.029 a 

7.3 
7.3 a 
7.3 g 
7.3 
4.3 a 
1.1 a 

0.014 a 
ND 
ND 
ND 
ND 
ND 
ND 
7.3 g 
16 8 

9.1 a 
0.014 a 

7.3 g 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

15.1 a 
0.029 a 

6.1 g 
6.1 b 
6.1 g 
6.1 g 
8.4 8 

1.16 8 

ND 
6.3 a 
6.3 a 
ND 
ND 
42 a 
ND 
6.1 g 

ND 
ND 
6.1 g 
ND 
ND 
ND 

16.1 8 

Cancer UF 
TEF Classification Orpl 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
0.1 
1 

0.1 
0.01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
1 
NA 
NA 
NA 
0.1 
NA 
NA 
NA 

D 
ND 
ND 
ND 
82 
D 
82 
NA 
ND 
A 
A 
82 
82 
82 
82 
82 
82 
62 

Dl01 
DB1 

D 
C 

Nnh 
D 
82 
82 
82 
C 
82 
81 
ND 
D 

lo00 
ND 

lo00 
lo00 
30 
100 
ND 
3ooo 
ND 
3 

ND 
ND 
ND 
ND 
ND 
106 
M) 

lo00 
10 
10 

lo00 
500 
ND 
ND 
100 
lo00 
lo00 
ND 
ND 
1 
1 

io0  

MF 
orpl 

1 

UF Target 
Inhalation Organ or Effect 

loo0 
NO 
ND 
ND 
ND 

ND 
1 

1 

1 

1 
1 
1 
1 
1 
10 

1 
1 

NO 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 

lo00 
loo00 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
1 

L M R  
L M R  
L M R  
L M R  
L M R  
LMR.SPLEEN 
LNER 
L M R  
NA 
LMR.LUNG.KIDNEY 
BLOOD (LEUKEMA) 
U M R  
L M R  
L M R  
L M R  
LUNG 
LUNQ 
LNER 
ND 
ND 
CNS 
BLOOD.LMR 
ND 
GASTRO SYSTEM 

. L M R  
LIVER 
L M R  
KIDNEY 
L M R  
DNELOPMENTM 
CNS 
CNS 
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Table 10-34 
Toxicological Database Information for Chemicals of Potential Concern 
NAS-Pensacola OU10 and Sile 13 
Pensacola, Florida 

Oral 
Reference Dose 

Chemical (mglkglday) 
Mercury 0.0003 b 
Naphthalene ND 
PCB Aroclor-1260 ? E M  a 
Tetrachloroethene 
Thallium i 
Titanium 
Trichloroethene 
Vanadium 
Vinyl chloride 
Ynrium 

0.01 a 
8E-05 a 

ND 
0.006 e 
0.007 b 

ND 
ND 

trans-Nonachlor ND 

Inhalation 
Reference Dose 

(mglkglday) . 
8.57E-05 b 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Oral Cancer 
Potency Factor 
[(mg/kg/day)]-l 

ND 
ND 
7.7 

0.052 e 
ND 
ND 

0.011 h 
ND 
1.9 b 
ND 
ND 

Inhalation Cancer 
Potency Factor 

ND 
ND 

ND 
ND 

0.008 e 
ND 
0.3 b 
ND 
ND 

0.00203 e 

Cancer UF 
TEF Classifmtion Oral 
NA D lo00 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

D 
82 
C 

ND 
ND 
82 
D 
A 

ND 
ND 

ND 
ND 

lo00 
jooo 

NO 
ND 
100 
ND 
ND 
NO 

MF UF 
Oral Inhalation 

1 30 

ND 
1 ND 
1 ND 

NO 
ND 

1 ND 
NO 
ND 
ND 

NOTES: 
a Integrated Risk Information System (IRIS). 
b Heallh Elfects Assessment Summary Tables (HEAST). 
c HEAST alternative method. 
d Olher EPA documents including USEPA, Region I s  Risk-based Screening Camantration Tables, March 18,1994' and 'Risk-bad Concentralions T a b .  

e EPA Environmental Criteria and Assessment Office - Cincinnati (provkd) .  
f Valuer lor oral reference doses provided by Mr. Kevin Kopocec with lha Region N ECAO. 
g The oral and inhalalii cancer potency fsctors d r.3 and 6.1 [(mg/ltg/day)Fl. la Bento(s)pyrene. r e s p e c t i .  were used for an dher polynuclear aromalk 

Third Quarter 1994. July 1994'. 

hydrocarbons (PAHs). As reporled in the €-we Ausumen( Section of (h. risk asseumsn(. toxicity equivalency factors (TEFs) w m  applied to 
carcinogenic PAHs to convd their concentrotions to an equtvabnt mncenlralion of ko(a)pyrene. 

h Wlhdrawn from IRIS or HEAST. 
i The oral reference dose lor thallium carbonate was subsliiuled for thallium. 

ND Nd determined due to lad d information in available toxkdogioal dolabases. 
NA Not applicable or available. 
UF uncmiainty factor used to derive rderence dose. M d i n g  factor usad to derive rdsrsn~e dose. 

Target 
w a n  or Effect 
KIDNEY,CNS 
LIVER 
L M R  
L M R  
LMR.BLOOD,HAIR 
ND 
L M R  
LONGEVITY 
LMR,KIDNEY 
ND 
ND 
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dermd doses are expressed as absorbed rather than administered (intake) doses. For the same 
reasons, a dermal SF is derived by dividing the oral SF by the ABF. The oral SF is divided 

rather than multiplied because SFs are expressed as reciprocal doses. 

Appendix A of RAGS, Part A states that in the absence of specific data, an assumption of 

5% oral absorption would be a relatively conservative assumption. SuppZemru Guidance to 

RAGS: Region ZVBuZZetin indicates that in the absence of specific data, USEPA Region IV 
suggests an oral absorption factor of 80 percent for volatile organic chemicals, 50 percent for 

semivolatile organic chemicals and 20 percent for inorganic chemicals. These percentages (or 

associated fractions) were used in the BRA. 

10.4.3 Toxicity Profiles for COPCs 
As required for USEPA Region IV BRAS, brief toxicological profiles are included for all 

COPCs. Most information for the brief profiles below was gleaned from IRIS as a primary 

source, HEAST, as mentioned in the preceding text, and toxicological database information 

table. Another main source of information was Smith, R.L., USEPA Region ZII Risk Bared 

Screening Concentrations Table, March 1994. Any additional references are noted specifically 

in the briefs below (in parenthesis). The profiles summarize adverse effects of COPCs and the 

amount of the COPC associated with adverse effects. This means the inhalation reference dose 

(RfDi), oral reference dose (RfDo), inhalation slope factor (SFi), and oral slope factor (SFo) are 
included in the discussion where applicable. 

' 

1,l-Dichlumethane is a mutagen (i.e., can cause gene mutations) and a carcinogen (Le., can 

cause proliferation of mutated cells) in certain species. This compound has historically been 

used as an insect fumigant for stored grain products. However, 1,l-dichloroethane is not listed 

as a human carcinogen by USEPA due to a paucity of applicable data (group C classification). 

Chronic exposure to this compound could elicit an increase in certain enzymes. This change in 

enzyme activity could result in unexpected responses to other chemicals such as inhibitory or 0 
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' synergistic effects. In more sensitive species such as mice, chronic exposure to this compound 
is cytotoxic (Le., directly toxic to cells). 1,l-Dichloroethane is generally toxic to the nervous 

system, liver, kidneys, and heart. USEPA set the RfDo and RfDi to 0.1 and 0.143 mg/kg-day, 

respectively (Dreisbach, et al., 1987). 

1,2-Dichlomethene is a halogenated hydrocarbon associated with toxicity to the mucous 
membrane, skin, lung, cornea (irritation), and liver. This compound is less toxic than its alkane 

counterparts, and is neither mutagenic nor carcinogenic. There is no USEPA carcinogenicity 

listing for this compound. However, the RfDo has been set to 0.009 mg/kg-day by USEPA 
(Dreisbach, et al., 1987). 

Tetmchlomethene (PCE) has been used as a solvent in industry and occurs as a volatile 

contaminant in other chlorinated hydrocarbons. Tetrachloroethene exposure can result in long- 

lasting narcosis with delayed onset and damage to the liver and kidneys. The principal 

manifestations of over-exposure to this halogenated hydrocarbon are coma, jaundice and oliguria, 
imtation of the eyes and nose followed by headache and nausea. Cyanosis and central nervous 
system depression progressing to coma appear one to four hours after the short-term exposure. 

Liver and kidney damage after apparent recovery or after repeated exposures cause acute 

symptoms such as nausea, vomiting, abdominal pain, jaundice, oliguria, and uremia. PCE 

@ 

exposure via the inhalation and/or skin absorption exposure pathways could result in headache, 
tremor, dizziness, peripheral paresthesia, hypesthesia or anesthesia. PCE is a carcinogen, but 

is currently under review by USEPA; it is currently classified as a B2-C carcinogen. The RfDo 

has been set to 0.01 mg/kg-day, and the SFo and SFi have been set to 0.052 and 0.0023 (mg/kg- 
day)-', respectively, by USEPA (Dreisbach, et al., 1987). 

Trichlomefhene (TCE) is a mobile, volatile liquid which has the characteristic odor of 

chloroform. Inhalation, intravenous and subcutaneous routes are all viable exposure pathways 

for this compound. TCE is a strong skin and eye irritant that is relatively less toxic if ingested. a 
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Inhalation of high concentrations causes narcosis and anesthesia. This compound targets the 

liver and other organs. TCE is a B2 carcinogen, and the SFo and SFi have been set by USEPA 
to 0.01 1 and 0.006 (mg/kg-day)-', respectively. USEPA also set the RfDo to 0.006 mg/kg-day 

(Dreisbach, et al., 1987). 

Aluminum is one of the most abundant metals in the earth's crust, and it is ubiquitous in air and 

water, as well as soil. This metal is water-soluble, silvery, and ductile, which suggests its 

usefulness in many processes. Ingestion of aluminum can affect the absorption of other elements 

within the gastrointestinal tract and can alter intestinal function. Aluminum can potentially 

interfere with the absorption of essential nutrients and cholesterol absorption. Another effect 

on the gastrointestinal system is the inhibition of acetylcholine-induced contractions. These 

contractions are part of the neuromuscular system controlling bowel muscles. This effect could 

explain why aluminum-containing antacids often produce constipation. Aluminum dust is 
moderately flammable and explosive in heat. Inhalation of this dust can cause fibrosis 

(aluminosis). No data are available on an applicable slope factor or the USEPA cancer group. 

A representative of the USEPA Region IV Office of Health Assessment suggested using the 

provisional RfD, 2.9 mg/kg-day . The aesthetic-based Secondary Maximum Contaminant Limit 

(SMCL) for drinking water is 0.05-0.2 pg/l (Klaassen, et al., 1986) (Dreisbach, et al., 1987). 

0 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in 

chronically exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, 
and cardiovascular effects. USEPA set 0.3 pglkg-day as the RfD for arsenic based on a no 

observed adverse effect level (NOAEL) of 0.8 pglkg-day in a human exposure study. Arsenic's 

effect on the nervous and cardiovascular systems are primarily associated with acute exposure 

to higher levels. Exposure to arsenic-containing materials has been shown to cause cancer in 
humans. Inhalation of these materials can lead to increased lung cancer risk, and ingestion of 

these materials is associated with increased skin cancer rates. Arsenic has been classified as a 

group A carcinogen by USEPA, which set the 1.75 (mg/kg-day)-' SF for arsenic. Human milk @ 
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contains about 3pglL arsenic. The RBC for arsenic in tap water is O.O38pg/L (Klaassen, et al., 

1986). 

Beryllium exposure via the inhalation route can cause inflammation of the lungs, a condition 

lgown as Acute Beryllium Disease, as a result of short-term exposure to high concentrations. 

Removal from exposure results in a reversal of the symptoms. Chronic exposure to much lower 

levels of beryllium or beryllium oxide by inhalation has been reported to cause Chronic 

Beryllium Disease, with symptoms including shortness of breath, scarring of the lungs, and 

berylliosis, which is noncancerous growths in the lungs of humans. Both forms of Beryllium 

Disease can be fatal, depending on the severity of the exposure. Additionally, a skin allergy 

may develop when soluble beryllium compounds come into contact with the skin of sensitized 
individuals. An oral RfD of 0.0054 mg/kg-day has been set for beryllium based on a chronic 

oral bioassay (rats were the study species) which determined that no adverse effect occurs at 

0.54 mg/kg-day. Beryllium has been classified by USEPA as a group B2 carcinogen based on 
animal studies. It has been shown to induce lung cancer via inhalation in rats and monkeys, and 
to induce osteosarcomas in rabbits via intravenous or intramedullary injection. Human 
epidemiology studies of beryllium are considered to be inadequate. An inhalation slope factor 

of 8.4 (mg/kg-day)-' and an oral SF of 4.3 (mg/kg-day)-' have been set by USEPA 
(Gradient, 1991). 

Cadmium can upset the stomach, leading to vomiting and diarrhea in acute exposure; acute 
inhalation of cadmium-containing dust can imtate the lungs. Chronic exposure to cadmium, 

either via inhalation or ingestion, has been shown to cause kidney damage (including kidney 

stones), emphysema, and high blood pressure. Other tissues reportedly injured by cadmium 
exposure in animals and humans include the lungs, testes, liver, immune system, blood, and the 

nervous system. An oral RfD of 0.001 (mg/kg-day) has been determined by USEPA, based on 

human studies (food) involving chronic exposure in which significant increased protein was 

found in the urine. A separate oral RfD for water has been determined by USEPA to be 0.0005 @ 
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mg/kg-day. For inhalation exposure, cadmium has been classified by USEPA as a group B1, 
or probable human carcinogen, based on limited evidence from epidemiological studies in which 

an excess risk of lung cancer was observed in cadmium smelter workers. There is sufficient 

evidence of increased risk of lung cancer in rats and mice exposed to cadmium via inhalation. 
Seven studies in which cadmium was administered orally to rats and mice have shown no 

evidence of carcinogenic response following exposure via this route. An inhalation SF of 6.3 

(mg/kg-day)" has been set for cadmium (Gradient, 1991). 

Chromium exists in two stable, natural forms: trivalent (CrIII), and hexavalent (CrVI). Acute 

exposure to chromium can result in kidney damage following oral exposure, or damage to the 

nasal mucosa and septum following inhalation exposure. Chronic inhalation exposure to 

hexavalent chromium has resulted in kidney and respiratory tract damage, as well as excess lung 

cancer in both animals and humans following occupational exposure. Only hexavalent chromium 

is believed to be carcinogenic by inhalation. Oral RfD values for both forms of chromium 

are 1.0 and 5E-3 (mg/kg-day), respectively. For trivalent chromium, the RfD is based on liver 

toxicity in the rat. For the hexavalent form, the RfD is based on unspecified pathological 

changes observed in rat studies. In addition, hexavalent chromium is considered as a group A 

carcinogen for inhalation exposures, and a SFo of 42 (mg/kg-day)' has been established for the 

hexavalent form. Vitamin supplements contain approximately 0.025 mg of chromium 

(Gradient, 1991). 

@ 

Manganese is an essential nutrient. Chronic exposure to manganese, 0.8 mg/kg-day, causes 

mental disturbances. Studies have shown that manganese uptake from water is greater than 
manganese uptake from food, and the elderly appear to be more sensitive than children. Because 
of the different uptake rates in water and food, USEPA set two oral RfDs, one for water and 
one for food. These RfDs are 0.005 and 0.14 mg/kg-day, respectively. Inhalation of 

manganese dust causes neurological effects and increased incidence of pneumonia, and an 

inhalation RfD was set to O.oooO143 mg/kg-day. According to USEPA, manganese can not be 0 
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classified as to its carcinogenicity. Therefore, the cancer class for manganese is group D. The 

typical vitamin supplement dose of manganese is 2.5 mg/day (Klaassen, et al., 1986) , 

(Dreisbach, et al., 1987). 

TCB Amclots are a group of chlorinated hydrocarbons (such as aroclor 1260) that accumulate 

in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs causes eye and lung 

irritation, loss of appetite, liver enlargement, increased serum liver enzyme levels, rashes and 

chloracne, and decreased birth weight of infants in heavily exposed worker/mothers. Of the 

effects listed above, the liver is the primary target organ. USEPA classified PCB aroclors as 
group B2 carcinogens, primarily based on animal data. Oral ingestion of PCBs causes liver and 

stomach tumors in rat studies. USEPA set 7.7 (mg/kg-day)-' as the SFo for PCB aroclors, and 

the RfD was set to O.ooOo7 mg/kg-day (Klaassen, et al., 1986) (Dreisbach, et al., 1987). 

Dieiiinn is a polycyclic chlorinated pesticide. Short-term exposure to high doses of dieldrin 

causes tremors and convulsions. Chronic exposure can cause emotional and neuromuscular 

disturbances. Exposed individuals revert to normal approximately one week after the dieldrin 

source is removed. Dieldrin is classified as a B2 carcinogen by USEPA; the SFo, SFi, and 

RfDo were set to 16 (mg/kg-day)-', 16.1 (mg/kg-day)', and O.ooOo5 mg/kg-day, respectively 

(Dreisbach, et al., 1987). 

Polyammatic Hydrocarbons (PAHs) include the following list of COPCs: 

Benzo(a)an thracene TEF = 0.1 

Benzo@)fluoranthene TEF = 0.1 

Dibenz(a, h)an thracene TEF = 1 .o 

Benzo(a)pyrene TEF = 1 .o 
Benzo(k)fluoranthene TEF = 0.01 

Indeno( 1,2,3-~d)pyrene TEF = 0.1 
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Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 
above have not been well established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 
carcinogenicity is addressed relative to that of benzo(a)pyrene, having a SF 7.3 (mg/kg-day)-l. 

Toxicity Equivalency Factors (TEF), also set by USEPA, are multipliers that are applied to the 
detected concentrations, which are subsequently used to calculate excess cancer risk. These 
multipliers are discussed further in Section 10.3. Most carcinogenic PAHs have been classified 

as such due to animal studies using large doses of purified PAHs. There is some doubt as to 

the validity of these listings, and the SFs listed in USEPA's RBC Table are provisional. 

However, these PAHs are carcinogens when the exposure involves a mixture of other 

carcinogenic substances (Le., coal tar, soots, cigarette smoke, etc.) (Klaassen, et al., 1986). 

bis(2-chZoroefhyl)erher is a carcinogen affecting the liver. Its primary noncarcinogenic targets 

would be the liver and kidney, based on the structural similarity to bis(2-chloromethy1)ether. 

USEPA set the SFi and SFo to 1.16 and 1.10 (mg/kg-day)-', respectively. These values were 
obtained from the RBC Screening Table, USEPA Region 111. 

@ 

bis(2-efhyZhexyZlphtu~e, otherwise known as DEHP, is a plasticizer used in virtually every 

major product category. Phthalate esters are ubiquitously distributed in the environment. 

Although the toxicity of this compound is relatively low, it is a carcinogen. Reproductive effects 

are also possible (indicated in animal studies) due to chronic exposure to DEHP. This 
compound is classified as a B2 carcinogen, and USEPA set the RfDo and SFo to 0.02 mg/kg- 

day and 0.014 (mg/kg-day)-', respectively (Klaassen, et al., 1986). 

Benzene is a volatile organic chemical which has been associated with leukemia. This chemical 

has been used as a solvent in coal tar naphtha, rubber, and plastic cement. USEPA lists benzene 

as a group A carcinogen. In large doses, benzene depresses the central nervous system, and 

chronic exposure depresses bone marrow. The oral SF for benzene was set by USEPA as 0 
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2.9E-2 (mg/kg-day)-’, and an oral RfD has not been set. Occupational inhalation exposure to 
benzene is acceptable by OSHA at levels of 3.25 mg/m3 or 1 ppm in air (Dreisbach, et al., 

1987) (NIOSH, 1990). 

tmns-Nonachlor, first produced in 1948, is an insecticide. 

information was readily available (Funn chemicals Handbook, 1990). 

No additional toxicological 

Copper is nutritionally essential for many of the body’s enzymes. In the past, lead pipes and 

solder were used for residential water pipes, and resulting lead concentrations in drinking water 

exceeded the guidelines set by the USEPA. Copper has been used to replace water pipes in 

residences due to its lower toxicity to man. Short-term exposure to copper can result in anemia 

(the lack of iron), the breakdown of red blood cells, and liver and kidney lesions. The target 

organs for copper are the liver, kidney, and red blood cell. Vitamin C reduces copper uptake 

from the gut, and other substances can also influence copper uptake. Copper fumes can cause 

metal fume fever. The RfD set by the USEPA is 0.0371 mg/kg-day, which is 2.6 mg/day for 

the average adult (70 kg). In typical vitamin supplements, 2 mg/day is the approximate dose 

(NRC, 1989) (Klaassen, et al., 1986). 

@ 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RfD 
or SF has been set by USEPA. However, an action level for soil has been proposed by USEPA 
Region IV, 400 mg/kg. An RfD and SF has not been set because of the confounding nature of 

lead toxicity. Lead accumulates in fat tissue, affects the brain, blood, and mental development 

of children. RfD’s are based on the assumption that a threshold must be exceeded to result in 

toxic effects (other than carcinogenicity). Once lead accumulates in the body, other influences 

cause the actual levels in the blood to fluctuate- sometimes the lead is attached to binding sites, 
and sometimes lead is free flowing. If an exposed individual has previously been exposed to 

lead, this individual could lose weight, and set fat-bound lead free. This fluctuation and lack 
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of previous lead exposure data are two of the reasons lead effects are difficult to predict 

(Klaassen, et al., 1986). 

Mercury occurs in three forms: elemental, organic, and inorganic. The major source of this 
element is the degassing of the earth’s crust. Organic mercury was not detected at NAS 

Pensacola, OU 10 or Site 13. Target organs of inorganic mercury include the kidney, nenrous 

system, fetus, and neonate. In other words, this inorganic can be toxic to a fetus if the mother 

is exposed during pregnancy. Mercury is toxic to all cells in the body- it binds to enzymes 

in the cells and disrupts their function, usually causing the cell to be useless or die. Because 
this inorganic is concentrated in the kidney prior to excretion, the kidney is a major target organ 

for mercury ingestion. The primary target of mercury .vapor is the brain. Some forms of 

mercury are drawn toward fats in the body (such as the nervous system), where the form is 
changed into its toxic form. This causes the nervous disorder known as Minimata disease, 

overexposure to mercury through ingestion of contaminated fish. The fish ingested inorganic 

mercury from an industrial discharge, and the inorganic form was metabolized to organic 

mercury. USEPA set mercury’s RfD to 0.0003 mg/kg-day (inorganic form). Mercury is liquid 

at room temperature, and is poorly absorbed in this form if ingested. Typical daily exposure is 
less than 1 &l-day (Klaassen, et al., 1986) (Dreisbach, et al., 1987). 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 
past as a rodenticide and ant killer, and its use for these purposes is now prohibited. This 

element remains in the body for a relatively long time, and could accumulate if the chronic dose 

is large. USEPA’s RfDo for thallium is 0.00008 mg/kg-day (Klaassen, et al., 1986) 

(Dreisbach, et al., 1987). 

manium, although not on the Target Analyte List (TAL), was reported to be a COPC because 

this element was reported by USEPA in its supplemental sampling effort at NAS Pensacola, and 
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no screening concentrations are available. Titanium is a white pigment used to whiten flour, 

confections, paints, etc. This element is poorly absorbed when ingested, and the estimated body 

burden is 15 mg/kg. This metal (and its salts) are relatively nontoxic (Klaassen, et al., 1986). 

Vanadium is not readily absorbed through the skin or oral ingestion and is a ubiquitous element. 

It is also a byproduct of petroleum refining. Vanadium is soluble in fats and oils. Municipal 

water supplies contain 0.001 to 0.006 mg/l. The target organ is unclear, and the primary focus 

of toxicological information is inhalation of vanadium dust, an exposure pathway not addressed 

in this risk assessment. Typical vitamin supplements contain approximately 0.010 mg in a daily 

dose. The RfDo set by USEPA is 0.007 mg/kg-day (Klaassen, et al., 1986). 

Yttrium exposure is primarily associated with particulate emissions, and that exposure pathway 

is not addressed in this risk assessment. No other toxicological information was readily available 

(Dreisbach, et al., 1987). 

Vinyl chloride is a volatile organic that can cause Raynaud’s Phenomenon or white finger 

disease. It has been shown to cause angiosarcoma, a cancer. It has been also been associated 

with reproductive dysfunction in men and women. The primary target organs for 

noncarcinogenic effects are the liver, kidney, and nervous system. This compound inhibits one 

of the main metabolic pathways of the body (a group of enzymes), and can influence the toxicity 

of other compounds because of this effect. Due to the carcinogenicity of this compound, 
USEPA classified vinyl chloride as a class A carcinogen and set the SFi and SFo to 0.3 and 

1.9 (mg/kg-day)-’, respectively (Klaassen, et al., 1986) (Dreisbach, et al., 1987). 

1,2-Dichlorobenzene is a CLP semivolatile organic compound; however, it was evaluated for 
the inhalation pathway as a volatile due to its Henry’s Law Constant (a measure of its likelihood 

to volatilize at a given temperature). This compound affects the central nervous system, causes 

0 
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liver and kidney damage, and irritation of the mucous membranes, skin and eyes. USEPA set 

the RfDo and RfDi to 0.09 and 0.0571 mglkg-day, respectively (Dreisbach, et al., 1987). 

1,3-DichZurobenzene is a CLP semivolatile .organic compound; however, it  was evaluated for 
the inhalation pathway as a volatile due to its Henry's Law Constant. This compound likely 

affects the central nervous system based on structural similarities to the other analogues 
addressed in this risk assessment. 1,3-Dichlorobenzene could cause liver and kidney damage, 

and irritation of the mucous membranes, skin and eyes. USEPA set the RfDo to 

0.089 mg/kg-day (Dreisbach, et al., 1987). 

1,4-DichZumbenzene is a CLP semivolatile organic compound; however, it was evaluated for 

the inhalation pathway as a volatile due to its Henry's Law Constant. This compound affects 

the central nervous system, causes liver and kidney damage, and irritation of the mucous 

membranes, skin and eyes. This compound is classified by USEPA as a B2 carcinogen, with 
a SFo of 0.024 (mg/kg-day)-'. The RfDi was set to 0.229 mg/kg-day (Dreisbach, et al., 1987). 

0 

4,4'-DDD, a by-product of the pesticide DDT, is a compound typical of halobenzene derivatives. 

It is soluble in fat, but not in water, and its target organ is the brain. This analog of DDT is 
the least toxic of the three primary DDT analogues (Le., the least likely to cause cancer). Other 

DDD effects could include cell death in the liver, fatty change of heart muscles, and kidney 

damage. No adverse health effects were observed in a study mentioned in Dreisbach, et al., 

where workers were historically exposed to DDT and had up to 648 ppm DDT in their body fat. 

If an individual loses body fat, DDD concentrations are not stored at sufficient concentrations 

to induce toxic effects. This compound is listed as a B2 carcinogen, and USEPA set the SFo 
for DDD to 0.24 (mg/kg-day)-' (Dreisbach, et al., 1987). 

Carbon disuljide is a volatile organic compound that affects the nervous system. At toxic levels, 

nervous system effects (in humans) include psychosis, tremor, and weakness in the lower 0 
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extremities. This compound interferes with the conduction of nerve signals to produce these 

effects. Carbon disulfide has been associated with reproductive dysfunction in men and women. 

In addition, at doses well within what was thought to be safe for industry in Japan, some effects 

on the eye have been produced, and similar effects were observed in Finland. USEPA set the 

RfDo and RfDi to 0.1 and 0.00286 mg/kg-day, respectively (Klaassen, et al., 1986). 

Chlorobenzene, is a volatile organic that affects the central nervous system, causes liver and 

kidney damage, and imtation of the mucous membranes, skin and eyes. USEPA set the RfDo 
and RfDi to 0.02 and 0.00571 mg/kg-day, respectively (Dreisbach, et al., 1987). 

10.5 Risk Characterization 

Risk characterization is the combination of the results of the exposure assessment and toxicity 

assessment to yield qualitative and quantitative expressions of risk for the exposed receptors. 

The quantitative component is an expression of the probability of developing cancer, or a 

nonprobabalistic comparison of estimated dose with a reference dose for noncancer effects. 
These quantitative estimates are developed for individual chemicals, exposure pathways, transfer 

media and source media, and for each receptor for all media to which one may be exposed. The 
qualitative component usually involves comparison of COC concentrations in media with 

established criteria or standards for chemicals for which there are no suitable toxicity values. 

@ 

The risk characterization is used to guide risk management decisions. 

Generally, the risk characterization follows the methodology prescribed by RAGS Part A, as 

modified by more recent information and supplemental guidance cited in the earlier sections of 

this document. The USEPA methods are, appropriately, designed to be health-protective, and 

tend to overestimate, rather than underestimate, risk. The risk results, however, are generally 
overly conservative, because risk characterization involves multiplication of the conservatisms 

built into the exposure and toxicity assessments. 
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This section provides a characterization of the potential health risks associated with the intake 

of chemicals originating from OU 10 and/or Site 13. The methods used to estimate the types 
and magnitudes of health effects associated with exposure to chemicals. 

10.5.1 Risk Characterization Methodology 

Potential risks to humans following exposure to COPCs are estimated using methods established 
by USEPA when available. These methods are health-protective and are likely to overestimate, 

rather than underestimate risk. Risks from hazardous chemicals are calculated for either 

carcinogenic or noncarcinogenic effects. Some carcinogenic chemicals may also pose a 

noncarcinogenic hazard. The potential human health effects associated with chemicals which 

may produce systemic toxic and carcinogenic influences are charicterized for both types of 
health effects. 

10.5.2 Carcinogenic Effects of Chemicals 

The risk attributed to exposure to carcinogens is estimated as the probability of an individual 

developing cancer over a lifetime as a result of exposure to a potential carcinogen. In the 
low-dose range, which would be expected for most environmental exposures, cancer risk is 

estimated from the following linear equation (USEPA, 1989a): 

ILCR = (CDI)(SF) 

where 

ILCR = incremental lifetime cancer risk, a unitless expression of the probability of 

developing cancer, adjusted for reference incidence 

CDI = chronic daily intake, averaged over 70 years (mg/kg-day) 
SF = cancer slope factor (mg/kg-day)-' 
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For a given pathway with simultaneous exposure of a receptor to several carcinogens, the 
following equation is used to sum cancer risks: 

Risk,, = ILCR(chem,)+ILCR(chemJ+. . .ILCR(chemJ 

where 

Risk,, = total pathway risk of cancer incidence 

ILCR(chemJ = individual chemical cancer risk 

Cancer risk for a given receptor across pathways and across media is summed in the same 

manner. 

10.5.3 Noncarcinogenic Effects of Chemicals 

The risks associated with the noncarcinogenic effects of chemicals are evaluated by comparing 

an exposure level or intake with a reference dose. The hazard quotient (HQ), defined as the 

ratio of intake to RfD is defined as (RAGS, Part A): 

* 
HQ = I/Rf’D 

where 

HQ = hazard quotient (unitless) 
I = intake of chemical (mg/kg-day) 

RfD = reference dose (mg/kg-day) 

Chemical noncarcinogenic effects are evaluated on a chronic basis, using chronic RFD values. 
An HQ of unity or 1 indicates that the estimated intake equals the RfD. If the HQ is grater 

than unity, there may be a concern for potential adverse health effects. 
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Current Site Worker Pathways 

The incidental ingestion carcinogenic risk for current Site workers was computed to be 7E-7 and 

the hazard index was < 0.1. Dermal exposure assessment predicted a 1E-6 lifetime excess 
cancer risk and a hazard index of 0.04. Based on these findings, neither soil exposure pathway 

under the current Site worker scenario warrants further evaluation and no remedial goal options 

(RGO~) are required as no C O C ~  were identified. 
~ 0 
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In the case of simultaneous exposure of a receptor to several chemicals, a hazard index will be 

calculated as the sum of the HQs by: 

HI = II/RfD, + Iz/RfD2 + ...& /RfDi 

where 

HI = Hazard Index (unitless) 

Ii = Intake for the ith toxicant 
R D i  = Reference dose for the ith toxicant 

10.5.4 Soil Pathways 

Exposure to onsite soils was evaluated under three scenarios: current Site worker, current/future 

Site child trespasser, and future Site resident. Incidental ingestion and dermal contact were the 

two exposure routes considered. For noncarcinogenic contaminants evaluated relative to future 

Site residents, hazard computations were performed separately for child and adult exposure. OU 
10 and Site 13 soils were also addressed separately for screening purposes. Subsequent to risk- 
based and reference screening procedures, it was determined that no Site 13 soil constituent 
warranted formal exposure assessment or risk characterization. As a result, the following 

discussions pertain to OU 10 soil only. Table 10-35 presents the computed carcinogenic risk 

@ 

and hazard quotients for incidental ingestion exposures for each scenario. Table 10-36 presents 

the computed carcinogenic risk for the dermal exposure pathway for each scenario. 



Table 10-35 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Incidental Surface Soil Ingestion 
NAS Pensacola. OU10 
Pensacola, Florida 

(age 7-16) (ag. 7-1~) 
Hazard Quotient ILCR 

Oral RID Oral SF 
Used Used 

Chemical (mglkgday) (mg/kgday)-1 
Worker worker 

Hazard Quotient lLCR 

Aluminum 
Arsenic 
Cadmium (food) 
Chromium 
Manganese 
Titanium 
Yttrium 
Armlor-1 260 
trans-Nonachlor 
Benzo(a)anthnceno 
Benzo(a)pyrene 
Benzo(b)nuoranthene 
BoNo(k)fluonnthene 
Bis(2chloroethyOether 
Diknzo(a.h)mthncene 
lndeno(l,2.%cd)pyrme 

1 
0.0003 
0.001 
0.005 
0.14 
ND 
ND 

7E-05 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 

NC 
1 .7! 
NC 
Nt 
NC 
NC 
Nt 
7.; 
Nt 
7.: 
7.: 
7.: 
7.: 
1: 
7.: 
7.: 

Hazard Indices 
Total Risk 

NOTES: 
ND Not Determinod duo to lack of availabb information. 
tm L M i m  weighted avwago; uwd to alcul.1m excess crrchmgenk risk. RAGS hrh A and 6. 

NA Not applkabh due to the lack of appropdate toxfcobghl whms. 
ILCR Incremental Lifetime ern- Cmcw Rhk. 

Future Uw 
Potential Future Potential Futuro Potential Future 
Resident adutl Resident child Resident )wa 

Hazard Quotient Hazard Quotient ILCR 

0.02 
0.001 
0.003 

0.2 
0.004 

NA 
NA 

O.OW4 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.22 
0.007 
0.029 
2.3 

0.04 
NA 
NA 

0.004 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NP 
4.8E-07 

NP 
NP 
NP 
NP 
NP 

2.4E-01 
NP 

4.3E-07 
3.5E4t 
2.0E-07 
2.0E-00 
7.1E-00 
8.0E.07 
2.7E-01 

0.28 2.6 
6EM 

Current Use 
hespassing child Trespassing child1 Current Site Current Site 

0.006 
0.0002 
0.0007 

0.06 
O.OOO9 

NA 
NA 

0.0001 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.4E-08 

NA 
NA 
NA 
NA 
NA 

7.1E-09 
NA 

1.2E48 
1 .M47  
S.8E-Og 
5.8E-10 
2.1E-09 
2.3EO(I 
7.9E49 

0.009 
0.0003 
0.001 1 

0.09 
0.001 

NA 
NA 

0.m1 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

NA 
5.4E-08 

NA 
NA 
NA 
NA 
NA 

2.7E-08 
NA 

4.8E-OB 
4.OE-07 
2.2E-08 
2.2E4m 
8.oE-a 
8.9E-08 
3.1E-08 

0.1 I 7E-07 2E-07 
0.07 
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Table 10-36 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Dermal Contact with Surface Soil 
NAS Pensacola, OUIO 
Pensacola, Florida 

Oral to Oral RfD Oral SF 
Dermal used used 

Chemical Adjustment (mglkgday) (mg/kg-day)-1 

Future Use 
Potential Future Potential Future Potential Future 
Resident adult Resident child Resident Iwa 

Hazard Quotient Hazard Quotient ILCR 

Aluminum 
Arsenic 
Cadmium (food) 
Chromium 
Manganese 
Titanium 
Ynrium 
Arocior-1260 
trans-Nonachlor 
Benzo(a)anthracene 
B.nzo(a)pyrene 
Benzo(b)lluonnthene 
Ebnto(k)fluonnthme 
Bis(2chloroethyl)ether 
Dibenzo(a.h)anthracene 
lndeno(l,2,3cd)pyrene 

Hazard Indices 
Total Risks 

NOTES: 

0.2 
0.2 
0.2' 
0.2 
0.2 
0.2 
0.2 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.8 
0.5 
0.5 

1 ND 
0.0003 1.75 
0.001 ND 
0.005 ND 
0.14 ND 
ND ND 
ND ND 

7E-05 7.7 
ND ND 
ND 7.3 
ND 7.3 
ND 7.3 
ND 7.3 
ND 1.1 
ND 7.3 

0.005 
O.OOO2 
O.ooo6 

0.05 
O.OOO8 

NA 
NA 

0.0003 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.08 

0.01 NA 
O.ooo4 4.6E-08 
0.001 NA 

0.1 NA 
0.002 NA 

NA NA 
NA NA 

0.0007 9.4E-08 
NA NA 
NA 1.7E-07 
NA I .4E-OB 
NA 7.7E-08 
NA 7.7E09 
NA 1.7E-08 
NA 3.1E-07 
NA l.lE-07 

0.13 
ZE-06 

Curram 

rrespassing chiM Trespassing child 
(age 7-1 6) (age 7-16) 

Hazard Quotient ILCR 

0.001 
O.oo00 
0 . m 1  

0.01 
O.OO0 

NA 
NA 

0 .m1  

NP 
2.7EM 

NP 
NP 
NP 
NP 
Nb 

5.6E4! 
NA Nb 
NA 9.8E.h 
NA 8.lE4l 
NA 4.6E.01 
NA 4.6E.01 
NA 1 .OE-O! 
NA 1 .BE4 
NA 6.3E.01 

0.01 
4E-07 

~ u n e n t  ~ i e  Current S i 0  ~ 

Worker Worker 
4azard Quotient ILCR 

0.004 
0 . m 1  
O.OOO5 

0.04 
O.OOO6 

NA 
NA 

0.0002 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.2E-08 

NA 
NA 
NA 
NA 
NA 

4.5E-08 
NA 

7.8E-08 
6.5E-07 
3.7E-08 
3.7E-09 
8 . 2 E e  
1 SE-07 
5.OE46 

0.04 
1 E-06 

ND Not Doterminod d m  to lack d anihble information. 
h a  LMime migMod avorage; usod to a h l a t o  oxcoss arcinog.nic rkk. RAGS plrb A and B. 

NA No( applkablo duo to the kck d appmpriate toxlcdogkal wlun. 
ILCR 1ncremont.l LIMlm, o x t . ~  C.nm Rhk. 

- Dermal to a- dose adjustment hctor Is .ppllod to .dfust (or onl R1D. the onl RID h based 
on oral absorption . m C i  nrhkh should not ba appliod to domal exposure and domal CM. 
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~~~ ~~ ~~ 

* Current Child Trespasser Pathways 

The incidental ingestion carcinogenic risk for a current child trespasser was computed to be 2E-7 
and the hazard index was 0.07. Dermal exposure assessment predicted a 4E-7 excess cancer risk 
and a hazard index of 0.01. Based on these findings, neither soil exposure pathway under the 

current child trespasser scenario warrants further evaluation and no RGOs are required as no 

COCs were identified. 

Future Site Resident Pathways 

The hazard index for future child resident incidental soil ingestion pathway was computed to be 

2.6 and the dermal pathway hazard quotient was 0.13. Corresponding hazard indices for the 
future adult resident were calculated to be 0.28 and 0.06, respectively. In each instance, the 

chromium (as chromium VI) hazard quotient contributed approximately 90 percent to the 

pathway hazard index, and it is considered a COC for this pathway. No other noncarcinogenic 

COCs were identified for this pathway. The incidental ingestion pathway carcinogenic risk was 

computed to be 6E-6, and the dermal pathway risk was 2E-6. Benzo(a)pyrene and 
dibenz(a,h)anthracene were the primary contributors to soil pathway risk, and are each 

considered COCs. Remedial goal options based on noncarcinogenic COC hazard will be 

established for the future child receptor considering incidental ingestion and dermal contact 

exposure routes. 

0 

10.5.5 Groundwater Pathways 
Exposure to groundwater onsite was evaluated exclusively under a future Site resident scenario. 

Ingestion through potable use and inhalation of volatilized contaminant exposure pathways were 

evaluated. For noncarcinogenic contaminants evaluated relative to future Site residents, hazard 

was computed separately to address child and adult exposure. The shallow and intermediate 

water-bearing zones monitored during the RI were combined for assessment. The deep water- 

bearing zone was monitored by one well. The inhalation pathway was not considered for the 

deep groundwater evaluation because no volatile contaminants were reported in the single well 
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NAS Pensacola Operable Unit IO a d  Site 13 

Section IO - Baseline Risk Assessment 
September 1995 

sampled. Tables 10-37 and 10-38 present the computed carcinogenic risk and hazard quotients 

for potable use exposure and volatilized contamination inhalation pathways for the shallow and 

intermediate groundwater zones. Table 10-39 presents the computed carcinogenic risk and 

hazard quotients for potable use ingestion exposure for the deep groundwater zone. 

10.5.5.1 Shallow and Intermediate Groundwater 
Future Site Resident Pathways 
The computed shallow groundwater hazard indices for the future child and adult resident potable 

use ingestion pathway were 9 and 4, respectively. Manganese, arsenic, cadmium, 

chlorobenzene, 1,2-dichlorobenzene, aluminum, chromium (as VI) 1,3-dichlorobenzene, mercury 

and 1,4-dichlorobenzene were the identified COCs for both the child and adult receptors, and 

are listed in descending order of contribution. Arsenic, manganese, and cadmium hazard 

quotients combined to account for approximately 60 percent of the hazard indices. The future 

Site resident excess cancer risk projection'was 5E-4 for the groundwater ingestion pathway. 

Carcinogenic COCs are arsenic (2.OE-4), vinyl chloride (9. lE-S), 1,4-dichlorobenzene (1.6E-4), 
bis(2-ethylhexy1)phthalate and tetrachloroethene (5.7E-6). 

The groundwater contaminant inhalation pathway hazard indices for future Site child and adult 

residents were 6 and 3, respectively. Four COCs were identified for these pathways 

(chlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene and 1,2-dichlorobenzene). In both 

receptors, chlorobenzene accounts for approximately 60 percent of the pathway hazard index. 

The computed carcinogenic risk associated with inhalation of volatilized groundwater 

contaminants was projected to be 2E-4. 1,4-Dichlorobenzene (1.6E-4) and vinyl chloride (1.4E- 

5) were the primary contributors to inhalation pathway risk. 1,4-Dichlorobenzene and vinyl 
chloride are considered COCs due to their contributions to ingestion-related risk. 
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Table 10-37 
Hazard Quotients and Incremental Lifetime 
Cancer Risks- Ingestion of Shallow and Intermediate Groundwater 
NAS Pensacola, OUlO and Site 13 Combined 
Pensacola, Florida 

Slope Reference 
Factor Dose 
Used ' used 

Chemical (mgikg/day)-l (mglkglday) 

1 .l-Dichloroethane 
1.2-Dichlorobenzene 
1,2-Dichloroethene (total) 
1,3-Dichlorobenzene 
1,4Dichlwobenzene 
2,QDichlorophenol 
Acenaphthene 
Aluminum 
Arsenic 
Benzene 
Bis(2-ethylhexyl)phthalate 
Cadmium 
Carbon Disulfde 
Chlorobenzene 
Chromlum 
Dieldrin 
Hexachloroethane 
Lead 
Manganese 
Mercury 
Naphthalene 
Tetrachloroethene 
Trichloroethene 
Vanadium 
Vinyl Chloride 

Hazard Index 
Total Risk 

NOTES: 

ND 
ND 
ND 
ND 

0.024 
ND 
ND 
ND 

1.75 
0.029 
0.01 4 

ND 
ND 
ND 
ND 
16 

0.014 
ND 
ND 
ND 
ND 

0.052 
0.01 1 

ND 
1.9 

0.1 
0.09 

0.009 
0.089 
0.229 
0.003 
0.06 

1 
0.0003 

0.00171 
0.02 

O.OOO5 
0.1 

0.02 
0.005 
SE05 
0.001 

ND 
0.005 
0.0003 

0.04 
0.01 

0.008 
0.007 

ND 

Future Use 
Potential Future Potential Future Potential Future 

Resident Adult Resident Child Resident Iwa 
Hazard Quotient Hazard Quotient lLCR (a) 

0.02 
0.35 
0.01 
0.00 
0.05 
0.01 

0.001 
0.24 
0.71 
0.03 
0.01 
0.60 

0.001 
0.44 
0.10 
0.00 
0.03 
NA 

1.06 
0.06 
0.01 
0.02 
0.01 
0.09 

NA 

4 9 

0.04 
0.83 
0.02 
0.20 
0.12 
0.03 

0.002 
0.55 
1.65 
0.06 
0.03 
1.40 

0.001 
1.03 
0.24 
0.00 
0.07 
NA 

2.47 
0.13 
0.01 
0.05 
0.02 
0.20 

NA 

NA 
NA 
NA 
NA 

1 .!%E44 
NA 
NA 
NA 

2.01 E44 
7.00E-07 
1.67E-06 

NA 
NA 
NA 
NA 

7.14E-07 
2.26E-07 

NA 
NA 
NA 
NA 

5.65E-08 
2.78E-07 

NA 
9.07E-06 

SE-04 

a Incremental lifethe cancer risk (ILCR) la based on the lifetime weighted average (lwa) of an adult 
age 7-31 and child age 16. 

ND Not M m M  due to lack of infomallon. 
NA Nat appUcabk dw to the tack of appqwtate loxkdogkal v a h .  

lndlcaar an inhalation slope factor 01 nference close was used n a sumgate oral value. 

10-114 



Table 10-38 

Reference 
Dose 

Hazard Quotients and Incremental Lifetime 
Cancer Risks- Inhalation of Volatilized Shallow and Intermediate Groundwater Contaminants 
NAS Pensacda, OU10 and Site 13 Combined 
Pensacola, Florida 

Future Use 
Potential Future Potential Future Potential Future 

Slope 
Factor 
used used 

Chemical (mglkglday)-1 (mg/kg/day) 
Resident Adult Resident Child Resident hva 

Hazard Quotient Hazard Quotient ILCR (a) 

1 , l  -Dichloroethane 
1,2-DichIorobenzene 
1,2-Dichloroethene (total) 
1 ,%Dichlorobenzene 
1 ,QDichlorobenzene 
Benzene 
Carbon Disulfde 
Chlorobenzene 
Hexachloroethane 
Tetrachloroethene 
Trichloroethene 
Wnyl Chloride 

Hazard Index 
Total Risk 

ND 
ND 
ND 
ND 

0.024 
0.029 

ND 
ND 

0.014 
0.00203 

0.006 
0.3 

0.143 
0.04 

0.009 
0.089 
0.229 

0.0171 
0.00286 
0.00571 

0.001 
0.01 

0.008 
ND 

3 I 

0.01 
0.80 
0.01 
0.08 
0.05 
0.00 
0.02 
1.54 
0.03 
0.02 
0.01 
NA 

6 

NOTES: 
a 

ND 
NA 

Incremental lifetime cancer risk (ILCR) h based on the lifetime welghted average (Iwa) of an adult 
age 7-31 and child age 1 6 .  
Not determined due to tack of information. 
Not applicable due to the lack of appropriate toxkobglcal vatues. 
Indicates an lngestbn sbpe factor or re fe rem close was used as a surrogate inhalath value. 

0.03 
1.86 
0.02 
0.20 
0.12 
0.01 
0.05 
3.59 
0.07 
0.05 
0.02 

NA 

NA 
NA 
NA 
NA 

1.58E04 
7.00E-07 

NA 
NA 

2.26E-07 
2.21 E47 
1 S2E-07 
1.43E45 

2E04 
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Table 10-39 
Hazard Quotients and Incremental Lifetime 
Cancer Risks - Ingestion of Deep Groundwater 
NAS Pensacola, OU10 

Slope Reference 
Factor DOSe 
used used 

Chemical (mgikg/day)-1 (mgkglday) 

Future Use 
Potential Future Potential Future Potential Future 
Resident Adult Resident Child Resldent h a  

Hazard Quotient Hazard Quotienl ILCR (a) 

Aluminum 
Arsenic 

Hazard Index 
Total Risk 

NOTES: 
a 

ND 
NA 

ND 
1.75 

3 
0.0003 

0.1 
0.4 

0.2 
1 .o 

ND 
1 SE-04 

0.5 I 1.2 
1 Z E - 0 4  

Incremental lifetime cancer risk (ILCR) Is based on he Hfethc weighted average (Iwa) of an adult age 7-31 and child age 16. 
Not determined due to lack of Information. 
Not applicable due to the lack of appropriate toxicological values. 
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10.5.5.2 Deep Groundwater 

Future Site Resident Pathways 

The computed deep groundwater hazard indices for the future child and adult resident potable 

use ingestion pathway were 1 and 0.5, respeCtively. Arsenic, and aluminum were the identified 

COCs for the child pathway, and are listed in descending order of contribution. The future Site 

resident excess cancer risk projection was 1.3E-4 for the groundwater ingestion pathway. The 

sole carcinogenic COC was arsenic. Each of the listed noncarcinogenic and carcinogenic 

chemicals has been retained as a COC. 

No volatile organic compounds were reported in the single deep well monitored during the RI. 
As a result, the groundwater contaminant inhalation exposure pathway was not considered for 

deep groundwater. 

@ 10.5.6 Surface Water Pathways 

Exposure to surface water onsite was evaluated under two scenarios: currentlfuture Site child 
trespasser and future Site residents during recreational use. Incidental ingestion was the sole 

exposure route considered, and was evaluated assuming event durations and incidental ingestion 

rates comparable to those reported for swimming in RAGS, Volume I, Part A. The inhalation 

pathway was not considered because no volatile contaminants were reported in the drainage ditch 

samples. For noncarcinogenic contaminants evaluated relative to future Site residents, hazard 

separately for child and adult exposure. The south drainage ditch at OU 10 was the only surface 
water onsite identified and sampled during the RI process. As a result, the following discussions 

pertain to OU 10 only. Table 10-40 presents the computed carcinogenic risk and hazard 
quotients for incidental ingestion exposures for each scenario. 

10-1 17 



Table 10-40 
Hazard Quotients and Incremental Lifetime 
Cancer Risks of COPCs Identified in 
Surface Water - NAS Pensacola 
Pensacola, Florida 

Slope Reference 
Factor Dose 
Used Used 

Chemical (mglkg/day)-1 (mglkglday) 

Aluminum ND 1 
Cadmium (water) ND O.OO05 
Manganese ND 0.005 
4,4DDD 0.24 ND 
Heptachlor epoxide 9.1 1.3E-05 

Hazard Index 
Total Risks 

NOTES: 

Future Use 

Resident Adult Resident Child Resident lwa 
Hazard Quotient Hazard Quotient ILCR (a) 

0.001 0.004 NA 
0.01 0.03 NA 
0.03 0.2 NA 
NA NA 1.2E-08 

0.0001 0.0003 5.5E-09 

0.04 0.2 
1 BE-08 

Current Use 
Trespassing Child Trespassing Child 

(age 7-1 6) (age 7-1 6) 
Hazard Quotient ILCR 

0.001 NA 
0.004 NA 
0.02 NA 
NA 1 BE-09 

0.00004 7.OE-10 

0.03 
2.2E-09 

a Incremental lifetime cancer risk (ILCR) is based an the lifetime weighted average (Iwa) of an adult 
age 7-31 and child age 1-6. 

ND Not determined due to lack of information. 
NA Not applicable due to the lack of appropriate toricdogical values. 

- Surface water samples taken from South drainage ditch only. No surface water M e n t i f t  at Site 13 dwing saampllng event. 
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Current Child Trespasser Pathways 

The computed surface water hazard index for the current child trespasser was 0.03 and the 

excess cancer risk was 2E-9. Neither projection necessitates further consideration of this 

exposure pathway, and no RGOs are required because no COCs were identified. 

Future Site Resident during Recreational Use Pathways 

The computed surface water hazard indices for the future child and adult resident were 0.2 and 

the excess cancer risk projections was 1.8E-8. Neither the non-carcinogenic nor carcinogenic 

projections necessitate further consideration of this exposure pathway for future Site residents, 

and no RGOs are required because no COCs were identified. 

10.5.7 Sediment Pathways 

Exposure to onsite sediments was evaluated under two scenarios: currentlfuture Site child 

trespasser, and future Site resident. Incidental ingestion and dermal contact were the two 
exposure routes considered. For noncarcinogenic contaminants evaluated relative to future Site 

residents, hazard computations were performed separately to address child and adult exposure. 

OU 10 and Site 13 sediments were addressed separately for screening purposes. COPCs were 

identified for sediments from both areas. As a result, the following discussions address OU 10 

and Site 13 sediment exposure pathways. Tables 10-41 and 10-42 present the computed 

carcinogenic risk and hazard quotientsiindices for OU 10 sediment under each scenario for 

incidental ingestion and dermal contact pathways, respectively. Tables 10-43 and 10-44 present 
the computed carcinogenic risk and hazard quotients/indices for Site 13 sediment under each 

scenario for incidental ingestion and dermal contact pathways, respectively. 

OU 10 Sediment Pathways 

The incidental OU 10 sediment ingestion hazard indices for current child trespassers and future 

Site residents (child and adult receptors) were computed to be 0.1 and 0.2, respectively. 
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slope Reference 
FaCtctor D m  
UStd Used 

Chemical (mgncg day)-1 (mgkgday) 

ND 1 
1.75 0.0003 
ND 0.001 
ND 0.005 

Aluminum 
Arsenic 
Cadmium (food) 
Chromium 

Hazard Index 
Total Risks 

Future Land Use Current Uno 
Trespassing Child Tmspassing CMld 

(aoc 7-1 6) (W 7-1 6) Resident Child R e s M  Adult 
Hazard Quotient Hazard Quotient ILCR hva Hazard Quotient ILCR 

0.004 0.0003 NA 0.001 NA 
0.01 O.ooo9 1 . 1 € 6  0.007 4.9E-07 
0.02 0.0015 NA 0.01 1 NA 
0.1 0.01 NA 0.1 NA 

0.1 I 5E-07 1 E-06 
0.2 0.01 

NOTES: 
NO Not Determid dua to lack of available lnformakn. 
lwa Lifetime rnlghtcd avmge; used to cakulato excess cambqenk risk, RAGS Park A and 6. 

NA Not applkabk due to the lack of appmpmet- values. 
ILCR lncnmcntal Llfetim excess Cancer Risk. 
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Table 10-42 
Hazard Ouotlentr and Incremental Llfetim Camer Risks 
for Recreational and Trespassing Exposure Scenarios 
Domal Contad with Sediment 
NAS Pensacola, W10 
Pensacola. Florida 

I 

h i  to SIOO. Referem 
Dermal Adjustment FKtoc Dose 

Factor used used 
Chemical (unltless) (mg/kpday)-1 (mNgday) 
Aluminum 0.2 ND 1 
Anenic 0.2 
Cadmlum (food) 0.2 
Chromium 0.2 

Hazard Index 
Total Risks 

1.75 0.0003 
ND 0.001 
ND 0.005 

Future Land 

Raldenl Child Resident Mull 
iam~auant H.ardauot rh  LCR kn 

0 . 0 1  0.0003 NA 
0.005 0.002 6.OE-07 
0.009 0.003 NA 
0.08 0.02 NA 

0.06 

NOTES: 
NO Not Determined d w  to lack d availabh information. 
)m Llfetima weighted awngo; uud to wkuW oxc.u c m i n 0 -  mk rhk. RAGS hrtr  A 

NA Not applkrbh dw b the lack d approphto toxkokglal wlrm. 
ILCR Incremental L M n n  excess C H K I . ~  Risk. 

0.02 
BE47 

nd B. 

Cmm( uw 
Tnsparting Child Trespassing Chlld 

(w 7-16) (w 7-19 
kfazmi auotknt LCR 

O.OOO3 NA 
0.001 9.E- 
0.002 NA 
0.01 NA 

0.02 
1 EO7 
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sm Reference 
Factor DOSe 
USd Uscd  

Chemical (mg/kgday)-1 (m9ncg day) 

A I u m i n u m 
Arsenic 
Beryllium 
Cadmium (food) 
Chromium 
Manganese (food) 
Vanadium 
Benzo(a)pyrene 

Hazard Index 
Total Risk 

Future Land Use current use 
Trespsskrg Child Trespassing Child 

(WJ 7-16) (Ilgc 7-1 6) ResMent Child Resident Adult ResMent Iwa 
Hazard Quotient Hazard Quotien( ILCR ILCR HZUN~ awlknt 

ND 
1.75 
4.3 
ND 
ND 
ND 
ND 
7.3 

1 
0.0003 
0.005 
0.001 
0.005 
0.14 

0.007 
ND 

0.02 
0.04 

0 . m 1  
0.004 
0.03 

O.ooo9 
0.01 
NA 

0.002 
0.004 

0 . m 1  
O.OOO4 
0.002 

0.0001 
0.001 

NA 

NA 
2.6E-06 
3.5E-07 

NA 
NA 
NA 
NA 

1.3E-07 

0.008 
0.02 

0.m1 
0.002 
0.010 

O.OOO3 
0.003 

NA 

NA 
1.2E40 
1 BE-07 

NA 
NA 
NA 
NA 

5.9E48 

0.04 I 1 E-06 3E-06 
0.1 1 0.01 

NOTES: 
ND Not Determined due to lack of abailabk lnfonnatlan. 
twa Lifetime migMed average; used to calculate e x m s  cardnogmk risk, RAGS Parts A and B. 

NA Not applicable due to the lack of appropriate toxkdogkal valuer. 
ILCR Incremental Lifetime excess Cancer Risk. 
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Table 1044 
Hazard Quotients and Incremental Lifetime Cancer Risks 
for Recreational and Trespassing Exposure Scenarios 
Dermal Contact with Sediment 
NAS Pensacoia, Site 13 
Pensacola, Florida 

Oral to slope Reference 
D e m l  Adjustment Factor DOSt 

Factp Usad Uscd 
(manta (manes Chemical (unitless) day)-1 day) 

Future Land Use c m  usa 
Tmpasslng CMkl Trarpasslng Child 

(W 7-1 6) Re~idcnt Child R & d ~ d  Adull R ~ ~ l d e n t  Im (e 7-16) 
ILCR Hazard Quotknl ILCR HazardQudknt HazardQudknt 

A I u m i n u m 
Anenlc 
Beryl I i u rn 
Cadmium (food) 
Chromium 
Manganese 
Vanadium 
B-WPYem 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.5 

ND 1 
1.75 O.ooo3 
4.3 0.005 
ND 0.001 
ND 0.005 
ND 0.14 
ND 0.007 
7.3 ND 

I 0.01 
0.01 

0.001 3 
0.01 

0.003 
NA 

0.002 
0.m 

0 . m 1  
O.OOO4 
0.003 

0.00009 
0.001 

NA 

NA 
1 .ME- 
1.8oE-01 

NA 
NA 
NA 
NA 

2.65E-01 

0.002 
0.003 

o.oooo1 
O.OOO3 

o.ooo1 
0.0006 

NA 

O.bO20 

NA 
2.4E07 
3.2E-08 

NA 
NA 
NA 
NA 

4.7Em 

.O.Ol I 3E-07 I 2E46 
0.03 0.01 Hazard Index 

Total R kk 

NOTES: 
ND Not Determined dw to lack of available InfomwHon. 
hva Lifetime welpmcd werage; used to c8kutata o(ccu cuchogenk risk, RAGS Parts A and B. 

NA Not applkabb due to the lack of approphtc toxicologlcd values. 
ILCR Incremental Lifethe excess Cancer Risk. 

- Dermal to absorbaddose adjustment factor is applied to adjust for Od RfD; the oral RfD it based on oral absorptkn 
effkiency which should nat be applied to dmnd exposum and dermal CDI. 
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* Carcinogenic risk projections related to incidental sediment ingestion were less than 1E-6 for 

current child trespassers and 1E-6 for future Site residents. The sediment dermal contact hazard 

indices for current child trespassers and future Site residents (child and adult receptors) were 

computed to be 0.02 and 0.08, respectively. Carcinogenic risk projections related to dermal 

contact sediment exposure were less than 1E-6 for current child trespassers and future Site 

residents. As a result, OU 10 sediment exposure pathways warrant no further evaluation, and 

no RGOs are required for this medium because no COCs were identified. 

Site 13 Sediment Pathways 

The incidental Site 13 sediment ingestion hazard indices for current child trespassers and future 

Site residents (child and adult receptors) were computed to be 0.04, 0.11 and 0.01, respectively. 

Carcinogenic risk projections related to incidental sediment ingestion were 1E-6 for current child 

trespassers and 3E-6 for future Site residents. Arsenic was the sole COC identified for this 
pathway. The sediment dermal contact hazard indices for current child trespassers and future 

Site residents (child and adult receptors) were computed to be C0.05. Carcinogenic risk 
projections related to dermal contact sediment exposure were less than 1E-6 for current child 

trespassers and 2E-6 for future Site residents. Arsenic was the only COC identified for this 

pathway. ~ 

@ 

10.5.8 Receptor/Pathway Risk Evaluation 

Table 10-45 provides a synopsis of individual pathway hazard indices and carcinogenic risk for 
each current or potential future receptor type. It can be seen from the presentation that neither 

current Site workers nor potential child trespasser had an individual pathway (or combined single 

medium pathways) with a hazard index in excess of 0.5 or an ILCR greater than 2E-6. The 
cross pathway hazard index and cancer risk for these two receptor types were also within the 

acceptable carcinogenic risk range. The cross pathway hazard indices were 1 at one significant 

digit. These projections indicate that neither receptor group is at significant risk of deleterious 
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Table 1045 
Summary of Risk and Hazard for Identified COCs and Pathways of Concern 
NAS Pensacola, OUlO 
Pensacola. Florida 

Potential Future Land Use 
Resident Resident Resident 

Adutt Child Iwa 
Chemical HI HI ILCR 
Soil Ingestion Pathway I 
Chromium (as VI) 0.2 2.3 ND 
Aluminum 0.023 0.224 

Dibenz(a, h)anthracene ND ND 8E-07 

Soil Ingestion Pathway Risk 4E-06 
Soil Dermal Contact Pathway I 
Chromium 0.1 0.1 ND 
Benzo( a)pyrene ND ND . 1.4E-06 
Dibenz( a, h)anthracene ND ND 3.1 Ed7  
Soil Dermal Contact Hazard 0 0 

Benzo(a)pyrene ND ND 3.5E-06 

Soil Ingestion Pathway Hazard 0 3 

2E-06 Soil Dermal Contact Risk 
@ SA GW Ingestion Pathway I 

1,2-Dichlorobenzene 0.4 0.8 ND 
1,3-Dichlorobenzene 0.08 0.2 ND 
1 ,4-Dichlorobenzene 0.1 0.1 1.6E-04 
Aluminum 0.24 0.55 ND 
Arsenic 0.7 1.7 2.0E-04 
bis(2-Ethy1hexyl)phthalate 0.01 0.03 1.67E-06 
Cadmium (water) 0.6 1.4 ND 
Chlorobenzene 0.4 1 .o ND 
Chromium 0.1 0.24 ND 
Manganese 1.06 2.47 ND 
Mercury 0.06 0.13 ND 
Tetrachloroethene 0.02 0.1 5.7E-06 
Vinyl chloride ND ND Q. 1 E-05 
SA GW Ingestion Hazard 4 9 
SI1 GW Ingestion Risk 5E-04 
SI1 GW Inhalation Pathway I 
1,2-DichIorobenzene 0.8 1.9 ND 
1,3-Dichlorobenzene 0.08 0.2 ND 

Chlorobenzene 1.5 3.6 ND 

Vinyl chloride ND ND 1.4E-05 

1.4-Dichlorobenzene 0.1 0.1 1.6E-04 

Tetrachloroethene 0.02 0.05 2.21 E-07 
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Table 10-45 
Summary of Risk and Hazard for Identified COCs and Pathways of Concern 
NAS Pensacoia, OUlO 
Pensacola, Florida 

Potential Future Land Use 

Adult Child IWa 

Chemical HI HI ILCR 
S/I GW inhalation Hazard 2 6 

Deep GW Ingestion Pathway I 
Aluminum 0.1 0.2 ND 

Resident Resident Resident 

SA GW Inhalation Risk 2E-04 

Arsenic 0.4 1.0 1.25E-04 
Deep GW ingestion Hazard 1 1 
Deep GW Ingestion Risk 1 E-04 
Site 13 Sediment Ingestion 

Sediment Ingestion Hazard ND ND 

Site 13 Sediment Ingestion Pathway I 
Sediment Dermal Contact Hazard ND ND 

Arsenic ND ND 2.6E-06 

Sediment ingestion Risk 3E-06 

ND 1.3E-06 - Arsenic ND 

Sediment Dermal Contact Risk 2E-06 

NOTES: 
1 Shallow/intermediate and deep groundwater riskhazard were computed 

separately. For purposes of this summary, it has been assumed that Site 
residents would derive potable water exclusively from one of the two water 
water bearing zones. 

2 Assumes future Site resident consumes water from the shallow/intermediate 
water bearing zone only. 

3 Assumes future Site resident consumes water from the deep water bearing 
zone only. 

HI Means hazard index. 

ND indicates that the pathway was not applicable to a particular receptor. 
ILCR indicates incremental lifetime cancer risk. 

SVGW Indicates the combined shallow and intermediate groundwater bearing zones. 
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health effects resulting from Reasonable Maximal Exposure (RME) to all media. These receptor 

groups do not warrant further consideration with respect to evaluating the necessity for remedial 

action. 

n e  future Site resident projections indicate that carcinogenic risk and/or systemic toxic hazard 

may be posed through exposure to soil, shallowhntermediate groundwater, deep groundwater, 

and Site 13 sediment. Either the hazard index or the carcinogenic risk for pathways associated 

with these media were above USEPA criteria. The surface water and OU 10 sediment exposure 

pathways for these hypothetical future receptors did not produce carcinogenic risk or 

noncarcinogenic hazard projections in excess of the most stringent criteria. As a result, surface 

water and OU 10 sediment will not be addressed in establishing remedial goal options. 

10.6 Risk Uncertainty 
This section presents and discusses the inherent in the risk assessment process in addition to ' 
medium- and exposure pathway-specific influences. Risk assessment sections are discussed 
separately below, and specific examples of uncertainty sources are included where appropriate. 

Alternative risk projections are also included which provide estimates of the range of risk. 

These alternative results are based on central tendency analysis of risk rather than RME 

presented in the Risk Characterization Section for comparison. Central tendency assessment was 

performed for pathways of concern only. 

General 

Uncertainty is a factor in each step of the exposure and toxicity assessments presented in the 

preceding sections. Overall, uncertainties associated with the initial stages of the risk assessment 

process become magnified when they are combined with other uncertainties. For example, the 
use of the 95th percentile Upper Confidence Level mean (UCL) or maximum reported 

concentration as the exposure point concentration reduces uncertainty with respect to falsely 

concluding that insignificant risk is posed. However, a safety factor based on the standard @ 
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deviation and number of samples is included in the UCL. During the risk characterization 

process, individual chemical risk is added to determine the incremental excess cancer risk for , 

each exposure pathway. Individual risk projections were calculated based on the UCL, and the 

safety factor of the incremental risk is the sum of all the individual safety factors. This 
multiplicative influence on conservatism is inherent in the risk assessment process, and is also 

evident in the uncertainty factor and modifying factor applied to RfDs. It is not possible to 
eliminate all uncertainties; however, recognition of the uncertainties is fundamental to the 

understanding and subsequent use of risk assessment results. 

This section presents the uncertainty of Site-specific and medium/pathway specific factors 

introduced as part of the risk assessment process, in addition to other factors influencing the 

uncertainty of the calculated incremental excess cancer risks and hazard quotientdindices. It is 
important to note that the exposure pathways selected earlier in this BRA are extremely 

conservative. 0 
Assumptions are made as part of the risk assessment process based on population studies and 
USEPA guidance. This guidance divides the assumptions into two basic categories: the upper 

bound (90-95th percentile) and the mean or 50th percentile (central tendency) exposure 

assumptions. As discussed earlier, RME exposure is based on the upper-bound assumptions, 

and the central tendency exposure is based on mean assumptions. Therefore, risk/hazard 

calculated using M E  exposure assumptions are generally overestimates rather than 

underestimates. The following paragraphs discuss sources of uncertainty pertinent to each 

exposure pathway evaluated. 

Risk-Based Screening 

Prior to addressing risWhazard for all chemicals detected, risk-based screening values were 

compared to focus the BRA on COPCs which individually exceed 1E-6 risk or a hazard quotient 

of 0.1. This comparison was in accordance with technical reviewers’ preferences and based on @ 
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comments on previous versions of this risk assessment, telephone conversations and meetings 

with the Tier 1 partnering team, and previous USEPA Region IV comments on Federal Facility 

BRAS from USEPA Region IV. 

Exposure pathways and contaminants were initially eliminated from the BRA based on the 
criteria agreed on by USEPA, FDEP, and the Navy. The risWhazard thresholds of 1E-6 and 

0.1 were selected to account for potential cumulative effects of various chemicals, and the 

maximum detected concentration was compared to the corresponding screening value. As 

discussed previously in this BRA, the comparison was made using the most conservative 

screening value provided by USEPA Region 111, USEPA Region IV, and FDEP for each 

exposure medium. Although some uncertainty exists in the sum effect of exposures to numerous 

constituents near the screening values, the fact that maximum concentrations detected were used 

as screening concentrations in concert with low range risWhazard thresholds alleviates much of 

the uncertainty related to the potential for adverse cumulative effects from the detected chemicals 

eliminated from the formal assessment. It should be recognized, however, that the elimination 

of CPSSs through risk-based screening could possibly lead to a slight underestimation of total 
cancer risk or noncarcinogenic hazard for a particular medium. 

0 

Comparison to Reference Concentrations (Background) 

Because the intent of the BRA is to estimate the excess cancer risk or health hazard posed by 
COPCs, reference concentrations were compared after comparison to screening values. The 
maximum concentration detected for each chemical which exceeded its corresponding screening 

value was compared to two-times the mean reference concentration, if a reference concentration 
was available. Low frequency of detection could indicate a contaminant should not be addressed 
in the BRA; however, all detected chemicals which failed the screening comparisons were 
included as COPCs. This approach was selected as a conservative screening approach, and 

COPCs are evaluated further for frequency of detection or consideration relative to essential 

nutrient status, where necessary, as part of the medium-specific uncertainty discussions. Risk a 
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* characterization and medium-specific uncertainty discussions are presented in subsequent 

sections. An overestimate of &/hazard can result from including onsite concentrations that do 

not exceed those offsite. This possibility is not accounted for by the application of a fixed twice 
reference criterion. 

Two data sets exist for the reference monitoring wells and surface soil sample locations. An 

alternative sampling technique (low-flow purging and sampling) was introduced prior to the 

second phase of groundwater sampling, so uncertainty is present in the use of data obtained 

using the previous technique. Quiescent sampling data correlates well with filtered bailer 

sampling. Additional uncertainty is introduced by comparing site data to nonspecific screening 
values reference data. For purposes of this BRA, reference well groundwater data resulting 

from low-flow, quiescent sampling techniques were compared to onsite results from samples 

collected with high-disturbance bailers. As a result, sediment-related chemical contributions to 

onsite groundwater quality cannot be properly evaluated, and chemicals may have been 

unnecessarily retained for formal assessment. The use of reference concentrations obtained from 
a limited number of samples and locations likely resulted in an underestimation of natural 

variability in media composition. Although the reference concentrations are specific to NAS 
Pensacola, they are not site-specific. 

a 

Quality of Data 

Gmundwaler 
As described in previous sections of this report, the data quality objective was CLP level IV for 

all OU 10 and Site 13 RI sampling. Uncertainty is, however, inherent in a report based on data 
obtained using different sampling techniques. During RI Phase I, typical Teflon bailer 
groundwater sampling techniques were employed to sample monitoring wells. USEPA 
introduced a low-flow purging and sampling technique, and this method was employed by 

USEPA and E/A&H to obtain an additional data set for selected wells only. As a result, the 

combination of data obtained from these two techniques would be inappropriate because the two 
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sampling methods can produce vastly different results for chemicals entrained/adsorbed to 
suspended solids. The data obtained through the low-flow purging and sampling technique (a 

partial data set collected by USEPA) was not included in this assessment. Quiescent sampling- 

derived data were used in groundwater-specific risk uncertainty analysis presented in subsequent 

paragraphs. Using the original data set obtained through high disturbance bailer sampling 

methods has likely led to overestimation with respect to exposure quantification due to increased 

potential for sediment-bound compounds/elements being entrained in groundwater samples. 

. 

Soil 
Significant uncertainty is present in the soil exposure pathway due to the data sets used in the 

risk calculations, and the foci of sample locations. USEPA performed supplemental surface soil 

sampling at OU 10 in March 1994. Confidence is moderate in the latest USEPA data set 

because no additional information was provided with the reported concentntions other than 

detection limits, sample locations, and sampling dates. As part of a typical data validation 

process, comparison to holding times, matrix interferences, and comparison to the applicable 

range of the standard curve should be applied for all data used in a risk assessment. These 

quality assurance checks could not be applied to the supplemental 1994 data. The data were 

included in the data pool, and it was assumed that all data are of sufficient quality for risk 
assessment because the data was provided by USEPA. 

Both surface soil (0- to 1-foot) data sets (USEPA and E/A&H) were used to quantify 

risk/hazard. Many E/A&H sample locations were duplicated by USEPA, and data from both 

sampling events (at one location) were included in the data pool. The focus of both sampling 

efforts was suspected hot spots. Due to this biased sampling effort, the data are positively 
biased, and resultant EPCs are likely gross overestimates of the contamination to which receptors 
will be chronically exposed. 
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Characterization of Exposure Setting and Identification of Exposure Pathways 

Uncertainty in the exposure setting and pathways exists due to the highly conservative 

assumptions (i.e., future residential use) recommended by USEPA Region IV when assessing 

potential future and current exposure. The current use exposure pathways selected in 

Section 10.3 for assessment would not be expected as part of normal daily work activities. 

Principal activities are centered around process units and onsite offices. Most heavily impacted 

areas with direct exposure pathway potential are remote from these operations. OU 10 is 

currently fenced and under armed guard by the Navy, and the likelihood of chronic exposure 

to trespassers is extremely low. The corresponding exposure assumptions are therefore highly 

conservative. Potential future use exposure pathways are not expected to be completed because 
the facility is slated to continue to operate in its current capacity for the foreseeable future. 

Exposure pathways were selected by USEPA as an extremely conservative estimate of 
risWhazard onsite. The result would tend to be an overestimate of riswhazard under anticipated 

use conditions. 

Determination of Exposure Concentrations 

Based on the guidance provided by USEPA, EPCs are concentrations used to estimate chronic 

daily intake. The uncertainty associated with EPCs primarily stems from their statistical 
determination or imposition of maximum concentrations, described below. 

Statistical Estimation of Exposure Point Concentrations 

USEPA provided supplemental guidance which outlines a statistical estimation of EPC. These 

calculated concentrations are 95% Upper Confidence Level Mean Concentrations which are 

based on certain assumptions. USEPA makes the assumption that most (if not all) environmental 
data are log-normally distributed. Many environmental data are neither normally nor log- 
normally distributed, and imposition of a set rule may result in under/overestimation of exposure 

dependent upon actual chemical distributions. 
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The UCL calculation is provided in Supplemental Guidance to RAGS: Calculating the 

Concentration Tern, May 1992. This calculation, the H-statistic, is based on the number of 

samples analyzed for each COPC and the standard deviation of the results. To obtain this 

number, a table must be referenced, and the value must be estimated from the table. The 
quation for the H-statistic has not been provided in the supplemental guidance, nor does the 
document referenced in the guidance provide the equation. Although the statistic appears to be 
nonlinear, a linear assumption was made to facilitate interpolation of the statistic for each COPC 
addressed in the BRA. 

Linear interpolation is a good estimate of H; however, it is important to note that the formula 

and H are natural log values, and H is applied as a multiplier. The effect of multiplying natural 

log numbers is not equivalent to multiplying untransformed values. While data are log 

transformed, adding two numbers is the equivalent of multiplying the two numbers if they were 
not transformed. The effect of multiplying a number while in log form is exponential, and H 
is applied as a multiplier. In summary, the use of this method to calculate the UCL includes 

much uncertainty (an overestimation of risk/hazard), and often provides concentrations greater 

than the maximum concentration detected onsite. 

0 

Although RAGS advocates the use of neither worst-case scenarios nor maximum concentrations 

as EPCs, the use of the H-statistic often necessitates the use of the reported maximum 

concentration as EPC. The lesser of the maximum concentration and the UCL is used as the 
EPC. Summation of risk based on maximum concentrations leads to overestimation of 
risklhazard, especially in the case of low detection frequency or spatially segregated COPCs. 
This concept is further discussed below. 

Frequency of Detection and Spatial Distribution 

Because of the influence of the standard deviation on EPC, low frequency of detection can cause 

COPCs to be inappropriately addressed in the risk assessment. More specifically, COPCs 0 
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detected only once or twice in all samples analyzed (having concentrations in excess of the RBCs 
and reference concentrations) would be expected to have a relatively higher standard deviation 

as concentration variability or range widens. A higher standard deviation results in a high H- 
statistic, and this typically leads to a UCL greater than the maximum concentration detected 

onsite. If that is the case, then the use of the UCL or maximum concentration detected as EPC 
(or possibly the inclusion of the COPC in question) may not be appropriate when EPC is 
assumed to be ubiquitous. Specific frequency of detection uncertainty is discussed on a medium- 

specific basis in subsequent paragraphs. 

For example, if three chemicals were detected at relatively high concentrations at two of three 

separate locations, and these three locations were the only sample locations where the chemicals 

were detected, the 95% UCL would likely be greater than the maximum concentrations (due to 
a high H value). In cases where the UCL is greater than the maximum concentration, the 

maximum concentration is used as the exposure point concentration in the risk assessment. The 

use of three maximum concentrations to calculate risk, and the sum of the risks, would skew the 

risk assessment to increased risk levels under the selected exposure scenarios. The likelihood 

that a receptor is simultaneously exposed to maximum concentrations at several locations is 
infinitesimally small. 

@ 

The hot spot procedure for quantifying exposure was used to provide a more accurate assessment 

of potential exposure. FI/FC factors were computed using conservative estimates of hot spot 
areas. It is likely that supplemental sampling close to identified hot spots would assist in more 

accurately delineated areal extent. 

Toxicity Assessment Information 

There is a generally recognized uncertainty in human risk values developed from experimental 

data primarily due to the uncertainty of data extrapolation in the areas of: (1) high to low-dose 

exposure and (2) animal data to human experience. The site-specific uncertainty is mainly in e 
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the degree of accuracy of the exposure assumptions. Most assumptions used in this and any risk 
assessment have not been verified. For example, the degree of chemical absorption from the 

gut or through the skin or the amount of soil contact is not known with certainty. Generally 

accepted default values provided in USEPA guidance. were used. However, little data or 

guidance are available on the dermal absorption of particulate-bound chemicals. In the risk 
assessment conducted for the study area, the dermal pathway was assumed to contribute to 
overall CDI for the soil pathway, although the transdermal transport of each COPC has not been 

quantified experimentally. 

The uncertainty of toxicological values from the IRIS and HEAST databases provided by USEPA 
are summarized where available in Table 10-34. The uncertainty factors assigned to these values 

account for acute to chronic dose extrapolation, study inadequacies, and sensitive subpopulations 

among other factors. Although uncertainty factors for a specific compound may be 1,OOO or 

higher, these safety factors are applied by USEPA to assist in guaranteeing that the overall 

assessment of risk/hazard is conservative toward human health concerns. In the presence of such 

uncertainty, the USEPA and the risk assessor are obligated to make conservative assumptions, 

so the chance is very small for the actual health risk to be greater than what is determined 

through the risk assessment process. On the other hand, the process is not to yield absurdly 

conservative risk values that have no basis in reality. This balance was kept in mind in the 

a 

development of exposure assumptions and pathways and in the interpretation of data and 

guidance for this BRA. Most toxicological values likely overestimate the probability or potential 

for adverse human health effects due to extrapolation of toxicity data from animals to human, 
acute to chronic exposures, and healthy to sensitive subpopulations. 

Evaluation of Chemicals for Which No Toxicity Values Are Available 

In addition to the typical uncertainties inherent in toxicity values, parameters which do not have 

corresponding RBCs due to the lack of approved toxicological values were included in the CDI 
calculation data. This information was provided to facilitate risWhazard projections should a 
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‘toxicological values become available in the future. In addition, many essential nutrients were 

detected above reference concentrations. 

Elimination of Essential Elements: Calcium, Iron, Magnesium, Potassium, and Sodium 

In accordance with RAGS Part A, essential elements that are potentially toxic only at extremely 

high concentrations may be eliminated from further consideration as COPCs in a risk 
assessment. Specifically, an essential nutrient may be screened out of a risk assessment if it is 

shown to be present at concentrations that are not associated with adverse health effects. Based 

on RAGS, the lack of risk-related data, and USEPA’s recommendations, the following essential 

nutrients were eliminated from the human health risk assessment: calcium, iron, magnesium, 

potassium, and sodium. 

Quantification of RisWHazard 

As indicated by the discussions above, the sources of uncertainty in the general risk assessment 

process are numerous. In addition, many site-specific factors have affected the uncertainty of 
this assessment. Exposure pathway-specific sources of uncertainty are discussed below. 

Soil 
The most highly contaminated soil identified onsite is in the abandoned WTP (soil 

sample 33S57), and this surface soil has since been removed. Other isolated locations at which 

relatively elevated concentrations of COPCs were detected is the swale area (northcentral portion 

of the study area) and location 33S20 west of the former ISDBs. Both locations are outside the 

normal operational range of Site personnel. Therefore, as discussed in exposure setting 

uncertainty discussion, the actual potential for chronic exposure to the soil is low. Workers do 

not frequent the two hot spots identified for surface soils. However, in computing potential soil 

riswhazard, an equal likelihood of exposure in these areas was assumed relative to other areas 

subject to heavy foot traffic. The risk/hazard was adjusted for percent area affected (FI/FC) 

factors for COPCs found in isolated hot spots. The maximum detected concentration of any hot 
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spot COPC was used as the EPC. This approach is conservative and would tend to positively 

bias risk projections. 

The current use worker exposure pathway is usually considered the least conservative of the 
exposure pathways. As previously mentioned, it is highly conservative in this case. No COCs 

would be identified for OU 10 and Site 13 based on the current use worker scenario applied in 

this report. It is important to note that operations at OU 10 are not scheduled to cease, and 
onsite residential development is unlikely. The potential future use residential scenario was 

addressed in this report as recommended by USEPA Region IV, and COCs were identified for 

this scenario only. 

. 

Additional pathways addressed in this BRA are also highly conservative. An adolescent child 

(age 7-16), who would be more likely to trespass than other individuals, was assessed under 

highly conservative assumptions. No trespass events are documented; however, it was assumed 

that the potential exists under current use for trespass to occur at OU 10. Although it was 

assumed that an individual would trespass 52 days/year over a 10-year period, no significant 

nsWhazard was indicated by the calculations. The trespass exposure pathway is highly 

conservative, and no adverse health effects would be predicted for this pathway and exposure 

scenario based on the calculations in this report. No COCs would be identified for OU 10 and 

Site 13 based on the trespass exposure scenario. 

@ 

Risk values used were for hexavalent chromium (assuming that all chromium detected onsite was 

in its hexavalent form), and the mean chromium concentration is approximately one-tenth that 

used as the EPC (the maximum). Therefore, the central tendency analysis of surface soils 
should shed some light on the hazard posed by chromium in OU 10 surface soils. The 
frequency of detection for major contributing COPCs to HI and risk are: 
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COPC Frequency EPC Used 
chromium 17/18 maximum used 

benzo(a)p yrene 1/18 hot spot used 

PAHs such as benzo(a)pyrene are present in asphalt, creosote, and other products involving 

incomplete combustion. The risk associated with dermal contact and incidental ingestion of OU 
10 surface soils is due to benzo(a)pyrene, which is less than 1E-4 excess cancer risk. In 

accordance with USEPA’s guidelines, this level of excess cancer risk would not warrant further 

investigation. The maximum concentration of benzo(a)pyrene was detected near an asphalt cap 

and a creosote-coated telephone pole. This imparts uncertainty on the benzo(a)pyrene 

concentrations detected in OU 10 surface soils. Site 13 surface soil COPCs passed the 

comparison to screening values. Therefore, no Site 13 surface soil COPCs were addressed in 
this BRA. 0 
The chromium reported at OU 10 was assumed to be hexavalent, and the hazard estimates for 
chromium are overestimates. Chromium is found as either trivalent or hexavalent, and 
toxicological reference information used to calculate the hazard quotient for chromium differs 

for each valence state. USEPA determined the reference dose for trivalent and hexavalent 

chromium to be 1 .O and 5E-3 mg/kg-day, respectively. During supplemental sampling activities 

at OU 10, samples were analyzed for hexavalent chromium, which was not reported in any 
medium at OU 10. Therefore, the chromium detected at OU 10 can be characterized as 
exclusively trivalent, and the use of the hexavalent reference dose in the hazard calculations for 

chromium overestimates chromium hazard approximately 200 times. 

Chromium contributed approximately 90 percent of the soil hazard for the future site resident 
exposure scenario (e.g., chromium contributed 2.3 of the total 2.6 child resident hazard index), 

and using the reference dose for trivalent chromium would result in elimination of this exposure 

pathway as a pathway of concern based on hazard (Le., the pathway hazard index would be less 0 
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than 1.0). In addition, chromium would have been eliminated from formal assessment in soils 

as a result of risk-based screening; no hazard-based COCs would be identified, and no hazard- 

based RGOs would be calculated for the soil pathway. 

Although chromium was identified as a COC in shallow and intermediate groundwater, 

chromium contributed less than three percent of the total hazard index, and the change in the 

groundwater pathway hazard index after applying the reference dose for trivalent chromium 
would be relatively insignificant. As is the case for soil, chromium would be eliminated from 

formal groundwater assessment as a result of risk-based screening. 

Central Tendency (CT) analysis of OU 10 surface soil ingestion would reduce the risk 
projections. Rather than applying 90 to 95 percentile RME assumptions previously presented 

in the Quantification of Exposure Section, CT is based on 50th percentile or median exposure 
assumptions. The RME exposure durations for children and adults are 6 and 24 years, 
respectively. The corresponding CT exposure durations are 2 and 7 years. The incidental 

ingestion rate for the child and adult are one-half of the RME values. Because risk calculations 
are linear and CT analyses are based on the same EPC used for RME, the reducing effect of 

these exposure assumptions is obvious. The resulting risk projections would approach the 

thresholds set by USEPA and FDEP, rather than exceeding the threshold as in HI. The EPC 

* 

for chromium is the maximum concentration detected, and the actual hazard would be less than 

the threshold. If the RfD for trivalent chromium were used, the HQ for chromium would be 

reduced to 200 times the HQ shown in the table. The dermal exposure pathway would be 

reduced to less than the USEPAIFDEP threshold of 1 .O. Repeat sampling in areas to distinguish 
the chromium I11 versus chromium VI concentrations would help determine whether all 
chromium detected onsite is chromium VI. 

Another factor which introduces uncertainty into the soil exposure pathways is the use of two 

data sets to provide the data for this BRA. As discussed in the Quality of Data Section, I) 
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supplemental soil sampling was performed onsite by USEPA, and these data were not delivered 

in standard CLP format. Therefore, validation of the data was not possible, and the assumption 

was made that all the data collected are of sufficient quality for risk assessment. Uncertainty 

is introduced when using data collected over a 2-year period. Site 13 surface soil data consisted 

solely of concentrations provided to E/A&H by USEPA. 

A comparison to the USEPA supplemental sampling results was performed and is shown in 
Table 10-46. As stated in USEPA's sampling report submitted to the Navy June 8, 1994, 

"US-EPA sampling results found generally fewer semi-volatile and pesticide compounds, but this 

may be due to the fact that USEPA samples were collected over a much smaller interval." 

Based on USEPA's report, smaller interval sampling can skew concentrations detected higher 

(and as a result would influence risWhazard in the same way). In addition, USEPA detected 

1,2-dichloroethane in soil samples at low concentrations in the relatively isolated swale area. 
It is uncertain whether these low concentrations are laboratory artifacts or actual contamination 

because a data validation report was not provided with the data. Additional soil sampling at the 

groundwater table was recommended by USEPA. 

@ 

Gmundwuter 

The primary source of uncertainty in the groundwater exposure pathway is the potable use 
assumption. The combined shallow/intermediate water-bearing zone is not currently used onsite 

as an industrial or potable water source, nor is it anticipated to be in the future. The deep 
water-bearing zone is assessed separately, but the two upper water-bearing zones are combined. 

If the future use scenario were to exist, and a future site resident did segregate the shallow from 

the intermediate, a change in the estimated risk could be expected. However, there is no 
identifiable aquitard between shallow and intermediate zones, and a residential well would 

require higher yield than a monitoring well. Thus, it  is likely that any residential well would 
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Tabk 1046 
Analytical Data Comparison of Soil Sampka 

OU 10 and Sit. 13 
Poluacola, Florida 

,Chrornlum I1 
(USEPA) (EnSafo) 

32806 (33) I 28 I 15.6 11 50 I 1.8 

32824 (33) -1 39 I 183.0 11 580 I ND 
I I I I  I 

32853 (33) 14 21 .o 33 105.0 

32854 (33) ND 

32855 (33) ND 

32532 (33) 57 

32801 (33) 46 

5.3 19.0 

3.8 21.1 

680 935.0 

910 289 

32836 (33) 56 25.0 600 80.1 

32839 (33) 34 101.0 240 1350.0 

32806 (13) ND 1.5 ND NO 

32561 (13) ND 1.4 1.2 ND 

32567 (13) 

32568 (131 

1.4 I ND 11 0 -  10' I 0 -24 '  

'I 12 ND 0 - 8 "  

'I 2 .o 16.9 0 - 6" 

ND 1.3 0 - 8' 

ND 4.5 0 - 9" 

'.I 

'I 

.I' 21 31.2 0 -  109 

22 6.8 0 -  109 I' 

Y 

0. 16 39.0 2 -  12" 

6.2 ND 0 - 8" 

ND ND 0 - 8" 

NO ND 0 -  10' 

NO ND 0 - 9" 

0. 

I" 

" 

" 

Notes: 
All units are mgkg 
0 - 
ND E indicates material was analyzed for but not detected 
USEPA sampling intervals differ by a few inches 
The information for this table was excerpted from USEPA's sampling report to the Navy. submitted June 8.  1994, Table 4. 

indicates site number - 
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'be screened across the two water-bearing zones to maximize the volume of groundwater that 

could be extracted without inordinant drawdown, and that well (like most residential wells) 

would be filtered. It is important to emphasize the fact that the future use scenario is not 

expected based on Navy plans for the base, OU 10 and Site 13. This exposure pathway was 

addressed as an extremely conservative risk estimate for future land use under the residential 

exposure scenario. 

Supplemental guidance was presented in draft form in June 1994 by USEPA Region IV to 
streamline the approach used to address inhalation of contaminants via the groundwater exposure 

pathway. According to the draft supplemental guidance, the CDI for the inhalation pathway is 

equivalent to that of the ingestion pathway where two liters of groundwater are ingested daily. 

According to the draft guidance, the risWhazard posed by the pathways is cumulative; three- 
times the oral ingestion pathway chronic daily intake has been proposed as an equivalent 

calculation for the cumulative ingestion, and inhalation exposure pathways. Previously, these 

pathways were calculated separately using chemical specific factors and pathway-specific 

exposure assumptions. In addition to these factors, this draft method does not consider fugacity 

(Le., the propensity for a substance to break free from the containing medium) as part of the 

suggested calculation. This proposed method does not include the inhalation reference dose or 
slope factor, but it is applied to the ingestion formula. Therefore, the critical study and effect 

is applied to an incompatible formula, but USEPA prefers this method and assumes that the 

result of this calculation method is equivalent. 

. 
Inhalation reference doses are sometimes based on experimental endpoints and critical studies 

other than those used to derive the oral toxicity values. The critical effect selected in the study 

to derive the inhalation reference dose could be an effect that is highly improbable in the case 

of ingestion exposure, and a significant difference could exist between the oral and inhalation 

threshold doses. Therefore, based on the factors discussed above, the uncertainty of the new, 
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proposed equivalent method approach appears to be significant. The most critical omission from 

the draft guidance is a recognition of potential dose-response relationship differences between 

oral and inhalation exposures. Furthermore, its draft status suggests that a consensus opinion 

on its technical merit has not been issued within USEPA. At USEPA request, the supplemental 

groundwater VOC guidance method for calculating inhalation CDI was used. Where available, 
RfDi and SFi were used to predict hazard and risk. In the absence of inhalation-specific 

toxicological values, oral RfD and SF were applied as a conservative estimator. 

As in the supplemental soil sampling, another factor which introduces uncertainty into the 

groundwater exposure pathways is the use of initial sampling (first round) data, rather than a 

compiled data set. As discussed in the Risk Uncertainty: Quality of Data Section, supplemental 
groundwater sampling was performed onsite by USEPA, and these data were not delivered in 

standard CLP format. Therefore, validation of these data was not possible. Two different 

sampling techniques were employed by E/A&H and USEPA, and combining the two data sets 

would not be appropriate for this BRA. USEPA introduced a low-flow purging and sampling 

technique. Teflon bailer groundwater sampling techniques were originally used to sample 

monitoring wells; re-sampled well data were obtained using low-flow, quiescent pumps. In 

addition, only selected wells were resampled, and a complete data set does not exist for the 
quiescent sampling method. Uncertainty is also introduced when using data collected over a 2- 

year period. The two data sets are compared in Table 10-47. 

0 

An approach similar to that applied to soil for limiting RME uncertainties was taken for 

groundwater. It would be implausible to expect an individual to be chronically exposed to the 

maximum concentration of each groundwater chemical. Substitution of the 95% UCL mean 
concentration (where possible) for each chemical provides a reasonably conservative estimate 

of the chronic levels to which an individual may be exposed via the groundwater pathway. 

Spatial analysis shows that inorganic and organic COPCs did not consistently coexist, and 

detections appeared to be random rather than suggestive of a defined plume. 0 
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32607 45 13U 1 ou 28.7 6.0U 5.0U 5.0U 

32G15 5.0U 2.0u 1 ou 35.6 6.25 5.0U 5.0U 

32603 5.3 2.0u 1 ou 75.7 13.5 5.0U 5.0U 

32GM66 5.0U NS 370 31 6 NS 5.4 NS 

32G02 5 .OU 2.0u 1 ou 10.7 6.0U 5.0U 5.0U 

5.0 

0.6 

7.1 

-0.6' 

2.3 

Notes: 
All units are pgII 
f - - Indicates filtered sample 
NS = Indicates no sample 

USEPA sampling intervals differ by a few inches 
The information for this table was excerpted from USEPA's sampling report to the Navy, submitted June 8, 1994, Table 5. 

- - Indicates one measurement only (interference) 

I 
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Many essential nutrients were detected in the shallow and intermediate water-bearing zones. 
Iron, magnesium, calcium, potassium, and sodium were formally assessed in this risk assessment 

based on the screening approach applied to groundwater. Sodium is the only essential nutrient 

that exceeds the corresponding reference concentration at the mean concentration detected. In 

addition, these essential nutrients would be expected due to possible saltwater intrusion and the 

proximity of Pensacola Bay. In addition to these nutrients, arsenic would be expected to be 
present (as it is in seafood). Arsenic did not exceed its federal MCL or FPDWS at the 

maximum concentration detected. At the maximum concentration detected, arsenic poses 2.1E-4 
excess cancer risk, and is approximately 7% of the MCL. Cadmium was detected, but in only 

one of 27 samples analyzed (3.7%). 

Groundwater metals concentrations were obtained from unfiltered samples. Filtered sample 

results indicated most cadmium, chromium and lead were removed through filtration in most 

instances. As mentioned previously, filtration would likely be a part of any system deriving 

water from the shallow water-bearing zone for potable use. As stated in Section 9, Fate and 

Transport, the groundwater in this aquifer has been shown to be highly turbid and to contain 
natural iron, manganese, and sodium concentrations exceeding FSDWS. A large portion of the 

aquifer yields dark brown, highly organic pore water with an acrid H2S odor. Based on natural 

qualities, the aquifer does not appear suitable as a drinking water supply either in impacted or 

unimpacted areas. 

As discussed for exposure to surface soils, ubiquitous exposure was assumed for all monitoring 

well data from OU 10 and Site 13. Percent area affected was not applied to the risk projections, 

and this is a highly conservative approach, especially when COPC detections were low in 

frequency. Benzene, cadmium and vinyl chloride were detected in only one of 27 samples 

(3.7%), and tetrachloroethene was detected thrice in 27 samples (1 1 %). These low frequency 

of COPC detections would not be expected to be encountered at all residential locations if 

potable wells were established. Benzene and arsenic did not exceed the corresponding federal @ 
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MCL nor FPDWS. In addition, the excess cancer risk identified in the ingestion of groundwater 

exposure pathway is primarily based on vinyl chloride and arsenic. As previously stated, arsenic 

did not exceed the MCL at the maximum concentration detected, and vinyl chloride was detected 

in one of 27 samples (3.7%). Some chemicals were detected at concentrations very near the 

detection limit, and because the mean concentration is calculated using one-half the lowest hit 

or one-half the lowest detection limit, the resulting EPC (based on the UCL) would approximate 

the maximum concentration detected. Although the EPC represents the entire site, the risk 

projections are biased toward the conservative side because no percent area affected was 

considered in the calculations. The inhalation exposure pathway (potential future use) is also 

a concern, but the projected excess cancer risk is not above the USEPA point of departure. HI 

is 6 for a child and 3 for an adult, and this indicates COCs will be identified for this exposure 

pathway. 

As discussed above, the likelihood that the aquifer is used for a drinking water supply is 

extremely low. Also previously discussed is the Navy's intention for continued operations, 

which indicates the area will remain a limited access area. COCs were identified assuming 

potable water use by site residents; the conservatism and resulting overestimation of risk 
projections is large. No COCs were identified in other groundwater exposure scenarios (other 

than potential future use residential ingestion and inhalation), and the alternative pathways are 
also highly conservative because groundwater is not used as a potable source at OU 10 or 

Site 13. 

A comparison to the supplemental sampling by USEPA was performed. As stated in USEPA's 

sampling report submitted to the Navy (June 8, 1994): USEPA "groundwater sampling results 

show considerable improvement in the concentrations and extent of lead and chromium 

concentrations. Where the Navy previously reported lead in four of these five wells, US-EPA 
results indicate only two of the wells contain detectable lead concentrations. Likewise, where 

the Navy reported chromium present in all five wells, US-EPA reported chromium in only one." 0 
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The quiescent sampling technique was incoprated at NAS Pensacola by the Navy. However, 

the data used in this BRA were derived from typical bailer sampling techniques. As shown by 

the USEPA’s report (provided in Appendix R of this report) and Table 10-47, this technique can 
positively bias concentrations detected, and s a result, would similarly influence nsWhazard. 

Central Tendency analysis was performed for groundwater. As discussed for the soil pathway, 

50th percentile exposure assumptions result in median risk projections. The exposure duration 

is reduced to 2 and 7 years for the child and adult, respectively. Ingestion rates are also reduced 
from 2 liters per day (L/d) to 1.4 L/d for adults and 0.5 Lid for children. Unlike CT analysis 

for soils, the exposure frequency is also adjusted to the 50th percentile value for exposure to 

groundwater. The RME exposure frequency is 350 dayslyear, and the CT exposure frequency 

is reduced to 234 daydyear. In addition, an adjustment of 75% is applied to the ingestion rates 

for the dietary fraction of water consumed to account for other possible sources (canned drinks, 

bottled water, etc.) The CT CDI and resulting risk projections for shallow and intermediate 

(combined aquifer for Sites OU 10 and 13) and deep groundwater are presented in Tables 10-48 

through 10-52. The inhalation pathway was also assessed for shallow and intermediate CT, and 

these tables are included. Volatiles were not detected in deep zone groundwater, so the 

inhalation exposure pathway does not apply to this water-bearing zone. The specific tables are: 

Subject Table 

* 

Shallow and intermediate groundwater ingestion CDI 10-48 

Shallow and intermediate groundwater ingestion risk projections 

Shallow and intermediate groundwater inhalation risk projections 

Deep groundwater ingestion CDI 
Deep groundwater ingestion risk projections 

10-49 

10-50 

10-5 1 

10-52 

As shown in Tables 10-49 and 10-50, shallow and intermediate groundwater HI and risk under 

CT assumptions are approximately 75 percent lower than RME. 
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Table 10-48 
Central Tendency - Chronic Daily Intakes for Future RcsidenEs 

. Ingestion and Inhalation of Shallow and lntmnedmte Groundwater 
NAS Pensacoh, OUlO and Sie 13 Combined 
Pensacda', Florida 

Exposure Point 
CCUKY2ntrati 

Chemical (mg/L) 

1 ,l-DichloroethatW 
1 
1.2-Dichkrocthcne (total) 
1 .bDichlarabentene 
1 ,QDichlorobenzene 
2.4Dichlorophcnd 
Acenaphthene 
Aluminum 
Arsenic 
Benzene 
Bis(24hylhexyl)pMhalate 
Cadmium 
Carbon Disulfde 
Chlorobenzene 
Chromium 
Dieldrin 
Hexachloroethane 
Lead 
Maw- 
Mercury 
Naphthalene 
Tetrachloroethene 
Trichloroethene 
Vanadium . 
Vinyl Chloride 

0.W 
1.11 

O.W27€ 
0.274 
0.442 

0.0015? 
0.001 87 

8.H 
0.0071 
0.001E 

O.OO804 
0.01 094 
0.0022 
0.32oe 

0.01 905 
0.000003 
0.001083 
0.006351 
0.19341 

0.000624 
0.00781 
0.00731 
0.0017 

0.021 72 
0.00321 

6.25E-04 
1.12E42 
2.6SE-05 
2.63E-03 
4.25E-03 
1.47E-05 
1 .WE= 
8.33E42 
7.43E-05 
1.56E45 
7.73E-05 
1 B5E-04 
2.21 E45 
3.08E-03 
1.83E-04 
2.88E-08 
1 .ME45 
6.1 1 E-05 
1 .ME= 
6.00E-06 
7.51 E45 
7.03E-05 
1 .WE= 
2.09E-04 
3.09E-05 

1.04E-03 
1.07E-02 
4.42E-05 
4.39E-03 
7.08E-03 
2.45E-05 
3.00E-05 
1 .=E41 
1.24E-w 
2.60E-05 
1.29E-04 
1 .=E44 
3.69E-05 
5.14E-03 
3.05E-04 
4.81 E-08 
1.74E-05 
1.02E-04 
3.1oE-03 
1 mE-05 
1 .=E44 
1.17E-04 
2.72E-05 
3.48E-04 
5.14E-05 

9.23E45 
1.6sE-03 
3.s2E-136 
3.89E-w 
6.27E-04 
217E-06 
2.65E-136 
1.23E42 
l.loE-05 
231 E-06 
1.1405 
1 S E - 0 5  
3.m-06 
4.56E-04 
27oE-05 
4 s -  
1.54E-136 
9.02E-06 
27sE-04 
8.66E47 
1.11E-05 
1 mE-05 
2.41 E46 
3.mE-05 
4.56E-06 

NOTES: 
a Carcinugenic chronic daily intake b based on the lifetime weighted 8vetage (kn) of M .dult 

exposed for seven years and a child using an onsite well for (wo years. 
CDI Chronic daily intake in units of mgntglday. 

H-CDI CDI for hazard quotiit. 
C-CDI CDI for excess cancer risk. 
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Table 10-49 
Central Tendency - Hazard Quotients and lncremmtal Lifetihe 
Cancer Risks- Ingestion of Shallow and lntermediite Grwndwter 
NAS Pensawla, OU10 and Site 13 Combined 
Pensamla, Florida 

Slope Reference 
Factor D W  
Used U d  

Chemical (mglkg/day)-l ~ W d W  

1 ,l-Dichlocoethane 
1 ,Z-Dichkrokm- 
1 J-DichkroeVmn (total) 
1 ,bDichlocobenzene 
1 ,QDichlorobenzene 
2,QDichlorophenol 
Acenaphthene 
Aluminum 
Arsenic 
Benzene 
Bis( 2 4  hylhexyl)pht halate 
Cadmium 
Carbon Disulfd 
Chlorobenzene 
Chromium 
Dieldrin 
Hexachloroethane 
Lead 
Manganese 
Mercury 
Naphthalene 
Tetrachloroethene 
Trichloroethene 
Vanadium 
Wnyl Chloride 

Hazard Index 
Total Risk 

ND 
ND 
ND 
ND 

0.024 
ND 
ND 
ND 

1.75 
0.029 
0.01 4 

ND 
ND 
ND 
ND 
16 

0.01 4 
ND 
ND 
ND 
ND 

0.052 
0.01 1 

ND 
1.9 

0.1 
0.09 

0.009 
0.089 
0.229 
0.003 
0.06 

1 
0.0003 

0.00171 
0.02 

O.OOO5 
0.1 

0.02 
0.005 
5E-05 
0.001 

ND 
0.005 

O.OOO3 
0.04 
0.01 

0.006 
0.007 

ND 

PdSntirlFuture PotentialFIlbrn PotcntialFutun 
R.rickntAduR RcsidantChild R&dontIm 

Hazard Puotiimt Hazard Quotient ILCR (a) 

0.01 
0.12 

0.003 
0.03 
0.02 

0.005 
O.OOO3 

0.08 
0.25 
0.01 

0.21 
0.0002 

0.15 
0.04 

0.001 
0.01 
NA 

0.37 
0.02 

0.002 
0.01 

0.003 
0.03 
NA 

0.004' 

1.4 

0.01 
0.21 

0.005 
0.05 
0.03 
0.01 

O.OOO5 
0.14 
0.41 
0.02 
0.01 
0.35 

O.ooo4 
0.26 
0.06 

0.001 
0.02 
NA 

0.62 
0.03 

0.003 
0.01 

0.005 
0.05 
NA 

2.3 

NA 
NA 
NA 
NA 

1.51 E-05 
NA 
NA 
NA 

1 .=E45 
6.69E-08 
1 .WE47 

NA 
NA 
NA 
NA 

6.81 E-08 
2.1 5E-08 

NA 
NA 
NA 
NA 

5.40E07 
2.85E-08 

NA 
8.66E06 

NOTES: 
a Carcinogenic chronic daily intake is bawd on the lifetime weighted average (h) of an adult 

exposed for seven years and a child wing an onsite well for two years. 
ND Not determined due to lack of infonnatii 
NA Not applicable d w  to the lack of approme toxicological values. 

lindicates an inhalation slope factor or reference dose was used as a surrogate oral value. 

4E-05 
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Table 10-50 
Central Tendency - Hazard Quotients and Incremental Lifetime 
Cancer Risks- Inhalation of Volatilized Shallow and Intermediate Groundwater Contaminants 
NAS Pensacola, OU10 and Site 13 Combined 
Pensacola. Florida 

Reference 
Dose 

Slope 
Factor 

Future Use 
Potential Future Potential Future Potential Future 

used used 
Chemical (mgikglday)-1 (rng/kg/day) 

Resident Adult Resident Child Resident hnra 
Hazard Quotient Hazard Quotient ILCR (a) 

1, l  -Dichloroethane 
1.2-Dichlorobenzene 
1,2-Dichloroethene (total) 
1,3-Dichlorobenzene 
1,4Dichlorobenzcne 
Benzene 
Carbon Disulfide 
Chlorobenzene 
Hexachloroethane 
Tetrachloroethene 
Trichloroethene 
Wnyi Chloride 

Hazard Index 
Total Risk 

ND 
ND 
ND 
ND 

0.024 
0.029 

ND 
ND 

0.01 4 
0.00203 

0.006 
0.3 

0.143 
0.04 

0.009 
0.089 
0.229 

0.01 71 
0.00286 
0.00571 

0.001 
0.01 

0.006 
ND 

0.004 
0.28 

0.003 
0.03 
0.02 

0.001 
0.01 
0.54 
0.01 
0.01 

0.003 
NA 

0.9 

0.01 
0.47 

0.005 
0.05 
0.03 
0.m 
0.01 
0.90 
0.02 
0.01 

0.005 
NA 

1.5 

NOTES: 
a Carcinogenic chronic daily intake is based on the lifetime weighted average (ha) of an adult 

exposed for seven years and a child using an omlte well f w  two years. 
ND Not determlned due to lack of information. 
NA Not applicable duc to the lack of appropriate toxicalagkal valucs. 

Indicates an ingestion slope factor or reference dose has used as a surrogate Inhalation value. 

NA 
NA 
NA 
NA 

1.51 €45 
6.69E48 

NA 
NA 

2.15E- 
2.11EM) 
1 .&E48 
1.37E46 

2E-05 
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Table 10-51 
Central Tendency - Chronic Daily Intakes for Future Residenk 
lngestii of Deep Groundwater 
NAS Pcnsacala. OUlO 
Pensawla, Fbrida 

Future Urn 
Exposure Point Resident Adult Reridant Chi# RaidantMa 

Chemical (mg/L) (mglkgl day) ( W c b y )  (-) (8) 

Concentration H-CDI H-CDI C-CDI 

I 

Aluminum 
Arsenic 

11.8 1 1 .13E01 1 .WE01 1 .WE42 
0.0048 4.62E-05 7.69E-05 6.81 E06 

NOTES: 
a Carcinogenic chronic daily intake Q based on the lifetime waighted average (Ma) of 8n dult 

age 7-31 and a child age 1-6. 
CDI Chronic daily intake in units of mgkglday. 

H-CDI CDI for hazard quotient. 
C-CDI CDI for excess cancer risk. 
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Table l(152 
Central Tendency - Hazard Qudints and Incremental Lifetime 
Cancer Risks - Ingestion of Deep Groundwater 
NAS Pensacda. OUlO 

Sbpe Reference 
Factor Dose 
Used Used 

Chemical (mg/kg/day)-l (mg/kg/day) 

Future Use 
Potential Future Potential Future Potential Future 
R,e~i&d AdUn Resident Child R e s i a n t h  

H=K~ awticnt  gad a u d i i t  ILCR (a) 

A I u m i n u m 
Arsenic 

Hazard Index 
Total Risk 

ND 3 
1.75 O.WO3 

0.04 
0.15 

I 0.2 

0.06 ND 
0.26 1.19E-05 

0.3 
1.19E-05 

NOTES: 
a Incremental lifetime cancer risk (ILCR) k based on the lifetime migMed average (h) of an adult 

exposed for Seven years and a child using an onsite well for two pars. 
ND Not determined due to lack of information. 
NA Not applicable due to the lack of appropriate toxdogiical values. 
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* Surface Water and Sediment 

Under the conservative assumptions used to project risk for these exposure pathways, no COCs 

were identified, except for arsenic in Site 13 sediment. The potential for human exposure to 
surface water and sediment under the conditions set forth is quite low. As previously discussed, 

the surface water in question is located in a stagnant ditch. The likelihood of a trespassing child 

swimming/playing in the ditch 52 days per year is negligible. As part of the potential future use 
assessment, potential receptors were addressed under the recreational scenario, 140 days per year 

for a child and 104 days per year for an adult. Also, the sediment contained in the ditch and 

at Magazine Point would not likely be ingested chronically, because all vacation time (potential 

future use) would not be spent in one location. Currently, it has not been documented that 

children (age 7-16) have trespassed onsite. In addition, the current worker has no reason to 

spend significant time in the areas identified (if any). These scenarios are highly unlikely 

because there are no plans to cease operations and build residences, and the area in question is 
not only fenced, but is under guard. However, these scenarios do provide a highly conservative 

assessment and assist in evaluating potential overall risklhazard. Because no COCs were 
identified for the trespass and recreational scenarios (calculated under highly conservative 

assumptions), confidence is high in these projections. 

e 

10.7 Risk Summary 

The human health risk associated with exposure to environmental media at OU 10 and Site 13 

was assessed for current Site workers, potential current child trespassers, and future Site 

residents. The exposure media considered in these assessments included surface soil (0- to 1- 

foot depth interval), shallow/intermediate groundwater, deep groundwater, surface water, and 

sediment (from geographically distinct areas). As discussed in Section 10.5 of this BRA, the 

risk and/or hazard associated with exposure to all environmental media (and combinations 

thereof) was within USEPA’s generally acceptable ranges for both current Site workers and 

potential current child trespassers. 
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Chromium was identified as a COC in soil and combined shallow and intermediate groundwater. 

This essential trace element contributed approximately 90 percent of the total hazard index 

estimated for soils and contributed less than three percent to the combined shallow and 

intermediate groundwater hazard index. However, as discussed in Section 10.6 of this BRA, 

me chromium hazard quotients overestimate chromium approximately hazard 200 times. The 

chromium concentrations reported at OU 10 were assumed to represent hexavalent chromium, 

the most conservative of hexavalent and trivalent chromium, and no hexavalent chromium was 

detected in any medium at OU 10. 

For the hypothetical future Site resident, exposure media were shown to pose risk in excess of 
1E-6 or a hazard index greater than 1. These media included surface soils, shallow/intermediate 

groundwater, deep groundwater and Site 13 sediment. Table 10-53 summarizes the pathways 

of concern and associated COCs. Based on the outcome of the risk characterization, the COCs 

listed in Table 10-53 were determined to be the only chemicals that may warrant consideration 

during feasibility study development based on their potential threat to human health. 

' 
10.8 Remedial Goal Options 

Remedial goal options (RGO) are chemical concentrations computed to equate with specific risk 
and/or hazard goals that may be established for a particular Site. In accordance with USEPA 

Supplemental RGO Guidance, RGOs were calculated for the following risk and/or hazard goals. 

For carcinogenic COCs, RGOs were calculated at 1E-4, 1E-5 and 1E-6 risk levels. Hazard 
quotient goals of 10, 1 and 0.1 were used to establish RGOs for noncarcinogenic COCs. Where 

appropriate, the applicability of specific RGOs is discussed in the following sections. 

10.8.1 Surface Soil RGOs 

Table 10-54 provides RGOs for the combined surface soil pathway (ingestion and dermal contact 

exposures). The assumption was made throughout the BRA that all chromium detected was 
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e Table 10-53 
RuceptorlPalhway Ritk Summary - All Exposure Media 
NAS Pensamla. W10 and S i  13 
Pensacola, Florida 

Exposure Pathway 
Soil ingestion M w s y  Hazard 
Soil ingestion Pathway Risk 

Soil Dermal Contact Hazard 
Soil Delmal contact Rkk 

SA GW ingestion W r d  (1) 
SA GW Ingestion Risk (1) 

SA GW inhalation Hazard (1) 
S/l GW inhalation Risk (1) 

Deep GW Ingestion Hazard (1) 
Deep GW ingestion Risk (1) 

Surface Water ingestion Hazard 
Surface Water ingestion Risk 

OUlO Sediment Ingestion Hazard (2) 
W l O  Sediment ingestion Risk (2) * OU10 Dermal Sediment Hazard (2) 
OUlO Dermal Sediment Risk (2) 

S i  13 Sediment ingestion Hazard (2) 
S i  13 Sediment ingestion Risk (2) 

Site 13 Dermal Sediment Hazard (2) 
Site 13 Dermal Sediment Risk (2) 

SA Groundwater Use Scenario (3) 
Cross Pathways Receptor Hazard 
Cross Pathways Receptor Risk 
Deep Groundwater Use Scenario (4) 
Cross Pathways Receptor Hazard 
Cross Pathways Receptor Risk 

Potential Future bnd UI. 

Adult Child R.*d.ntIm 
Resident Resident Fulun 

Hi HI ILCR 
0.3 2.6 

6E-06 

0.1 0.1 
2E06 

3.9 9.2 
5.OEW 

2.6 6.0 
1.7EM 

0.5 1.2 
1.25EM 

0.04 0.2 
1.8E-08 

0.01 0.2 
1 E-06 

0.02 0.1 
6E-07 

0.01 0.1 
3E-06 

0.01 0.03 
2E-06 

7 19 
6.9E-04 

1 5 
1.4EM 

pd.nt*l cwnnt Land UI. 
Tr-f==inp Tnrpusino 

Child (w 7-16) 
Hi LCR 
0.1 

2E-07 

chi# (w 7-16) 

0.01 
e 0 7  

NA 
NA 

NA 
NA 

NA 
NA 

0.03 
22E-09 

0.1 
5E07 

0.02 
1 E07 

0.04 
1 E 4 6  

0.01 
3E-07 

0.3 
2.9E-m 

0.3 
2.9E-06 

CUR& hnd h 
cumntsib cumntsii 

W0fk.f W0fk.f 
HI LCR 
0.1 

7E-07 

0.04 
1 E 4 6  

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

0.1 
1.7E46 

0.1 
1 .E46 

NOTES: 
1 Shailowhntemnadmte and d n p  groundwater nskhzard -0 c0mput.d 8mpmnt.ly. F a  pwposos dhb .ummuy. It hss 

2 Assumes that exposure to both sadtwnt aroas dunng course d a cvpK.l day 
3 Assumes future Slte resident consumes water from the r h a l l o w / i ~ u ( r  war bnring zom only 
4 Assumes Mure Slt. restdent cons- water from the dwp  water bnnng LOI). only. 

HI Indicates hazard index, ILCR indicates ~ncremental Il(et~me cancer nsk: NA tndmtes that the pathway was not applK.bk 

been assumed that future SRe radontswuuld d.nw p o t a b b m t r c o x c l ~ f r a m  ono oftho mhrrt.dfomu(lom. 

to a paftmlar receptor 
SilGW indicates the combined shallow and intermediate groundwater beanng zones 
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Table 10-54 
Remedial Goal Options for Surface Soil (0 to 1 foot depth interval) 
NAS Pensacola, OUlO 
Pensacola. Florida 

Carcinogenic Risk-Based RGOs. 
Risk Goal 

Chemical O.OOO1 lE-05 1 E 4 6  

Hazard-Based ROCh Roferwe Rhk-bsed 
Hazard Quotient Goal Unadjusted Concentration Screening Soli Soil 

10 1 0.1 EPC (mglkg) (mglkg) Vaiw (mg1kg) Source Hl-child Rhk-h 

Aluminum NA NA 
Chromium VI NA NA 
Chromium 111 NA NA 
Benzo(a)pyrene 126 13 
Dibemo(m.h)anthracene 126 13 

NA 
NA 
NA 
1.3 
1.3 

744890 74490 7449 17500 3833 3700 RBCr 0.2349315 0 
3724 372 37 910 6.1 39 RBCr 2.44320TI 0 

744090 74490 7449 910 6.1 7800 RBCr 
0 4.91E-06 0.088 RBCr NA NA NA 6.2 NA 

NA NA NA 1.4 NA 0.088 RBCr 0 1.109E46 

NOTES: 
NA Indicates an RGO was not app lhbk for this chomicll under risk and/or hazard baud conditions. 
ND Indicates the chemkrl was not dotoctod in roformo (background) r u b  dl  sarnpk.. 

- No Risk-based RGOI m r a  cakulatod for the combined roll pathway (krg.rth and dermal) baause tha mblned risk w s  wmputd to k 4E-4.  

- Non-urclnogenk h u r r d  b a d  RGOI m r o  computed based on tho futuro child SI. residant aconario A h  mMmd Ing.dkn and derwml oxpcaum (whm applk.M.). 
- Carcinogenic risk-b8sd RGOs m r o  computed based on tho future SIa reddent Who weighted ammgo %conark with canbhd h g d o n  and Inhalation wposure 

- As discussed in S d i  1&7 of this BRA, the ROO for hhM chromhnn is approximatdy 200 times that d hexavdant dwunhm. 

RBCr Indicates the risk ( lE6)  or hazard (HQIO.1) baud .crooning wlw aa presented In USEPA, Region 111, ' R M - b H d  Scrmlng -don Tabhs, Wrch 18.1994. 

(where applicable). 
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present as hexavalent chromium. Chromium was identified as a COC in soil and combined 

shallow and intermediate groundwater. This essential trace element contributed approximately 

90 percent of the total hazard index estimated for soils and contributed less than three percent 
to the combined shallow and intermediate groundwater hazard index. However, as discussed 

in Section 10.6 of this BRA, the chromium hazard quotients overestimate chromium 

approximately hazard 200 times. The chromium concentrations reported at OU 10 were 

assumed to represent hexavalent chromium, the most conservative of hexavalent and trivalent 

chromium, and no hexavalent chromium was detected in any medium at OU 10. The RGOs for 

benzo(a)pyrene and dibenz(a, h)anthracene apply to the identified hot spot. Remediation of soil 

in this limited area to the RGOs would result in reduction of potential human health risk to 

below the corresponding god. 

10.8.2 Shallow/Intermediate Groundwater RGOs 

Table 10-55 provides RGOs for the combined shallow/intermediate groundwater pathways 

(ingestion and inhalation exposures). Arsenic and cadmium, which account for greater than 30 
percent of the hazard, may be associated with salt water intrusion. Manganese could also be 

associated with the natural geology. These possibilities warrant further assessment prior to 

establishment of remediation levels for these inorganic chemicals. The arsenic exposure point 

concentration (and the maximum detected concentration) were below the corresponding 

FPDWS/MCL of 0.05 mg/L. These factors may influence any remediation .levels deemed 
necessary. 

10.8.3 Deep Groundwater RGOs 

The RGOs for the deep groundwater pathway are provided in Table 10-56. Each COC listed 
is potentially related to saltwater intrusion and/or suspended sediment in the samples. These 
possibly non Si te-related sources warrant further assessment prior to establishment of 
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Table 10-55 

Remedial Goal Options lor Shallwllntermediate Groundwater 

NAS Pensacola. OU10 and Stte 13 Combined 

Pensacola. Florida 

Carcinogenic Risk-Based RGOs 

Risk Coal 

Chemical 1 E 4  1 E M  iE-06 

1 2.Dichlorobenzene 

1 3-Dichlorobenzene 

1 4-Dichlorobenzene 

Aluminum 

Arsenic 

Benzene 

Bis(2-ethylhexyl)phthalate 

Cadmium 

Chlorobenzene 

Chromium VI 

Chromium 111 

Hexachloroethane 

Mawanese 

Mercury 

Tdrachloroethene 
Vtnyl Chlonde 

NOTES: 

NA NA 
NA NA 

O M )  0 0 0  

NA NA 
0 0 0  0 0 0  

O M )  000 
' ow 000 

NA NA 
NA NA 
NA NA 
NA NA 

000 000 
NA NA 
NA NA 

0 0 0  000 

0 0 0  ow 

Hazard-based RGOs 

Hazard Goal 
10 I 0 1  

000 0000 OOOO 

000  OOOO OOOO 

0 0 0  OOOO OOOO 

000  OOOO OOOO 

000 OOOO OOOO 

000 OOOO O W 0  
000 OOOO OOOO 

000 OOOO OoooO 

000 OOOO OOOO 

000 OOOO OOOO 

157 00 15 700 1 570 

000 OOOO OOOO 

OW OOOO O M 0  

000 OOOO OoooO 

ow OOOO OOOO 
NA N4 NA 

1.17 

0.274 

0.442 

8.66 

0.0077 

0.0016 

0.008 
0.01 1 

0.321 

0.0191 

0.0191 

0.0011 

0.193 

0.000824 

0.0073 
0.00321 

NA 
NA 
NA 

3.82 

NA 
NA 
NA 

00098 

NA 
0.0325 

0.0325 
N4 

0 022 

NA 
NA 
NA 

0 6  

0 01 
0 075 

0 2  

005 

0001 
0008 
O W 5  

0 1  

0 1  

0 01 

0 0 5 .  
O W  
0003 

o w 1  

FPDWS 

FSDWSOL 

FPDWS 
FSDWSOL 

FPDWS 

FPDWS 
FWWS 
F W W S  

FPDWS 

FPDWS 

FWSC 
F S W S  
FPOWS 
FPDWS 
FfJC4VS 
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Table 10-56 
Remedial Goal Objectives for Deep Groundwater 
NAS-Pensacola OUlO and Site 13 
Pensacola, Florida 

Carcinogenic Non-Carcinogenic 
Risk-Based RGOs Hazard Based RGOs (mglL) Exposure Point Reference 

Risk Goal Hazard Index Goal Concentration Concentration ARAR 
Chemical 1 E 4  1 E-5 1 E-6 10 1 0.1 (mglL) (mglL) (mglL) Source 

Aluminum NA NA NA NA NA NA 11.8 ND 0.05-0.2 FSDWSlSMCL 
Arsenic 0.004 0.0004 0.00004 0.05 0.005 O.OOO5 0.0048 ND 0.05 FPDWSlMCL 

NOTES: 
NA Indicates an RGO was not applicable for thin chemical under risk and/or hazard based conditions. 
NO Indicates the chemical was not detected in reference (background) wells. 

- Noncarcinogenic hazard based RGOs wore computed based on the future child Site resident scenario with combined ingestion and inhalation exposure (where applicable). 
- Carcinogenic risk-based RGOs were computed based on the future Site resident lietimo weighted average scenario with combined ingestiar and inhalation exposure 

(where applicable). 
FPDWS Means Florida Primary Drinking Water Standard, MCL mean federal Maximum Contaminant Levd. 
FSDWS Means Florida Secondary Drinking Water Standard, SMCL mean federal Secondary MCL. 

Indicates the inhalation pathway was not considered for deep groundwater COCs in establishing remedial goal Optiom. 
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remediation levels for these inorganic chemicals. The deep groundwater arsenic exposure point 

concentration (and maximum concentration) was below the corresponding ARAR of 0.05 mg/L 

(FPDWS/MCL). This factor may influence any remediation levels deemed necessary. 

10.8.4 Site 13 Sediment RGOs 

As shown in Table 10-57, arsenic was the sole COC identified in sediment. This element is 

commonly associated with marine environments, and the reported concentration may be 

representative of natural conditions. No reference location samples were collected to provide 

a basis for the twice reference criterion in sediment. 

10.9 Ecological Risk Assessment 

10.9.1 Introduction 

The purpose of the ecological risk assessment was to assess the actual or potential effects to 

ecological receptors due to contamination at OU 10. The terrestrial ecosystem at OU 10 has 
been the specific focus, with an additional assessment of potential effects in two isolated ponds 

at Site 13 as a result of sediment contamination. Groundwater has also been qualitatively 

assessed to evaluate the potential for ecological effects with respect to possible discharge of site- 
related groundwater contaminants into surface water bodies. This assessment considered 

contaminant concentrations and distributions, media-specific physicochemical conditions and 

exposure pathways which could result in unacceptable exposure levels now or in the future. 

The ecological risk assessment associated with OU 10 has been separated geographically into two 

parts: (1) the Industrial Wastewater Treatment Plant Proper (IWTP); and (2) the Area North of 

the IWTP. 

Wetlands near OU 10 will be addressed as part of the Site 41, NAS Pensacola wetlands 

investigation. Bayou Grande and Pensacola Bay, which potentially could be transport receptor 

areas, will be addressed during the Site 40 and Site 42 investigations, respectively. @ 
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10.9.2 Problem Formulation 

Site Description 

The IWTP Proper includes all associated facilities within the W T P ' s  fenced boundary except 

for the southern drainage ditch described in Section 4. Ecological impacts to the drainage ditch 

will be addressed under the Florida Underground Storage Tank program and also included in 
the Site 41 NAS Pensacola Wetlands Remedial Investigation. The main facility is generally 

topographically higher than the swampy area to the south and it is dominated by fill and 

development associated with the IWTP. Most of the fenced area is paved or concrete areas, 

buildings, tanks or treatment basins. Vegetation is limited to grasses within the fenced area. 
Thick woods abut the perimeter fence along the western and northern extensions of the IWTP 
and encroach into the fenced yard in the northeast. Marsh vegetation has colonized the closed 

stabilization and polishing ponds overrunning the western pond. 

@ The area north of the IWTP consists of a terrestrial community and includes most of Site 13 

(Magazine Point). Section 4 describes the area. Two small wetland ponds occur in this area. 
Sediment concentrations in these ponds will be considered in the assessment. 

Ecosystem at Risk 
A habitat biota survey, presented in Section 4.4, describes the primary terrestrial habitats present 

at the site along with associated wetlands. Further assessment tentatively identified six other 

potential wetlands on the peninsula. These areas were not confirmed as wetlands but are shown 

on Figure 4-6. 

The IWTP Proper, which includes the swale area, is made up entirely of paved parking lots and 

building structures separated by intermittent grassy areas. The grassy swale is somewhat 

depressional compared to the general topography of the IWTP. No viable terrestrial or aquatic 

habitats were found within the IWTP Proper. It appears that human disturbance and activity 

discourages use of the area by fauna. Contact to soil by potential receptors would be limited 
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to use of the area as a migratory corridor for small mammals or possibly as a foraging area for 

passerine birds. 

The area north of the rwTp fence line, which has the potential to support a diversity of flora 
and fauna, is a slash/sand pine dominated habitat with understory consisting of saw palmetto, 

yaupon holly, minty rosemary and inkberry. Field observations of rabbits, squirrels, skunks, 
snakes, turtles, and frogs were verified. Various passerine bird species inhabit the woodland 

and shore habitats. Several bird nests were observed in the forested interior of the peninsula. 

No nesting shore birds were observed; however, the possibility exists for these to occur. Herons 

and sea gulls were prevalent in the area. 

The most northern portion of Magazine Point has been formed from spoil material deposited 

from naval dredging activities. This sand-dune dominated ecosystem has minimal scrubshrub 

habitat. The lack of viable understory habitat may limit terrestrial vertebrate's use of the area. 0 
On the eastern shoreline of the point, about 1,OOO feet south of the northern tip (Figure 4-6), 

a population of Godfrey's Golden Aster Chrysopsis godfeyii were identified. This species is 
considered of "special concern." Although it is presently not listed as threatened or endangered 

nor is it currently being considered for listing as threatened by the Florida Department of 

Agriculture and Consumer Services (FNAI, 1992). No other species of concern. were identified 
on Magazine Point Peninsula. 

Conceptual Model 

Figure 10-5 presents a conceptual model of the contaminant pathways from source to ecological 
receptors for OU 10. For this risk assessment, exposure routes related to soil pathways have 
been evaluated. Subsequent remedial investigations will be directed at wetlands and associated 
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* bayou areas to evaluate the potential for effects through aqueous pathways. Also direct impacts 

to plants are not included in this assessment but transfer mechanisms are considered in food 

chain transfer analyses. 

Ecological Chemicals of Potential Concern 
Soil contaminants were identified from the soil sampling data generated by USEPA during its 

March 1994 sampling (see Section 7). Within the IWTP Proper nine surface (0-1’ bgs) soil 
samples were collected and analyzed for TCLP analytes (see Table 7-8). In the area north of 

the IWTP, four surface soil locations were sampled along with two sediment sludge samples 

from the two small depressional areas (ponds) on the northern portion of Magazine Point (see 
Table 7-13). In addition, data from four sediment samples have also been used for risk 
determination in the two ponds from Magazine Point (see Figures 7-12 and 7-13). The data 
were from Stations 13M61, 13M62, 13M65, and 13M66 and collected during the contaminant 

assessment phase of this RI. @ 
IMTP Proper 

Highest organic and inorganic concentrations in IWTP soil, were from the swale area which lies 

between the capped former industrial sludge drying beds and the former domestic sludge drying 

beds (DSDB). Constituents concentrations which consistently exceeded the twice-background 

value, or were significantly higher at one location or more, have been considered (ECPC) for 

this risk assessment (Table 10-58). 

Inorganic soil constituents within the IWTP which will be considered for this risk assessment 

include barium, cadmium, chromium, copper, lead, nickel, silver, zinc and mercury. The only 
organic constituents to be considered are the PCB-Aroclor 1260 and the pesticide gamma- 
chlordane. 
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Table 10-58 
Summary of Soil (0-1' bgs) ECPC Concentrations Collected by 

. Barium 9 4.63 8 2.3 - 53 ppm 

Cadmium 9 1 .oo 7 1.4 - 23.0 ppm 

Chromium 9 6.13 9 3.8 - 910 ppm 

Copper 9 5.74 8 1.1 - 59.0 ppm 

Lead 9 7.32 7 14 - 57.0 ppm 

Nickel 9 6.38 5 12 - 70.0 ppm 

Silver 9 2.07 6 '  1.4 - 13.0 ppm 

Zinc 9 16.87 9 1.1 - 120.0 ppm 

Mercury 9 0.1 5 0.12 - 0.56 pprn 

Aroclor 1260 9 NA 3 160 - 560 ppb 

Gamma-chlordane 9 NA 2 7.8 - 10.0 ppb 

Note: 
NA = Not applicable 
ECPC = Ecological Chemicals of Potential Concern 
RC = Reference Concentration (2 x background concentration) 

Significant barium concentrations were identified near the ISDB and within the swale area 

(Table 7-8). Maximum concentrations were one order of magnitude above the Reference 

Concentration (RC). Significant cadmium concentrations, found in the swale area were one 
order of magnitude above the RC. Chromium concentrations at most swale locations were two 

orders of magnitude above the RC. A value comparable to those in the swale area was also 

identified to the east of the ISDB at Station 32S24. Highest copper concentrations were 

primarily within the swale area and one order of magnitude above the RC. Nickel concentration 0 
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were spatially similar to copper and were one order of magnitude above the RC. Lead 

concentrations were higher than the RC at stations near the ISDB and the swale area, but were 

not quite one order of magnitude above the RC. Highest silver concentrations were in the swale 

area, but these concentrations were not substantially above the RC. As with the other metals, 
zinc concentrations were highest in the swale area, but concentrations were not a full order of 
magnitude above the RC. Mercury concentrations were highest in the swale area and were only 

slightly above the RC. 

Area North of IWTP 

Few contaminants were detected from soils across Site 13 during this investigation (see Tables 

7-10, 7-1 1, and 7-12). Except for titanium, soil samples collected by USEPA had relatively low 

metal concentrations when compared to reference concentrations (see Table 7-13) and very 

limited organic constituents (see Tables 7-14 and 7-15). Soil depth intervals for the two studies 

were not the same. 

E/A&H analytical results for sediments from Pond 2 (the northernmost pond) showed elevated 

concentrations above SSVs for the metals arsenic, cadmium, chromium, lead and zinc, in 
addition to pesticides and PCBs (Table 10-59) (see Figures 7-12 and 7-13). EPA sampling 

results showed much lower concentrations for inorganic constituents in both ponds (see Table 

7-13). 

Stressor Characteristics 

Metals 
In general, heavy metals adversely affect survival, growth, reproduction, development, and 
metabolism of both terrestrial and aquatic invertebrate species, but effects are substantially 

modified by physical, chemical and biological variables. Most heavy metals do not biomagnify. 

In contact tests with terrestrial earthworms the order of toxicity for heavy metals, from most 

toxic to least toxic, was copper > zinc > nickel =cadmium > lead. 0 
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Arsenic 

Cadmium 

Sediment ECPC 

3.2 16.7 2.9 I ND ND 8 ND 

1 1.4 ND 5.9 ND ND 0.65 

11 Total PCBS I 33 I 14 1 28 I ND I 31 I 

Chromium 

Lead 

ND 1 ND 

~ ~~ ~ 

33 58.1 35.0 1 59.0 21 .o 3.6 28 

21 28.5 11.2 108.0 12.6 ND 17 

Mercury 0.1 I ND I ND I 0.3 1 I ND I ND I 0.1 2 

11 Zinc I 68 I 51.3 1 30.5 I 178.0 I 23.9 I 4.4 I 29 

Note: 
a 
ssv = USEPA Region IV Sediment Screening Value 
ND = Non-detect 

- - SSV represents total DDT compounds (DDT, DDD, and DDEI 
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Arsenic occurs naturally and, with respect to cycling in the environment, is constantly changing. 

Many inorganic arsenicals are known teratogens and are more toxic than organic arsenicals 

(Eisler, 1988). Soil biota appear to be capable of tolerating and metabolizing relatively high 

concentrations (microbiota to 1,600 ppm) of arsenic (Wang et al., 1984). But, adverse effects 
to aquatic organisms have been reported at 19 to 48 ppb in water. Arsenic does not appear to 

magnify along the aquatic food chain. 

Cadmium is a relatively rare heavy metal. It is a known teratogen and carcinogen and probably 

a mutagen, and has been implicated as the cause of severe deleterious effects on fish and wildlife 

(Eisler, 1985). Birds and mammals are comparatively resistant to the biocidal properties of 
cadmium. Freshwater organisms appear to be most susceptible to cadmium toxicity and this 

is modified significantly by water hardness. Adsorption and desorption processes are likely to 

be major factors in controlling cadmium concentrations in natural waters. Adsorption and 

desorption rates of cadmium are rapid on mud solids and particles of clay, silica, humic 

material, and other naturally occurring solids. 

Hexavalent chromium produces more adverse effects to biota than does its trivalent phase. In 

clayey sediments, trivalent chromium dominates and benthic invertebrate bioaccumulation is 

limited (Neff et al., 1978). The solubility and potential bioavailability of waste chromium added 

to soils through sewage sludge, are modified by soil pH and organic complexing substances 

(James and Bartlett, 1983). 

Copper is an essential micronutrient, and therefore, it is readily accumulated by aquatic 

organisms. It is a broad spectrum biocide, which may be associated with both acute and chronic 

toxicity. 

In soils, lead concentrates in organic-rich surface horizons (NRCC 1973). Estimated residence 

time of lead in soils is about 20 years (Nriagu 1978). In sediments, lead is primarily found in 0 
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association with iron and manganese hydroxides and may also form associations with clays and 

organic matter. Under oxidizing conditions, lead tends to remain tightly bound to sediments, 

but can be released into the water column under reducing conditions (Jaagumagi 1990). Lead 

may accumulate to relatively high levels by. aquatic biota. 

In natural waters, zinc speciates into the toxic aquo ion, other dissolved chemical species, and 

various inorganic and organic complexes and is readily transported. Most zinc introduced into 
aquatic environments is eventually partitioned into the sediments. Reduced conditions enhance 

zinc’s bioavailability. 

Mercury is a known mutagen, teratogen and carcinogen. It adversely affects reproduction, 

growth and development, motor coordination and metabolism. Mercury has a high potential for 

bioaccumulation and biomagnification, and is slow to depurate. Organomercury compounds 

produce more adverse effects than inorganic mercury compounds, which can be modified to 

organic mercury compounds through biological transformation. 

No information was available on the toxicological effects associated with barium or silver 

contamination in soils and sediments. 

Organics 
Polycyclic aromatic hydrocarbons (PAH) vary by molecular weight. With increasing molecular 
weight, aqueous solubility decreases and the log Kow increases, suggesting increased solubility 

in fats, a decrease in resistance to oxidation and reduction, and a decrease in vapor pressure 

(Eider 1987). Accordingly, PAHs of different molecular weight vary substantially in their 

behavior and distribution in the environment and in their biological effects. In water, PAHs 
either evaporate, disperse into the water column, become incorporated into sediments or undergo 

degradative processes such a photooxidation, chemical oxidation, and biological transformation 
by bacteria and animals (Neff 1979). 
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* Most environmental concern has focused on PAHs that range in molecular weight from 128.16 

(naphthalene) to 300.36 (coronene). Generally, lower molecular weight PAH compounds, 

containing 2 or 3 aromatic rings, exhibit significant acute toxicity but are not carcinogenic. 

High molecular weight PAH compounds, 4 to 7-rings, are significantly less toxic, but are 
demonstrably carcinogenic, mutagenic, or teratogenic to aquatic species. PAHs show little 

tendency to biomagnify in food chains because most are rapidly metabolized (Eisler 1987). Very 

little information is available on food chain adverse effects as a result of soil PAH 

contamination. 

Organochlorine pesticides have been used extensively in the U.S. since the 1940s. They appear 

to be ubiquitous in the environment being found in surface waters, sediments and biological 

tissues. They are readily absorbed by warm-blooded species and degradatory products are 
frequently more toxic than the parent form. Food chain biomagnification is usually low, except 

in some marine mammals. In soil invertebrates, organochlorine pesticides can accumulate to 
concentrations higher that those in the surrounding soil, and residues may in turn be ingested 

by birds and other animals feeding on earthworms (Beyer and Gish, 1980). Most environmental 
effects studies have been directed at mammals and birds. 

@ 

PCBs are distributed worldwide with measurable concentrations recorded in fishery and wildlife 

resources from numerous locations (Eisler 1986). They are known to bioaccumulate and to 
biomagnify within the food chain and to elicit biological effects such as death, birth defects, 
tumors, and a wasting syndrome. In terrestrial environments, PCBs are rapidly metabolized 
from the soil into the terrestrial food chain (McKee 1992). Subsoil dwelling organisms may 
directly absorb PCBs and food chain transfer to lower-level vertebrate species can potentially 
occur. 
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Path ways and Exposure Scenarios 

Surface soils across both the IWTP Proper and areas to the north consist of fine- to medium- 

grained quartz sand with minor amounts of silt. This soil type is typically low in organic 

material with high permeability and low pH. These factors most likely limit development of a 

microbial community, thereby reducing the likelihood of microbial decomposition of SOW 

organic contaminants. The fate of these contaminants then will be expected to remain in the soil 
to undergo degradation and/or migrate downward. 

In addition, contaminants sorped to surface soils could be transported via air or surface water 
runoff; however, both are unlikely as major routes. Contaminants are not expected to spread 

far via surface runoff due to the highly permeable nature of the sandy substrate. Contaminants 

physical adsorption to soil particles and organic material also limits horizontal migration. 

Migration via air pathways could be significant only as it relates to dispersal of upper soil layer 

particles during high winds typical of coastal areas. Because sand particles are relatively large 

and heavy, extended migration through this route is not expected. 

The primary soil exposure pathway for biological components at OU 10 will be through direct 

contact with surface soils. To faunal organisms, this would be via direct dermal contact and to 

a lesser extent through ingesting soil particles. Small mammals could contact contaminated soil 

if the area is used as a migratory corridor or if animals burrow into the soil. The contact time, 

and thus exposure, will be limited when animals are crossing the area but could be lengthy if 
burrows are established. Dermal contact by small reptiles and amphibians would be similar to 

that for mammals. Although insect populations within the area appear to be limited, direct 
exposure to ground-dwelling species could provide a link for contaminant transfer to higher-level 
predators. 
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As sandy soils are naturally limiting to establishment of soil infaunal communities, it is suspected 
that the potential for uptake of contaminants by lower level terrestrial invertebrates (i.e., 

earthworms, nematodes and microarthropods) is low. 

A total potential dietary exposure (PDE) has been estimated for a representative wildlife species, 

the American robin, which occurs at OU 10. The PDE is calculated based on the predicted 

concentrations of the ECPCs in food items that the species would consume, the amount of soil 
it would ingest, the relative amount of different food Items in its diet, body weight, and food 

ingestion rate (Table 10-60). The concentrations of ECPCs in food items are estimated based 
upon literature reported bioaccumulation factors (BAFs), which are a ratio of the ECPC 
concentration in dietary items to the concentration in soil. The BAFs reported for avian and 

mammalian species are reported ratios of ECPCs in the tissue of the animals to the 

concentrations of ECPCs in their diets. The site foraging factor (SFF) allows for consideration 

of the frequency of feeding in the site area by estimating the acreage of the site relative to the 
receptors feeding range and by considering the fraction of the year the receptor would be 

exposed to site contaminants. 

In ponds, invertebrates and larval/juvenile vertebrates may absorb chemicals via respiratory 

uptake or through detrital and planktonic trophic uptake. Contaminant pathways to upper level 

species, suchas waterfowl which are prevalent in the area, depend on food web interactions 

(feeding on nektonic or benthic species) and/or direct exposure to waterborne contaminants by 
ingestion (drinking or passive sediment intake). 

Understory plants could likely incorporate certain detected parameters (metals) through processes 
such as uptake/accumulation, translocation, adhesion, or biotransformation. Herbivores 
conceivably could ingest plant-borne constituents. 
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Table 10-60 
Wildlife Contaminant Exposure Model for Surface Soil 

ou 10 

Food Contaminant 
Concentration (mg/kg) = BAF' X Soil Contaminant Concentration 

m g w  

(% of diet in soil) X Soil Contaminant Concentration - Soil Exposure (SE) - 
(mg/kg) (mg/kg) 

[PI x TI + Pz x Tz + ... P, x T, + SEI x &*, x SFF 

- PDE - 
(mg contaminantlkg 
BW/day BW 

where: 

Pn = percent of diet composed in food item N, 

Tn . = tissue concentration in food item N (mglkg), 

I&, = food ingestion rate of receptor 

SFF = 

BW = receptor body weight (kg) 

1 = BAF from Table 10-62 

site foraging factor (assumed 1.0 for all receptors at Site 1) 
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Ecological Effects Assessment 

Infaunal Invertebrates 

Potential adverse ecological effects to soil invertebrates from identified ECPCs are predicted 
based on available literature. Because soil ARARs are unavailable for effects levels, 

toxicological studies are used for comparative qualitative assessments only. 

. _  

Terrestrial Wildlife 

Potential adverse effects associated with the identified ECPCs to small bird species is based on 

food uptake potential. Available reference toxicity values (RTVs) were determined for the 

species selected. The RTV relates the dose of a respective ECPC in an oral exposure With an 
adverse effect. The lethal RTV has been determined to be one-fifth of the lowest reported LD50 
value for the most closely related test species. One fifth of an oral LD50 value is considered 

to be protective of lethal effects for 99.9 percent of individuals in a test population (USEPA, 
1986). It is assumed that this level of risk to individuals within the terrestrial wildlife 

populations at OU 10 is acceptable. 

' 
A sublethal RTV is also identified that represents a threshold for sublethal effects. Sublethal 

effects are defined as those that impair or prevent reproduction, growth, or survival. The 

sublethal RTV reflects the assessment endpoint chosen as the basis for establishing risk. 

10.9.3 Risk Characterization 

IWTP- Proper 

Infaunal Invertebrates 

Studies of metal toxicity to terrestrial receptors have been directed at infaunal ecosystems or 
avian biology. Information on relative metal toxicities to earthworms was provided by Roberts 
and Dorough (1984) who tested three metal salts (cadmium chloride, copper sulfate and lead 

nitrate), along with 90 other chemicals. The results showed that these heavy metal salts fell into 

the "very toxic" category; with LC5, values in  the 10 to 100 ug/cm2 range (Table 10-61). (I) 
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Other studies on toxicities of metal salts to earthworms have been conducted by Neuhauser, 

et al., (1985) and Malecki, et al., (1982). In the former study, metal nitrate compounds were 

relatively toxic to earthworms in the order; copper > zinc > nickel > cadmium > lead. Mean LCM 
values were 643, 662, 757, 1843 and 6000 ppm, respectively. In the latter study, six chemical 

forms of each metal were chosen to cover a broad range of solubility and to represent the forms 

likely to be found in the soil. Overall cadmium was most toxic followed by nickel, copper, 

zinc, and lead. It appears obvious from the results of these two studies that the form of the 
metal in soil in a major consideration in judging effects of metal concentrations on soil biota. 0 

Although these concentrations (more specifically, application doses) may be relative to 
earthworms, it is improper to apply them to upper-level trophic species. Studies indicate that 

some degradation products become increasingly more toxic to earthworms and less toxic to 
upper-level vertebrates (birds). 

Parmelee, et al., (1993) found that total nematode/microarthropod (mostly mites) numbers 
declined in soils having copper concentrations above 200 ppm; omnivore-predator nematodes and 
specific microarthropod groups were significantly reduced at 100 ppm copper. Strait (1984) 

found that populations of the mite Plarynothrus peZfiJer decreased in soils containing 200 ppm 

copper, but six other species did not. Van Straalen, et al., (1989) found that soil-borne 

cadmium caused significant mortality to mites only in the highest exposure groups (512 ppm). 

At the next highest concentration, 128 ppm, very little mortality effects were observed. 

Metal concentrations observed in surface soils at OU 10 are well below those cited in the 
literature as posing ecological risk (Table 10-58). Even considering metal forms that could be 
available, it does not appear that metal concentrations found present any risks to lower-level 

terrestrial receptors. 
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Organisms 

Nernatodelmicroarthropods 

earthworm Eisenia foetida 

Study 

Parmelee e t  al.. (1993) 

Measured Parameter Effects Level 

Copper 200 ppm 

Copper salts 643 ppm 

Zinc salts 662 ppm 

Nickel salts 757 ppm 

1843 pprn Cadmium salts 

Roberts & Dorough (1 9841 Cadmium chloride 

Copper sulfate 

Lead nitrate 

Malecki et el., (1982)' 

Strait (1984) 

van Straalen et at., (1989) 

- 

10- 100 pglcm' LC 50 

10- 100 pglcm' LC 50 

IO- 100 uolcrn' LC 50 

McKee (1992) 

Cadmium 

Nickel 

Copper 

~~~ 

250 ppm 

440 ppm 

1320 ppm 

Growth difference to control 

Growth difference to control 

Growth difference to  control 

Measured RcsDonse 

Mite Harmorhrus ~ d r i f e r  

Mites 

Terrestrial edoeic' Invertebrates 

Significant decline in numbers 

~~~ 

Zinc 2800 ppm Growth difference to control 

Lead 21.600 ppm Growth difference to control 

Population decrease Copper 200 P P  

Cadmium > 128 ppm Mortality 

No community structura effect8 PCBS 12o.W DDm 

LC 50 

LC 50 

LC 50 

I LC 50 * 

I Lead salts I 6000 mm I LC50 

Eisenia foeride 

Eisenia foetida 
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Microtox (1 5 min.) 

Organisms Measured Parameter Effects Level Study 

Zinc 61 ppm 

Copper 0.28-0.42 ppm 

Zinc 1.6 DDm 

(1 Miller et al., (1985) I Earthworm Copper I 644 ppm 

I I Zinc 628 ppm /I I Radish (seed germination) Copper 47 ppm I I 
I I I Zinc 53 PPm 

Cucumber (seed germination) I Copper I 55 DDm 

Paine et al., (1993) Crickets Achera domesticus PCB 1200 ppm 
I 

11 Rhett et el., (1988) I Eisenia foetida I PCB I 240 ppm 

Measured Response 

EC 50 

EC SO 

EC 50 

EC SO 

EC SO 

EC SO 

Photo reduction 

Photo reduction 

LC so 

LC SO 

Note.: 
1 
2 = Carabidae, entobeyidae, formicidae, gryllidae and staphylinidee 

- - Growth effects levels are average of at least five of six compounds; metal acetate; metal carbonate; metd  chloride; metal nitrate; metal oxide, metal sulfate 
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Most toxicological information reviewed for this risk assessment dealt with earthworms and 

other infaunal species. It is important to note that soils at OU 10 are predominantly sand and 

would not typically support these specific type organisms. Although species found in the sandy 

environment may not be the same as those dealt with in the literature, the ecological niche which 

they occupy should be similar and therefore comparison to toxicological levels should be 
applicable. 

' 

Risk factors associated with PCBs in soils are similar to those for pesticides. After acute 
mortality, food chain biomagnification and transfer are the most important issues to be 
considered when assessing long-term risk. Concentrations at OU 10 (maximum concentration 

= 560 ppb) are well below the 100 to 300 ppm range indicated by Paine, et al., (1993) as a 

benchmark value for mortality in terrestrial insects. Also, Rhett, et al., (1988) observed LC, 
values for earthworms treated with PCBs at 240 ppm. McKee (1992) reported that community 

structure was not reduced by exposure to PCB-contaminated soil (maximum concentrations to 

120,000 ppm wet weight) based on family level classification of invertebrates. 

0 

Typically, adverse effects to upper level invertebrate and vertebrate species will occur at 

concentrations well above those levels indicated by the previously discussed soil infaunal studies. 

Terrestrial Wildrife 

Risks for the representative wildlife species associated with ingestion of surface soil and food 

are quantitatively evaluated using Hazard Quotients (HQ), which are calculated for each ECPC 

by dividing the estimated dietary exposure concentration (PDE) by the toxicological benchmark 

(RTV). Hazard Indices (HI) are determined for American robin by summing the HQs for all 

ECPCs. When the estimated PDE is less than the RTV (HQ < l), the contaminant exposure 

is assumed to fall below the range considered to be associated with adverse effects for growth, 

reproduction, and survival and no risks to the wildlife populations are assumed. When the HQ 
or HI is greater than one, a discussion of the ecological significance is included and risk is 0 
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assumed. When HIS are greater than 1, an evaluation of the HQs comprising the HI was 
completed. 

For the American robin PDEs were calculated using available bioaccumulation data (Table 10- 

62) for each ECPC presented in Table 10-58. Exposure parameters and assumptions for the 

representative species ('Table 10-63) were used to calculate the food contaminant concentration. 

Using the model for prediction of contaminant exposure presented in Table 10-60, PDE values 
were obtained. HQs for both lethal and sublethal effects for ECPCs were determined and are 

presented in Tables 10-64 and 10-65, and HI values for each representative species were 

determined. 

With the exception of cadmium, all HQs determined for American robin were less than 1 for 

both lethal and sublethal effects. The HQ for cadmium of 1.2 for sublethal effects to American 

robin was the major influence for a HI of 2.1. e 
Area North of IWTP (Sire 13) 

Based on the few contaminants found and the low soil concentrations observed for those 

contaminants detected during Phase I11 of the RI study (See Tables 7-13, 7-15, and 7-16), no 
risk is anticipated to terrestrial receptors from soil contamination in the area north of the WIT. 

Characterization of the risk imposed to potential receptor species at the ponds located at Site 13 

will involve comparison of observed sediment concentrations to (1) EPA Region IV Sediment 

Screening Values (SSV); (2) "natural" metal concentrations as presented in Florida Department 

of Environmental Regulation's (1988) sediment interpretation document; and (3) potential for 

predicted uptake pathways which are applicable to the site. In addition, an environmental effects 

quotient (EEQ), as provided in EPA Region III-Interim Ecological Risk Assessment Guidelines 
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Tabk 10-62 
Available ECPC' Bioeccumulation Factorr for Food Itomr at OU 10 

Aroclor-1260 0.013 la] 1.2 Ib] 

gamma-Chlordane 0.027 Ia.kl 0.80 111 

haganla  I! I 1 

11 Barium 0.56 la1 I 0.77 lhl 

33.0 [dl 1.4 IC ]  11 Cadmium 

I 
I 

Copper 0.78 le] 0.16 lbl II 
I 0.0 [dl  0.22 111 

0.56 li] 0.34 I d  

1 
~~ 

Zinc 0.61 le] 1.77 l b l  

Notes: 
la1 t Calculated using the following equation in Travis and Arms 11988) for analyter with log Kowr >5: log (Plant 

Uptake Factor) = 1.588-0.578 log Kow. 
BCF for earthworms from Diercxsens, et el. (1985). 
Mean of values reported for soil invertebrates in MacFadyen (1 980) converted from dry weight to wet weight. 
Levine et al. (1989). 
Median of values reported from Levine e t  el. (1989). 
Geometric mean of BAF values (fresh wt. wormlday wt. soil) for worms end woodlice (USEPA 1985). Fresh 
weight tissue concentrations calculated assuming 90% body water content. 
Value from USEPA (1 985) sludge document. 
Assumed value based on average of BAFs reported for other metals. 
Assumed value based on average of reported BAFs for As, Cu, Hg and Zn. 
Geometric mean of values from USEPA (1986). 
Value from Gish (1970). 
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Table 10-63 
Exnosure Parameters and AsrumDtfons for Re~resentative Wild1 

I I 
11 SITE AREA: 25 acres II 

Notes: 
ED - - 
SFF = Site Foraging Frequency (assumed to be 1 .O) 

Exposure Duration (percentage of year receptor is expected to be found at study area) 
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gamma-Chlordane 

Aroclor 1260 

Zinc 

.o 10 1.1 E-03 NA NC c 

.560 8.8E-02 9.OE-01 9.7E-02 

Notes: 
Max Conc - - Maximum Concentration of Analyte ( rngkg)  
PDE = 
RTV - 
HQ - - 
NA E Not Available 
NC - 

Potential Dietary Exposure (mgkg/BW) calculated basad on equation in Table 10-60, 
Reference Toxicity VJue (mgkg BW/day) - Lowest reponed LOAEL from Appendix V for closest 
related species. 
Hazard Quotient = The PDE divided by the RTV. 

Not Calculated - 
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Cadmium 

Comer 

23.0 1.2E+01 NA NC 

59.0 2.4E00 NA NC 

Lead 

Mercury 

Zinc 

gamma Chlordane 

Aroclor 1260 

Notes: 
Max Conc - - Maximurn Concentration of Analyte ( rngkg)  
PDE - - 
RTV - - 
HQ - - 
NA = Not Available 
NC E Not Calculated 

Potential Dietary Exposure (mgkg1BW) calculated based on equation in Table 10-60. 
Reference Toxicity Vdue ( rngkg BWlday) = 1 /5th of lowest reported LD50 from Appendix V for 
closest related species. 
Hazard Quotient = The PDE divided by the RTV. 

~ - 

57.0 2.3E00 4.9E+03 4.7E-04 

0.56 3.4E-02 2.5E00 1.3E-02 

1 20.0 2.8E + 01 NA NC 

.010 1.1E-03 NA NC 

.560 8.8E-02 NA NC 

(1994c), has been calculated for each ECPC. The established SSV for specific parameters has 
been used as the denominator in the EEQ calculation (Equation 1). Because of the limited 

number of samples all EEQ calculations used maximum reported concentrations. 

Equation (1) EEQ = Maximum Value 
ssv 

Use of SSVs and FDER (1988) regressions was deemed applicable based on the fact that 

sediments found within the ponds were spoil resulting from dredging activities within the bay. 
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Metals 
Arsenic was found on three occasions in six samples taken. All were found by E/A&H during 

the FU investigation. Arsenic was not detected in the pond areas during the Phase 111 sampling 

event. The maximum concentration was 16.7 ppm, but the other two concentrations were both 

below 3 ppm (Table 10-66). Because of the low concentrations and limited distribution it was 

determined that no comparison to "natural" levels in Florida was necessary. The EEQ for the 

maximum concentration observed was only 2.1, indicating a very low risk (Table 10-66). 

Cadmium was detected at only three locations but two of those were above the screening value 

of 1 ppm (Table 10-59). All three concentrations, when presented as cadmium-to-aluminum 

ratios and compared to FDEP regressions, were above "natural" levels for Florida sediments 

(Figure 10-6). The high concentration observed at Station 13M65 (Pond 2) was responsible for 
the EEQ value of 5.9. This value is not particularly high and only a potential risk to receptors 

6 is inferred. 

Chromium concentrations appear to be "natural" when compared to FDEP regressions 

(Figure 10-7). Some concentrations were above the SSV of 33 ppm, but this may be non- 

significant when "natural" concentrations are considered (Table 10-59). Also the EEQ of 4.8 

may be irrelevant when "natural" Florida sediment concentrations may produce values above a 

"No Risk" level (i.e., EEQ > 1.0 are considered to be at potential risk). 

Lead concentrations in pond sediments were, as are most sediments in Pensacola Bay, above 
"natural" levels (Figure 10-8). Only one concentration, Station 13M65, was significantly above 

the SSV of 21. The EEQ was 5.1, which suggests a potential risk. Lead availability to 

biological organisms may be limited due to lead's affinity to bind with fine-grained sediment 

particles, but each time the sediments are disturbed the bioavailability is increased. 
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Table 10-66 
Site 13 Sediment COPC Concentrations and Calculated 

Environmental Effects Quotient (EEQ) 

Arsenic 16.7 ppm 2.1 

Cadmium 5.9 ppm 5.9 

Chromium I 159.0 ppm I 4.8 

(1 Lead 108.0 ppm 5.1 
I I 

I 178.0 ppm I 2.6 

Mercury 0.31 ppm 3.1 

Total PAH 181 9.0 ppb 0.6 

Total Pesticides 10.5 ppb 3.2 

Total PCBs 31 .O ppb 0.9 

a 
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Only one zinc concentration was above the SSV of 68 even though most were above "natural" 
concentrations for Florida sediments (Figure 10-9). Exceedances were not high and an EEQ of 

2.6 suggests that risk to organisms from zinc toxicity is minimal. 

Mercury was detected only in Pond 2 and both concentrations were not much higher than the 

SSV of 0.1 (Table 10-59). The EEQ for mercury was 3.1, which puts it in the "potential risk" 
category. But, most fine-grained sediments in the Pensacola Bay will fall into this category or 
higher (FDEP 1994, unpublished data). According to Eisler (1987), sediments with mercury 
levels below 1.0 would be considered as noncontaminated. All concentrations in Site 13 ponds 

were below this concentration. 

Organics 

Concentrations for total PAH compounds never exceeded the SSV of 2900 ppb at any station 

(Table 10-59). No risks are present to aquatic organisms from the PAH concentrations 

observed. Concentrations for all pesticide compounds were totaled at each of the stations 

sampled. Only Stations 13M66 had concentrations above a level (most chlorinated pesticides 

have individual SSVs near 3.3 ppb) which might indicate risk to receptors. Overall, this lone 
concentration should not pose a significant threat to receptor species in the area of the ponds. 

Total PCB concentrations at all six stations were all less than the Region IV SSV of 33 ppb. 

No risk is expected from these contaminants. 

0 

Chamcterization of Ecological Effects 

Exposure risks to terrestrial infaunal invertebrate species within the IWTP Proper are low when 

observed concentrations are compared relatively to the potential for effects cited in studies on 

lower-level infaunal species. Biotransfer of contaminants up the food chain will not be a 

concern as contaminants are not at concentrations indicative of accumulation or transfer. Low 
soil concentrations and limited distribution of contaminants will limit the incidental ingestion risk 
to acceptable levels for bird species which feed in  the swale area. 0 
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Recent (February 1995) field observations of the two ponds in the area north of the lwTp 

(Site 13) showed no benthic organisms present in Pond 1, and Pond 2 was'not a pond at all, but 

a dry depressional area containing dune vegetation. Most of the maximum sludge concentrations 
observed by EPA were from Pond 2 (see Table 10-59). Considering its present state, risks 

should be very low to receptors. Therefore, it appears that the primary exposure route to biota 

from contamination found at Site 13 will only be via water ingestion or passive sediment uptake 

by waterfowl at Pond 1, and a potential for this pathway in Pond 2 during high rainfall events. 

The overall lack of a benthic community along with an absence of nekton species limits bio- 

transfer of contaminants to upper level species. Although birds have been observed "feeding" 

within the ponds, it does not appear that they have much to actually feed upon. Possibly their 

actions are just normal "feeding behavior mechanisms" and do not necessarily indicate that they 

are actually ingesting any organisms. 

Based on the concentrations observed and an overall lack of potential for effects, as discussed 

previously, is estimated that exposure risks to upper-level vertebrate species, from ingesting 
sediments, will be very low. 

10.9.4 Uncertainty 
a Inherent uncertainties can be assumed in field-based surveys. 
a Field sampling design may lend itself to uncertainties based on the subjective decisions 

that are necessary and unavoidable. 
Analytical uncertainties exist based on field and laboratory methods employed, but 

quantification of these is impossible. 

Synergistic or antagonistic relations between contaminants cannot be accounted for, 

especially when methods employing contaminant-specific benchmark comparisons are 

used. 

A lack of criteria or screening values for many chemicals compounds the uncertainty for 
screening level assessments such as at OU 10. 

a 

a 

0 
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a The uncertainties prevalent by use of USEPA Region 111’s risk quotient approach include: 

lack of consideration for natural metal concentrations and sediment grain size and TOC 

effects as they relate to bioavailability. 

Toxicological effects studies may be different at individual versus community levels. 

Extrapolation of literature generated effects levels to onsite species and communities may 

not be appropriate. 

10.9.5 Groundwater Assessment 

An initial qualitative assessment of only the shallow groundwater was conducted to evaluate the 

potential for ecological effects with respect to possible discharge of site-impacted groundwater 

into surface water bodies near the site. As such, concentrations were compared to both USEPA 
and Florida Water Quality Standards for saltwater and freshwater chronic criteria. Groundwater 

data from both E/A&H and EPA studies were used in  this assessment. All of the parameters 

identified below will be investigated further during the Pensacola Bay, Bayou Grande and NAS 

Pensacola Wetlands investigations. 

The only organic parameter of consequence detected in shallow groundwater samples was 

dieldrin. Although the concentrations observed were relatively low (Table 10-67), they did 

exceed criteria for surface water. Detrimental effects to surface water receptors, based on the 

concentrations observed, is considered unlikely due to dilution and natural attenuation effects. 

Only in a perched groundwater scenario could actual concentrations observed be available to 
biological organisms. Some chlorinated benzene compounds were found in shallow wells (See 
Table 7-22) but, based on the lack of water criteria for these compounds and the low 

concentrations observed, risk to surface water receptors from these constituents is considered 

low. Inorganic parameters which exceeded criteria include cadmium, chromium, lead, mercury, 

and zinc. Except for mercury, the concentrations observed (Table 10-67) were only slightly 

above most criteria. The limited number of detections overall does not indicate serious 

groundwater contamination by any of these constituents. Most criterion exceedances were in @ 
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unfiltered samples collected during the E/A&H study portion of the RI. Mercury was not 

detected in any of the filtered samples collected by during Phase 111. 

Conclusion 
It is concluded that no risks to receptors from surface waters are present. Overall groundwater 

flow direction across the site is toward the bay (see Figure 6-6). Dilution and natural attenuation 

of contaminants in groundwater discharging into surface water bodies should decrease the 

detected concentrations of the identified parameters to nondetectable levels. Concentrations 

observed in shallow groundwater are not high enough to indicate that measurable effects, or even 

detection of these will be possible within surface bay waters. No risk is expected from this 

source. Potential impacts from groundwater will be addressed during the RIs for Sites 41 

(wetlands) and Site 40/42 (Bayou Grande/Pensacola Bay). 
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Notes: 
a = Florida FW chronic 
b - - USEPA FW chronic 
C - - FloridalVSEPA SW chronic 
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11.0 SUMMARY: CONTAMINATION AND RISK SUMMARY 
The objectives of the [RI] as outlined for OU 10 and Site 13 were to identify the nature and 

extent of contaminants in soil and groundwater. The following section summarizes these 
findings and recommends subsequent remedial actions. 

11.1 Contamination Summary 

Site 32 Soil 

Contamination by organic compounds in Site 32 soil consists primarily of dichlorobenzene 

isomers (predominantly 1,4 dichlorobenzene), PAHs and cyanide, and localized [concentrations] 

of pesticides and PCBs. Inorganic contamination consists of concentrations of heavy metals 

including cadmium, chromium, and lead. Organic contaminants are concentrated [primarily] 

in the relict drainage swale area eastlnortheast of the former ISDBs. [Organic soil 

contamination is also present in a horizon above the water table at the soutbeast edge of 

the former ISDBs, in the domestic sludge drying beds,] and near surface soil at the northwest 

slope from the ISDBs. Concentrations [of metals] are elevated in the swale [(especially in tbe 

northeast portion).] The spatial distribution of these contaminants suggests the source[s are] 

related to [past] operation of the [sludge drying units, with the most significant 

environmental contamination related to] the former ISDBs and historical [surface] overflow 

drainage from the ISDBs into the adjoining swale area and [potential] wetlands. The 

widespread detectionr of pesticides suggests residual effects from normal pest control 

applications. 

0 

Further assessment will be required to fully delineate the areal extent of contamination into the 

[potential] wetlands to the west and north of the ISDBs and the swale area [and these data gaps 

will be filled during the Site 41 NAS Pensacola wetlands investigation.] 
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Site 32 Removal Acrion 
The removal action at the abandoned WWTP properly removed and disposed of 148 tons of 

hazardous material, (as &@ed under RCRA; detennined through TCZP analysis) Contained 
within the imhof tank. In addition 619 tons of nonhazardous (as &fined under RCRA) soil, 

gravel, and construction debris was removed and land'lled. Approximately 3 to 4 feet of soil 
was removed from the abandoned WWTP sludge drying beds. Confinnation samples from 
beneath the sludge beds contained no detectable VOA, SVOA, or PCB concerurations. No 

pesticide or metal detected beneath the sludge drying beds exceeded PRGs. The excavation was 
filled with clean fill material to approximately the same grade that existed prior to the removal 
action and the site was restored to a natural state. No cfirrther action is anticipated a~ the site. 

Sites 33 and 35 Soil 

[Two general types ofJ organic contamination [were detected] in Site 33 and 35 soil. The most 
pervasive nature of contamination consists of the organic group PAHs and pesticides/PCBs. 

As explained in Section 8 - Data Validation, the pesticide and PCB detections may also 

be misidentified PAHs or the laboratory attributing background noise to pesticide peaks. 

Inorganic contaminants include chromium and lead. In general, concentrations are much 

lower in magnitude than those detected at Site 32, and concentrations in outlying borings 

may approximate ambient conditions. The irregular and poorly delineated distribution of 
contaminants suggests that historically documented source areas (surge pond and 

stabilization pond) and several potential localized sources (Le., miscellaneous spills, leaks, 
and/or line breaks) may have contributed to soil contamination. Spatial distribution of the 

contaminants indicates impacted soil at the southeastern corner of the fonner surge pond 

where a recent break in the waste line may be a source. In addition, the spatial distribution 

indicates impacted soil caused by an undefined source near the chlorine contact chamber. 

e 
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Again, the widespread presence of pesticides is probably indicative of surface application 

for pest control. 

Soil contamination of a second type appears restricted to the oily horizon at the water table 

around the area of the former waste oil UST. Organic contamination includes high 

concentrations of dichlorobenzene and PAHs, and the presence of xylenes and PCBs. 
Heavy metals were also detected. The source of contamination is thought to be leakage 

from the former waste oil tank. 

In conclusion, the boring coverage and analytical results indicate multiple sources of 

localized soil contamination. These areas have been adequately delineated and provide a 
basis for the Es.] 

Site 13 Soil 
[Preliminary Screening] Site 13, can be divided into the area along the eastern edge of 

Magazine Point Peninsula (rubble piles), and the area of dredge spoils on the north end of the 

peninsula. Organic contamination is present in the rubble pile areas to the east of the IWTP and 

northeast of Chevalier Field, consisting of low defections of VOCs (primarily xylene), PAHs, 
phenols, and pesticides. Metals concentrations in the rubble piles area were generally low to 
non-detect. The dredge spoils (not including sediments in the bay dredge [depressions]) contain 

[trace concentrations] of pesticides, and isolated Occurrences of PAHs and PCBs. Metals, 

including cadmium, chromium, and lead are present at [trace concentrations] and likely 

represent ambient concentrations. The nature and distribution of organic compounds in the area 
of the rubble piles indicate the source to be residual construction materials in the piles (probably 

asphaltic waste). As before, the low concentrations and widespread distribution of pesticides 

indicat[es the pesticide and PCB detections may be misidentified PAHs or the laboratory 
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' attributing background noise to pesticide peaks.] Given the [concentrations] of contaminants 

detected [in soil], and the general absence of these contaminants in the shallow groundwater, 

[no] further assessment work [appears necessary] for this portion of Site 13. At the dredge 

spoils area, low [concentrations] of contaminants [probably] represent concentrations QssociDted 

with the coarser fraction of Bayou Grande sediments and are not the result of suvkce activiry. 
[No] additional assessment work is required for this portion of the site, given the well- 

[delineated] areal extent of the spoils, the comparatively low [concentrations] of contaminants 

detected [in the spoils], and the general absence of these contarninants in shallow groundwater 

immediately downgradient of the spoils. 

Sediment 

Sediments were collected from the drainage ditch form[ing] the southern boundary of the study 

area south of the bilge water [treatment] facility. Contaminants in the ditch sediments include 

fluoranthene, pesticides, and PCBs, cadmium, chromium, [nickel, copper, zinc] and lead. The 

overall distribution of contaminants indicates sources from direct surface drainage into the ditch 

from the north end of Chevalier Field, drainage into the ditch from the southern part of the 

IWTP, and [probable] pesticide application [across the site]. The distribution of metals 

increase[s] toward the bay, [probably representing] hydrodynamic accumulation of 
finer-grained sediments containing adsorbed metals. Direct connection of the ditch water with 

the Bay results only during storm periods. 

[Sediment samples were not collected from within the connecting north-south ditch draining 

the southern end of the IWTP yard. Soil boring 33S15 was located adjacent to, but not 

directly in, this north-south feeder ditch. The soil sample had some of the lowest detected 

concentrations at the IWTP.] 
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Sediments were also collected from the dredge [spoil depressions] located in the Site 13 dredge 

spoils at the north end of Magazine Point Peninsula. These sediments contained [trace 

concentrations] of PAHs and metals including arsenic, cadmium, chromium, and lead. These 

contaminants [appear to be] associated with [the dredged] fine-grained bottom sediments, and 

we not the result of surface activity. 

Surface Water 

Surface water samples were collected from the southern drainage ditch at the Same locations as 
the sediment sampling stations. Contamination detected in these samples consisted of pesticides, 

[toluene, xylene, cadmium, iron and lead]. The nature and distribution of these contaminants 

suggest the sources are most likely related to the bilge water [treatment] plant spill, and normal 

pesticide application around the area of the bilge water [treatment] plant. [Surface water 

exceeded its surface water quality criteria for cadmium, lead, and iron at 33W01 and 

33W02. Surface water quality criteria were not exceeded at 33W03 and 33W04. The bilge 

water treatment plant spill is separate from the RI and has been investigated under the 

auspices of the FDEP UST program.] 

' 
Groundwater 

Analysis of the groundwater flow directions indicate[s] shallow and intermediate monitored 

depths should be considered part of the same flow system. However, the nature and magnitude 

of contamination is significantly different. The following summary statements refer only to 

samples analyzed according to full CLP protocol. 

Shallow Groundwater 
Organic contamination is present in shallow groundwater and consists of low [concentrations] 

of volatiles (chlorobenzene and toluene), semivolatiles (dichlorobenzene isomers), and pesticides. 
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["he detected concentrations of pesticides may be the result of high total suspended solids 

in the groundwater samples and consequent adsorbed species.] Inorganic contamination 

consists of heavy metals (cadmium, chromium, and lead) and major metals (iron and manganese) 

for which both primary and secondary drinking water standards have been established (FAC 17- 

550). Primary state standards established for chlorobenzene or 1,2- and 1,44ichlorobenzene 
were not exceeded. However, the primary standards for cadmium and lead were exceeded in 

one CERCLA-sampled well each, and the secondary standards for iron and manganese were 

consistently exceeded. Notably, concentrations [of metals] were well below all applicable 
standards in filtered aliquots. [The analytical results for the filtered data are similar to the 

results obtained by USEPA using a low-flow sampling technique that does not filter the 

sample.] Overall, the distribution of chlorinated aromatics in the shallow groundwater suggests 
the source of contamination is associated with the [closed] ISDBs, the drainage swale area, and 

the former [waste oil UST]. However, anomalous concentrations of chlorinated aromatics near 
the eastern perimeter of the site suggest the existence of an additional source, or, given the fairly 

high permeabilities at the shallow depth, may reflect a migratory effect of episodic contaminant 

loading. While this possibility has yet to be explored at this site, it could potentially explain the 

historical problems in determining consistent trends in groundwater data, and is a possibility 

given the nature of the facility operation. The distribution of metals in the shallow groundwater 

strongly suggests the [closed] ISDBs, the swale area, the [closed] surge pond [and the former 

0 

acid spill area as] likely sources. 

The extremely low concentrations of pesticides in the groundwater are potentially attributable 

to diffuse leaching through surface soil [containing] residual application concentrations or may 

represent sediment carrydown in drilling. [Turbidity in the groundwater samples may also 

cause the pesticide concentrations in groundwater to be elevated. Groundwater samples 

collected by USEPA using a low-flow sampling technique had no detected concentrations 
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of pesticides. In addition, the laboratory may be attributing background %oise" to 

pesticide peaks or misidentifying semivolatile compounds.] 

Intennediute Groundwater 

Intermediate groundwater [shows] significant [contaminant] hcrease[s] over [those identified] 

in shallow groundwater. Contaminants include [elevated concentrations] of chlorinated 

aliphatics, chlorinated aromatics, major metals, and comparatively lower [concentrations] of 

non-chlorinated VOCs, phenols, pesticides, and heavy metals. Of the chlorinated aliphatics 

detected, state primary standards for PCE were met or exceeded in [four] CERCLA-sampled 

wells. For TCE, [standards] were met or exceeded in [three] CERCLA-sampled wells, and 

for vinyl chloride, [standards were] exceeded in one well. Of the chlorinated aromatics, the 

primary standards for chlorobenzene were exceeded in [three] CERCLA-sampled wells 

[(33612,33616, and 3362O);l for 1 ,Zdichlorobenzene in [three] wells [(33612,33616 and 

33G20)], and for 1 ,Qdichlorobenzene in [four] CERCLA-sampled wells [(33G12, 33616, 
33G20 and RW-3). For the metals, the primary standards for cadmium, chromium, and 

beryllium were each exceeded in one CERCLA-sampled well (GM-6Q.I Of the major 

metals, the secondary standards for iron and manganese were consistently exceeded, and the 

primary standard for sodium was exceeded in several wells. Again, concentrations [of metals] 

were below applicable standards for filtered aliquots [and may be representative of elevated 

suspended solids]. The overall distribution of contamination [suggests] the ISDBs, the swale 

area, [the former waste oil UST, the] surge pond [and the former acid spill are] sources. 

[Extremely low concentrations of pesticides indicate either widespread leaching, downward 

migration through the shallow zone, or carrydown in drilling. 

0 

The in-place recovery system at the site appears to have little influence on the shallow depth 

groundwater, but has had a pronounced effect on the intermediate depth. Evaluation of 
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the data indicates flow in the intermediate depth in the southern part of the site is 
influenced by RW-7, and in the northern part by RW-3. Groundwater in the central part 

of the site, however, flows easterly toward the bay, and may allow offsite contaminant 

migration.] 

Deep Groundwater 

Metals concentrations were similar to those of intermediate depth. The primary standard for 

sodium was exceeded, reflecting saltwater influence. 

Summary 

Overall, significant contamination is present in OU 10 soil and groundwater. In the case of soil, 

[residual soil contamination exists at elevated concentrations around the perimeter of the 

ISDBs, at the area of the former waste oil UST, and at lesser concentrations around the 

surge tank and former surge pond.] The drainage swale [and former waste oil tank area 
represents the most significant areas of elevated contamination.] 

* 

0 

Intermediate depth [groundwater] is the most highly contaminated; however, [since shallow and 

intermediate groundwater are part of the same flow system, remedial evaluation of both 

depths may need to be integrated.] Groundwater contamination appears to be [primarily] 

associated with the former ISDBs and swale area, the former surge pond[, and the former acid 

spill]. This contamination appears to be limited primarily to the [central and] northern portion 

of the IWTP, and should be capably addressed with a [more] efficient groundwater recovery 

system. 

Further assessment work, [although] limited, may be required at Sites 32, 33, and 35 to 

facilitate remedial design. However, it appears no additional assessment will be required at 
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Site 13. [Aquifer parameter data are sufficient for site characterization and alternative 

screening through a feasibility study. However, for] the purpose of groundwater remedial 

design, a concerted effort to obtain reliable long-term and high-volume withdrawal data should 

be implemented as won as possible, either before or [as part of remedial desigdremedial 

action (RD/RA) .] 

The data presented in this report [are] sufficient to proceed with the m] for OU 10. Any 
additional assessment work required can be conducted during a pre-design phase of [RD/RA], 

or as an integral part of FWRA. 

11.2 Risk Summary 

11.2.1 Human Health 

[The human health risk associated with exposure to environmental media at NAS-Pensacola 

OU 10 and Site 13 was assessed for current Site workers, potential current child 

trespassers, and future Site residents. The exposure media considered in these assessments 

included surface soil (0 to 1 foot depth interval), shallow/intermediate groundwater, deep 

groundwater, surface water, and sediment (at two separate locations). As discussed in 

Section 10.5 of the BRA, it was determined that the risk and/or hazard associated with 

exposure to all environmental media (and combinations thereof) was within USEPA’s 

generally acceptable ranges for both current Site workers and potential current child 

trespassers. Based on these findings, no COCs were identified for any medium with respect 
to current receptor populations. 

0 

For the hypothetical future Site resident, three exposure media were shown to present 

unacceptable risk and/or hazard via at least one exposure pathway. These media included 

surface soils, shallow/intermediate groundwater and deep groundwater. Neither surface 
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' water nor sediment (at either location) was shown to pose a significant carcinogenic risk or 

systemic toxic hazard. 

The combined soil pathway hazard index for future child redent was computed to be 2.73 and 

the future adult resident combined pathway hazard index was 0.34. In each instance, the 

chromium (as chromium Vl) contributed 90percent to the pathway lrazani index. Hexavalent 

chromium is unlikely to exist due to oxidizing conditions on site. This oxidizing condition will 
convert hexavalent species into the less toxic trivalent chromium. During August 1995, two 

groundwater and four soil samples collected at OU 10 and analyzed did not contain any 
hexavalent chromium. The incidental combined soil pathway carcinogenic risk was computed 

to be 8E-6. Benw (a)pyrene and dibenz(a, h)anthmcene were the primary contributors to the 
soil pathway risk. The cumulative soil pathway risk was within the USEPA acceptable mnge 

of IE-4 to 1E-6 and slightly exceeded the FDEP no action level of 1E-6. e 
The combined shallow/intermediate groundwater pathways hazard index (ingestion and 

inhalation exposures) was found to be 15 for the future child resident and 7 for the adult. 

The combined potential carcinogenic risk was computed to be 7E-4. Manganese, arsenic, 
cadmium, chlorobenzene, I,%dichlorobenzene, aluminum, chromium (as V., 1,3- 

dichlorobenzene, mercury, and 1,4dichlorobenzene were the identified COCs for  both the 

child and ad& receptors, and are listed in descending onier of contribution. Arsenic, 
manganese, and cadmium combined account for approximately 60 percent of the hazud 
indices. The primary carcinogenic COCs were arsenic, vinyl chloride, 1,4-dichlombenzene, 
bis(2-ethylhexyl)phthala&e, chlorobenzene, 1,3-dichlorobenzene, 1,2-dichlorobenzene, and 

tetrachloroethene. Bis(2-ethylhexy1)phthalate is believed to be a false positive representing 

laboratory contamination. 
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Deep groundwater was evaluated relative to the ingestion pathway only because no 
significant volatile contamination was reported. The hazard index for future child residents 
was 1 and for future adult residents 0.5. Arsenic and aluminum were also identified as 

non-carcinogenic COCs. The potential carcinogenic risk for the pathway was 1.3E4, and 

arsenic was identified as the sole carcinogenic COC in deep groundwater. The possible 

natural sources of each identified deep groundwater COC were described in Section 10.6. 

11.2.2 Ecological Risk 

Area North of IWTP 

Terrestrial risk in the area north of the TWTP which includes Site 13 and the abandoned 

wastewater treatment plant, is limited to inorganics in the'surface soil. Volatiles, 

semivolatiles, pesticides and PCBs were detected sporadically in soil across the site. 
Inorganics which were detected widespread across the site, has limited bioavailability. Also 
natural metal concentrations vary with the soil matrix in question. For those inorganic 

constituents that were detectable, only chromium was out of the range typically considered 
"normaln or at levels indicative of risk. Toxicological information on chromium indicates 

that primarily hexavalent chromium (Cr+6) is of concern. Typically, most chromium in 

soil occurs in the trivalent state (Cr+3) as noted earlier no hexavalent chromium was 

detected on site. Risk associated with concentrations observed is most likely minimal based 

on these issues. 

The soil sample collected from within the abandoned WWTP had overall concentrations 

that were high enough to be considered significant. Inorganics, pesticides and SVOCs were 

all elevated. The recent removal action has eliminated the possibility of contact to these 
contaminants by terrestrial receptors. 
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IWTP Proper 

The IWTP Proper includes all of the associated facilities within the boundary of the IWTP 
except for the southern dminage ditch. Ecological impacts to the dminage ditch will be 
addressed in the Site 41 NAS Pensacolu Wetlands Remedial Inveshgation. Viable terrestrial 

habitat within the IWTP Proper is absent and human disturbance and activity is prevalent. 

Contact with soil by receptors would be limited to use of the area only as a migratory 

corridor. 

Overall highest contaminant concentrations were seen in the swale area. Samples collected 

both east and west of the drainage way showed higher concentrations of organics (PCBs) 
and inorganics than in other areas. Most likely, relatively higher soil organic material 

(greater or increased retention capacity) and/or clay-silt matrices in this area were partially 

responsible for these higher concentrations. 

As discussed previously, chromium levels observed are not indicative of effects. As for 
cyanide, it seldom remains biologically available in soil (Eiler, 1991). Very few studies are 

available concerning impact to terrestrial biota from cyanide. Most of these involved 

microbial or invertebrate communities found in moist Soils. In that type atmosphere 

cyanide appears to be more available. But, based on the soil type present within the swale 

area, fate for most cyanide compounds would be downward. 

An individual high concentration of PAHs was observed at soil boring location 33S20 (0 to 

2 feet depth). Concentrations at this location, specifically, are high enough to warrant 

special consideration. Although the majority of the compounds detected are carcinogenic 

to mammals very little information is available on toxicological action levels in soil. 

Microbial action should be sufficient to reduce PAH levels. Bioavailability to terrestrial 
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receptors has not been studied in detail. Also, the levels observed are lower than the 

present preliminary remediation goals (PRGs) established at NAS Pensacola. 

Again, soil pesticide concentrations across the IWTP Proper area do not indicate a need for 

further study. Continuous base-wide pesticide application is most likely responsible for the 

observed levels. 

Groundwater 

An initial qualitative assessment of groundwater has also been conducted to evaluate the 

potential for ecological effeds with respect to possible discharge of siteimpacted 

groundwater contaminants into surface water bodies. Dilution and natural attenuation of 

contaminants in groundwater discharging into surface water bodies should decrease the 

detected concentrations of the identified parameters. All of the parametem identified below 

will be investigated further during the Pensacola Bay, Bayou Grande, and NAS Pensacola 

Wetlands investigations. 

Shallow Groundwater 

The only organic parameter detected in shallow groundwater which may possibly impact 

ecological rqeptors in surface water was dieldrin. Although the concentration observed 

were relatively low, they did exceed surface water screening criteria. Detrimental effects to 
surface water receptors, based on the concentrutions observed, is considered unlikely due to 

dilution and nahrml attenuation effects. 

Inorganic parameters that could potentially effect ecological receptors include: cadmium, 
chromium, lead, mercury, and zinc. Except for mercury, the concentdon observed were 

only slightly above surfme water screening criteria. Most of the metals m r  naturally at 
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concentrations exceeding both MCLs and Florida and USEPA water quality standards. In 

addition, the detected concentrations of these inorganic parameters in groundwater may be 

resulting from entrained sediment or from salt water intrusion. 

Intermediate Groundwater 

Contaminants identified in groundwater at depth that could potentially impact ecological 

receptors by its concentrations include: dichlorobenzene, 4,4’-DDT, tetrachloroethene, 

endosulfan, and dieldrin. Inorganic parameters which could potentially impact surface 

water ecological receptors include aluminum, arsenic, beryllium, cadmium, chromium, 
copper, cyanide, iron, lead, mercury, nickel, selenium, silver, and zinc.] 
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’ 12.0 CONCLUSIONS 
This section has been extensively revised. For readability this section has not been bolded, 

bracketed, or italicized. 
Based on the RI and its BRA the following conclusions and recommendations are made: 
e The remedial investigation completed for OU 10 adequately assesses the nature and 

extent of contamination for the purposes of the RI/FS. Any data gaps sufficiently large 

to prevent complete remediation of the site will be filled during a post ROD phase (RD 

and/or RA). 

0 Small areas of soil contamination were identified with the potential to adversely affect 

human health or leach contaminants to the groundwater. The two contaminants in site 

surface soil contributing excess risk to future child residents are benzo(a)pyrene and 

dibenz(a,h)anthracene. Both were identified at elevated levels at a single sampling 

location 33320, west of the closed ISDBs. The areas contributing to groundwater 

contamination are within the swale area and also a small area north of the operations 
building. Contaminants present in soil and in groundwater exceeding MCLs were 
chlorobenzene, 1,2-dichlorobenzene, and 1,4-dichlorobenzene, Additional confirmation 

sampling may be necessary during remedial design or remedial action. This sampling 

should include the potential wetland north of the industrial sludge drying beds, the swale 

area, and the fill area. 

e Shallow and intermediate groundwater contamination exceeding MCLs is concentrated 

in the east-central portion of OU 10, beneath Site 32. Organic contaminants exceeding 

MCLs are PCE, TCE, vinyl chloride, chlorobenzene, 1,2-dichlorobenzene, and 1,4- 

dichlorobenzene. Inorganic contaminants exceeding MCLs are beryllium, cadmium, 

chromium, lead, and sodium. Little or no contamination was quantified in other areas 

or in the deep groundwater beneath the site. Additional wells may need to be installed 
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to fill data gaps identified and agreed upon by the Tier 1 Team. If necessary they should 

be installed during remedial design or remedial action. 

e Deep wells installed by G&M were not double-cased. Potential contaminants identified 

in the aquifer were chromium and lead. Chromium and lead were not detected in the 

filtered aliquots, and are thought to be the result of entrained sediment in the unfiltered 

sample. This is supported by the similarity of the filtered analytical results and the 

results obtained by the USEPA using a low flow sampling technique on other shallow and 

intermediate depth monitoring wells. It is recommended the deep wells be resampled to 

confirm the absence of contamination and then be abandoned in accordance with 

NWFWMD guidance, if no contaminants are present. 

e The currently operating RCRA groundwater remediation system, installed in the late 

1980 and operational until the year 2017, is targeting the groundwater contamination 

identified in this FU. However, the data suggests that contamination downgradient of 

the existing system, north of the IWTP, is not being effectively captured by the existing 

system. It is recommended that the Navy notify the RCRA regulatory authority of this 

deficiency and present recommendations for modifying the system to correct this 
deficiency. It is further recommended that the groundwater remediation remain under 

the RCRA program and be removed from further study under CERCLA. 

0 During the FU, an abandoned WWTP was identified in the potential wetlands north of 

OU 10. A removal action has been performed on the abandoned WWTP and the results 

are detailed in Section 2 of this report. No further action is recommended for the 
abandoned WWTP. 
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e Further investigation of wetlands in the vicinity of OU 10 and the southern drainage ditch 

will be conducted during the investigation of Site 41 - NAS Pensawla wetlands, as 

agreed to by the U.S. Navy, USEPA, and FDEP. 

e Additional assessment work at screening Site 13 is not required, given the low detected 

concentrations in soil and no risk related pathways. Moreover, contarninants are absent 

in groundwater. 

e Because the scope of the FS will be small and to accelerate any remedial actions a 

focused feasibility Study (FSS) format is recommended. 

Corrected Final Remedial lnrrcstigarion Rcporr 
NAS Penramla Operable Unit 10 and Site I 3  

Section I2 - Conclusions 
Wunber 199s 

12-3 



Correcrad Final Remedial Invr~tigation Rtpon 
NAS Pensamla Opemble Unit 10 and Site 13 

Section 13 - Refkrennccr 
SeDtmber 1995 

13.0 REFERENCES 
This section has been extensively revised. For readability this section has not been bolded, 

bracketed, or italicized. 
ABB Environmental Services. (1992). Contamination Assessment Report for Site 3810N, 

Building 3810 (title page unavailable). 

Beyer, W.N. and C.D. Gish. (1980). Persistence in Earthworms and Potenrial Hazards to 
Birds of Soil Applied DDT, Dieldrin and Heptachlor, Journal of Applied Ecology. 

17~295-307. 

Bradbury, K.R. and Rothschild, E.R. (1985). A Compurerized Technique for Estimating the 

Hydraulic Conductivity of Aquifers from Specific Capacity Data, Ground Water, 23(2), 

pp. 240-246. 

Bouwer, H. and R.C. Rice. (1976). A Slug Test Method for Determining Hydraulic 

Conductivity of Unconfined Aquifers with Completely or Pam*al€y Penetrating Wells, 

Water Resources Research, Vol. 12, No. 3, pp. 423-428. 

Callahan, C.A., C.A. Menzie, D.E. Burmaster, D.C. Wilborn, and T. Emst. (1991). Onsife 

Methods for Assessing Chemical Impact on the Soil Environment Using Earthworms: A 

Care Study at the Baird and McGuire Superjid Site, Holbrook, Massachusetts, 

Environmental Toxicology and Chemistry 10:8 17-826. 

Callahan, C.A., M.A. Shirazi, and E.F. Neuhauser. (1994). Comparative Toxicity of Chemical 

to Earthworn. Environmental Toxicology and Chemistry 13(2):29 1-298. 

13-1 



Correctui Final Remedial Inwstigation Repon 
NAS Pearamla Operable Unit 10 and Site 13 

Section 13 - Refmnnccr 
SCDImrbrr 1995 

Campbell, Greg. (1992). NAS Pensacola Public Works Center Environmental Services Unit. 

Personal Communication. 

Campbell, Greg. (1993). NAS Pensacola Public Works Center Environmental Services Unit. 

Personal Communication. 

Choudhury, Harlal. (1992). USEPA Environmental Criteria and Assessment Office, 
Cincinnati, Ohio. Personal Communication. 

Clewel, A.F. (1985). Guide to the Vascular Plants of the Florida Panhandle, University Press 
of Florida: Gainesville, Florida. 

Cooper, H.H., and C.E. Jacob. (1946). A Generalized Graphical Method for Evaluation 

Formation Constants and Summarizing Well Field History, American Geophysical Union 

TITUB., Vol. 27, pp. 526-534. 

Diercxsens, P., D. de Weck, N. Borsinger, R. Rosset, and J. Tamdellas. (1985). 

Dragun, J. and Chiasson, A. (1991). Elements in North American Soils, Hazardous Material 

Control Resources Institute: Greenbelt, Maryland. 

Dreisbach, R.H., and W.O. Robertson, eds.,  Handbook of Poisoning, 12th Ed., Appleton and 

Lange, East Norwalk, Connecticut, 1987. (Dreisbach, et al, 1987) 

Ecology & Environment, Inc. (199Oa). Quarterly Report on Groundwater Monitoring, 

Wastewater Treatment Facility, Naval Air Station, Pemacola, Florida, Ecology & 

Environment, Inc.: Pensacola, Florida. 

13-2 



Conecfed Final Remedial Inwtigation R q m ~  
NAS Pensacola Operable Unit 10 and Site 13 

Section 13 - Refmnnccs 
scptanbcr I995 

Ecology & Environment, Inc. (199Ob). Quarterly Report on Groundwater Moniroring, 

Wastewater Treatment Facility, Naval Air Station, Pensacola, Florida, Ecology & 

Environment, Inc. : Pensacola, Florida. 

@ology & Environment, Inc. (1990~). Contamination Assessrnent/Remedial Activities 

Investigation Work Plan - Group C, Naval Air Stafion Pensacola, Pensacola, Flori&, 

Ecology & Environment, Inc. : Pensacola, Florida. 

Ecology & Environment, Inc. (199Od). Quarterly Repon on Groundwater Monitoring, 
Wastewater Treatment Facility, Naval Air Stafion, Pensacola, Florida, Ecology & 

Environment, Inc.: Pensacola, Florida. 

Ecology & Environment, Inc. (199Oe). Groundwater Flow Rate and Direction Determination 
Repon for the Industrial Wastewater Treatment Plant, Naval Air Station, Pensacola, 

Florida, Ecology & Environment, Inc. : Pensacola, Florida. 

Ecology & Environment, Inc. (1991a). Quarterly Report on Groundwater Monitoring, 
Wastewater Treatment Facility, Naval Air Station, Pensacola, Florida, Ecology & 

Environment, Inc.: Pensacola, Florida. 

Ecology & Environment, Inc. (1991 b). Data Evaluation Summaries and Proposed Samples 

Location Changes, Phase I Site Groups A through E, Contamination Assessment/ 

Remedial Activities Investigations, Naval Air Station (NAS) Pensacola, Florida, Ecology 

& Environment, Inc.: Pensacola, Florida. 

13-3 



corrccicd Final Remedial Inwtigation Repon 
NAS Pensamla Operable Unit 10 and Site 13 

Seuion 13 - Rejiinncvs 
Septanber 1MS 

Ecology & Environment, Inc. (1991~). Qwrrterb Monitoring Report on Groundwater 

Monitoring, Wastewater Treatment Facility, Naval Air Station, Pensacola, Florida, 

Ecology & Environment, Inc. : Pensacola, Florida. 

?%ology & Environment, Inc. (1 99 1 d) . Groundwater Monitoring Well Completion Report, 

Industrial Wutewater Treatmenr Plant, Naval Air Station Pemacola, Florida, Ecology 

& Environment, Inc.: Pensacola, Florida. 

Ecology & Environment, Inc. (1991e). 1990 Groundwater Flow Rate ana' Direction 

Determination Report for the Industrial Wastewater Treatment Plant, Naval Air Station, 

Pensacola, Florida, Ecology & Environment, Inc. : Pensacola, Florida. 

Ecology & Environment, Inc. ( 199 1 f) . Contamination Assessment/Remedial Activities 

Investigation, Magazine Point Rubble Disposal Area (Site 13), Naval Air Station 

Pensacola, Pensacola, Florida, Interim Data Report, Ecology & Environment, Inc. : 

Pensacola, Florida. 

Ecology & Environment, Inc. (199b). Remedial Investigation/Feasibility Study Wonk 

Plan-Group 0, Naval Air Station, Pensacola, Florida, Ecology & Environment, Inc. : 

Pensacola, Florida. 

Ecology & Environment, Inc. (1992b). Semiannual Report on Groundwater Monitoring, 

Wastewater Treatment Facility, Naval Air Station, Pensacola, Florida, Ecology & 

Environment, Inc.: Pensacola, Florida. 

1 3 4  



0 
Corrected Final Randal Investigation &porr 
NAS Pearamla oprrabrc Unit IO and Site 13 

Section 13 - Rcfrrcncm 
scpranbcr 1995 

Ecology & Environment, Inc. (1992~). (Phase II) Contamination Assessment/Remdial 
Activities Investigation Work Plan - Group C, Naval Air Stan'on Pensacola, Pensacola, 

Florida, Ecology & Environment, Inc. : Pensacola, Florida. 

Ecology & Environment, Inc. (1992d). Semiannual Report on Groundwater Monitoring, 

Industrial Wastewater Treatment Plant, Naval Air Station, Pensacola, Florida, Ecology 

& Environment, Inc. : Pensacola, Florida. 

Ecology & Environment, Inc. (1 992e). Contamination Assessment/Remedial Activities 
Investigation, Naval Air Station, Pensacola, Pensacola, Floriiia, Data Summary and 
Preliminary Scoping Report for Ecological Risk Assessment Work Plans, Ecology & 

Environment, Inc. : Pensacola, Florida. 

Eisler, R. (1991). Cyanide Hazardr to Fish, Wddlife, and Invertebrates: A Synoptic Review, 

U.S. Fish and Wildlife Service, Biol. Rep. 85(1.23). 55p. 

Eisler, R. (1988). Arsenic Hazardr to Fish, Wildlife, and Invertebrates: A Synoptic Review, 

U.S. Fish and Wildlife Service, Biol. Rep. S(1.12). 92pp. 

Eisler, R. (1987). Polycyclic Aromatic Hydrocarbon Hazurak to Fish, wildlife, and 

Invertebrates: A Synoptic Review, U.S. Fish and Wildlife Service, Biol. Rep. 85(1.11). 

81p. 

Eisler, R. (1986). Polychlorinated Biphenyl Hazards to Fish, Wildlife, and Invertebrates: A 

Synoptic Review. U.S. Fish Wildl. Serv. Biol. Rep. U(1.7). 72 pp. 

13-5 



Corrected Final Remedial Invcrtigatwn Rcport 
NAS Pensacola Operable Unit IO and Sire 13 

Sectwn 13 - Refrences 
ScDrember 1995 

Eider, R. (1985). cadmium Hazardr to Fish, Wildhye, and Invertebrates: A Synoptic Review, 

U.S. Fish and Wildlife Service, Biol. Rep. S(1.2). 46p. 

Fam Chemical’s Handbook, Meister Publishing, Willoughby, OH, 1990. (Farm Chemical’s 

Handbook, 1990). 

Fetter, C. W. (1988). Applied Hydrogeology. Merrill Publishing Company: Columbus, Ohio. 

Florida Department of Environmental Regulation. (1987). Ojwations Pernit HO17-127026, 

September 1987. 

Florida Department of Environmental Regulation. (1988). Water Quality Standarh, 

Chs@cm’on of Groundwater, Usage, Rechs@cm’on, Chapter 17-3.403, Florida 

Administrative Code. 

Florida Department of Environmental Regulation. (1988). Coastal Zone Management Section. 

A Guide to the Intepretm*on of Metal Concentrations in Esnuzrine Sediments. 53p. 

Florida Department of Environmental Regulation. (1992a). Sugace Water QwZity Standarb, 

Chapter 17-302, Florida Administrative Code. 

Florida Department of Environmental Regulation. (1992b). Drinking Water Standzrdk, 

Monitoring, and Reporting, Chapter 17-550, Florida Administrative Code. 

Florida Natural Areas Inventory. ( 1992). Requested Endangered/Threatened Species 

Information; of Pensacoh Naval Air Station and Walton County, Florih. Tallahassee, 
Florida. 

13-6 



Comaed Final Remedial Inwtigation Report 
NAS Pemacola Operable Unit 10 and Site 13 

Seaion 13 - Refmnm 
Sepmnber 1995 

Geraghty & Miller, Inc. (1984). Venjkan’on Study, Assessment of Potential Ground-water 

Pollution at Naval Air Station, Pensacola, Flori&. Geraghty & Miller, Inc.: Tampa, 

Florida. 

Geraghty & Miller, Inc. (1985a). Waer Quality Assessment Program at the 

Wastewater-Treatment P l m ,  NAS Pensacola, Florida (Phase I). Geraghty & Miller, 

Inc.: Tampa, Florida. 

Geraghty & Miller, Inc. (1985b). Water Quality Assessment Program at the Wastewater 

Treatment Plant, NAS Pensacola, Florida (Phase II). Geraghty & Miller, Inc.: Tampa, 

Florida. 

Geraghty & Miller, Inc. (1986). Characterization Study, Assessment of Potential Ground-water 

Pollution a& Naval Air Station, Pensacola, Florida. Geraghty & Miller, Inc.: Tampa, 

Florida. 

Geraghty & Miller, Inc. (1987). Quarterly Report, Corrective Action Program, Wastewater 

Treatment Plant, NAS Pensacola, Florida. Geraghty & Miller, Inc.: Tampa, Florida. 

Geraghty & Miller, Inc. (1988a). Semi-annual Report, Corrective-Action and 

Compliance-Monitoring Program, Surge Pond Operation Permit, Wastewater Treatment 

Faciliry, Naval Air Station, Pensacola, Florida, Geraghty & Miller, Inc.: Tampa, 
Florida. 

Geraghty & Miller, Inc. (1988b). Repon of Findings of the Acid Investigation, Wastewater 

Treatment Plant, Naval Air Staion, Pensacola, Florida, Geraghty & Miller, Inc.: 

Tampa, Florida. 

13-7 



Corrected Final Remedial Inwstigation Rqmn 
NAS Pemamh Operable Unit 10 and Site 13 

Section 13 - R c f m n m  
scpranbrr 1995 

Geraghty & Miller, Inc. (1988~). Second Semi-Annual Repon, Corrective-Action and 

Compliance Monitoring Programs, Surge Pond Operation Pennit No. HOI 7-12 7026, 

Wastewater Trement Facility, Naval Air Station, Pensacola, Florida, Geraghty & 

Miller, Inc.: Tampa, Florida. 

Geraghty & Miller, Inc. (1989). Results ofAppendix EAnaZysis, Monitor Well GM-66, Surge 
Pond Closure Permit, Wastewater Treatment Facility, Naval Air Stmion, Pensacola, 

Florida, Geraghty & Miller, Inc.: Tampa, Florida. 

Geraghty and Miller Modeling Group. (1989). AQ7ESOL-V Aquifer Tests Solver Version 1.00 

Documentation. Geraghty & Miller, Inc. : Reston, Virginia. 

Gish , C . D . ( 1970). Organochlorine Insecticide Residues in Soils and Soil Invertebrates fiom 

Agricultural Lands, Pesticides Monit. J.,  Vol. 3, No. 71. 

Gradient Corporation, Risk Assessment and Development of Health-Based Soil Clean-up Goals 

for the Charleston Navy Shipyard, 1991. (Gradient, 1991). 

Groundwater Technology, Inc. (1993). Contamination Assessment Repon , Bilgewater 

Treatment Plant, Pensacola Naval Air Station, Pensacola, Florida, Groundwater 

Technology Inc. : Pensacola, Florida. 

Industrial Wastewater Treatment Plant personnel (1992). NAS Pensacola. Personal 

Communication. 

Industrial Wastewater Treatment Plant personnel (1993). NAS Pensacola. Personal 

Communication. 

13-8 



Corrected Final Remedial Inustigation Report 
NAS Pensamla Operabk Unit 10 d Site 13 

Section 13 - Rcfrrcnncvs 
seprcmbrr 1995 

James, B.R., and R.J. Bartlett. (1983). Behavior of cltromiwn in Soils: V. Fate of 
Organically Cornplexed Cr (IZI) Added to Soil. Journal of Environ. Qual. 12:'169-172. 

Johnson, A.W., Captain. (1992). Cover letter to an untitled contamination assessment reprt 

on waste oil tank 3297A removal and remediation. 

Joyner, R. (1992). NAS Pensacola Facilities Management Division, Personal Communication. 

Klaassen, C.D., Amdur, M.O., and J. Doull, eds.,  Casarett and Doull's Toxicology, The Busic 

Science of Poisons, 3rd Ed., MacMillan Publishing Company, New York, New York, 

1986. (Klaassen, et al., 1986) 

Kruseman, G.P. and N.A. De Ridder. (1979). Analysis and Evaluation of Pumping Test Data, 
Bulletin 11, Intern. Inst. for Land Reclamation and Improvements, Wageningen, 

Netherlands, 2OOp. 

Levine, M.B., A.T. Hall, G.W. Barrett, and D.H. Taylor. (1989). Heavy Metal 

Concentrations During Ten Years of Sludge Treatment to an Old-Field Community, J. 

Environ. Qual., Vol. 18, pgs. 41 1-4 18. 

Macfadyen, A. (1980). Advances in Ecological Research, Academic Press, Vol. 1 1, pgs. 2 18- 

327. 

Malecki, M.R., E.F. Neuhauser, and R.C. Loehr. (1982). The Eflect of Metals on the Growth 

and Reproduction of Eisenia Foetida (Oligochaeta, Lwnbricidae). Pedobiologia 24: 129- 

137. 

13-9 



Corrected Final Remedial Invcrtigation Repon 
NAS Penramla Oprrclblc Unit 10 and Site 13 

Seaion 13 - Refmncrs 
SeDtUnber 1995 

~ ~~ ~~ ~ ~ 

McKee, M.J. ( 1992). Ecotoxicological Evaluation of Area 9 LandJill at Crab Orchard National 

WldIiJe ReJicge: Biological impact and Residues. Hazardous Waste Research and 
Information Center, RR-062. 46pp. 

Menzie, C.A., D.E. Burmaster, J.S. Freshman, and C.A. Callahan. (1992). Assessment of 
Methods for Estimafing Ecological Risk in the Terrestrial Component: A Case Study at 
the Baird and McGuire Superjhnd Site in Holbrook, Massachusetts, Environmental 

Toxicology and Chemistry 11:245-260. 

Miller, S.A., S.A. Peterson, J.C. Green and C.A. Callahan. (1985). Comparative Toxicology 

of Laboratory Organisms for Assessing Hazardous Waste Sites, Journal of Environ. Qual. 

14:569-574. 

Missimer and Associates, Inc. (1982): as referenced in Ecology & Environment, Inc. (1992a). 

Evaluation of Groundwater Contmination Potential from the PNAS Surge Pond, 
Pensacola, Florida, Missimer and Associates, Inc.: Cape Coral, Florida. 

Missimer and Associates, Inc. (1984). Annual Ground-water Monitoring Report for Hazardous 
Waste Surface Impoundment, NAS Penracola, Florida, Missimer and Associates, Inc. : 

Cape Coral, Florida. 

National Research Council, "Recommended Dietary Allowances, " 10th ed., National Academy 

Press, Washington DC, 1989. (NRC, 1989) 

Naval Energy and Environmental Support Activity. (1983). Initial Assessment Study of Naval 
Air Station, Pensacola, Pensacola, Florida, NEESA 13-015, Naval Energy and 

Environmental Support Activity: Port Hueneme, California. 

13-10 



Corrected Final Remedial Investigation Report 
NAS Pensacolo Operable Unit 10 and Sue 13 

Sectwn 13 - Refrences 
September 1995 

Naval Energy and Environmental Support Activity. (1988). (NEESA 20.2-047B). Sumpling 

and Chemical Analysis Quality Assurance Requirements for the Navy Installation 

Restoration Program. Naval Energy and Environmental Support Activity: Port 

Hueneme, California. 

Navy Public Works Center. (1990/1991). Plan: Wastewater Treatment Plant, Bldg. 3297, 

Permit No. 1017-111005 (Renewal), NAVFAC Drawing No. PWC SK 985. 

Neff, J.M., R.S. Foster and J.F. Slowey. (1978). Availability of Sedimentabsorbed Heavy 

Metals to Benthos with Pam'cular Emphasis on Deposit-feeding Infauna. Tech. Rep. D- 

78-42, U.S. Army Waterways Exp. Sta., Vicksburg, Mississippi. 286pp. 

Neff, J.M. (1979). Polycyclic Arom'c  Hydrocarbons in the Aquan'c Environment. Applied 

Science Publ. Ltd., London. 262pp. 

Neuhauser, E.F., R.C Loehr, D.L. Milligan, and M.R. Malecki. (1985). Toxicity of Metals 

to the Earthworm Eisenia Fetiab. Biol. Fert. Soils. 1:149-152. 

Neuhauser, E.F., P.R. Durkin, M.R. Male&, and M. Anam. (1986). Comparative ToxiciV 

of Ten Organic Chemicals to Four Earthworn Species. Compiuative Biochemistry and 

Physiology 83C( 1): 197-200. 

NRCC. (1973). Lead in the Canadian Environment. Natl. Res. Coun. Canada Publ. BY73-7 

(ES). 116pp. 

Nriagu, J.O. (ed.). (1978). The Biogeochemistry of Lead in the Environment. Pan A. 

Ecological Qcles. ElseviedNorth Holland Biomedical pfess, Amsterdam. 422pp. 

13-1 1 



comctcd Final Remuiial lnmtigation Report 
NAS Pensamlo Operabk Unit 10 and Site 13 

Section 13 - Rejiinncts 
&?Dt&r 1-5 

~ 

Pahe, J.M., M.J. McKee, and M.E. Ryan. (1993). Toxicity and Bioaccwnulation of Soil 

PCBs in Crickets: Comparison of Laboratory and Field Studies. Environmental 

Toxicology and Chemistry. 12:2097-2103. 

Parmelee, R.W., R.S. Wentsel, C.T. Phillips, M. Simini, and R.T Checkai. (1993). Soil 

Microcosm for Testing the Eflects of chemical Pollutants on Soil Fauna Communities and 

Trophic Structure. Environmental Toxicology and Chemistry. 12: 1477-1486. 

Parsons, M. and B.A. Pruitt. (1991). Pensacola Naval Air Station Advanced WetlandF 

Ideruflcation. U.S. Environmental Protection Agency, Environmental Services Division, 

Athens, Georgia. 

Pike, E. (1992). NAS Pensacola Public Works Center, Environmental Services Unit. Personal 

Communication. 

Rhett, R.G., D.M.M. Adema, P. Ron, and L. Henzen. (1988). Lethal and Sublethal Efeus 

of Aroclor 1254 on Eisenia Foetida. Second Interim Report. Contract no. DAJA45-87- 

C-0055. Netherlands Organization for Applied Scientific Research, Delft, The 

Netherlands. 

Roberts, B.L. and H.W. Dorough. (1984). Relative Toxicities of Chemicals to the Earthwnn 

Eisenia Foetidu. Environmental Toxicology and Chemistry. 3:67-78. 

Southeastern Geological Society. (1986). Florida Hydrogeologic Units: Sourheastern 

Geological Society Ad Hoc Committee on Florida Hydrostratigraphic Unit Definition 

(SEGS), Florida Geologic Survey, Special Publication No. 28. 

13-12 



Corrected Final Remedial Inwtigation Rrport 
NAS Petuamla Operable Unit 10 and Site 13 

Section 13 - Rcferenncvs 
Septunbtr 1995 

Southern Division Engineering Command, Revision 4. (1989). S O m D W  Guidelines fur 
Groundwater Monitoring Well Installation. Southern Division Engineering Command: 

Charleston, South Carolina. 

Strait, B. (1984). Efects of High Copper Concentran'onr on Soil Invertebrates (Earthworn 

and Oribatid Mites). Experimental Results and a Model. Oecologia 64~381-388. 

Taylor, J. (1993). NAS Pensacola Industrial Wastewater Treatment Plant Manager. Personal 

Communication. 

Taylor, J. (1992). NAS Pensacola Industrial Wastewater Treatment Plant Manager. Personal 

Communication. 

The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

(CERCLA) as amended. 

Theis, C.V. (1935). The Relation Between the Lowering of the Piezometric Su?$bce and the 

Rate and Duration of Discharge of a Well Using Groundwater Storage, American 

Geophysical Union Trans., Vol. 16, pp. 5 19-524. 

Todd, D.K. (1980). Groundwater Hydrology: John Wiley & Sons, 2nd Edition. 

Travis, C.C. and A.D. Arms. (1988). Bioconcentration of Organics in Be#, Milk, and 
Vegetation, Environ. Sci. Techno]., Vol. 22, No. 3, pgs. 271-274. 

U.S. Department of Health and Human Services, NOSH Pocket Guide to Chemical Hazards, 
Public Health Service, Centers for Disease Control, National Institute for Occupational 

Safety and Health, 1990. (NOSH, 1990) 

13-13 



Corrected Final Remedial Inwtigation R p n  
NAS Pensawla Operable Unit IO and Site I 3  

Section 13 - Rej2rennccs 
September 1995 

U S .  Environmental Protection Agency. (1994a). CorUracr Laboratory Program National 

Functional Guidelines for Organic Data Review. USEPAIOERR, EPA-540/R-94-0 12, 

February 1994. 

U.S. Environmental Protection Agency. (1994b). Contract Laboratory Progmm National 

Functional Guidelines for Inorganic Data Review. USEPAIOERR, EPA-540/R-94-013, 

February 1994. 

U.S. Environmental Protection Agency. (1983). Methods for Chemical Analysis of Water and 

Wastes. EPA-600/4/79-020. 

U.S. Environmental Protection Agency. (1985). Environmental Profiles and Hazard Indices 

for Constituents of Municipal Sludge: Lead, Office of Water Regulations and Standards. 

U.S. Environmental Protection Agency. (1985). Environmental Profiles and Hazard Indices 
for Constituents of Municipal Sludge: Mercury, Office of Water Regulations and 

Standards. 

U.S. Environmental Protection Agency. (1986). Elaboration of Sediment Nonnalization neory 
for Nonpolar Hydrophobic Organic Chemicals, prepared by Envirosphere for USEPA 

Criteria and Standards Division. 

U.S. Environmental Protection Agency. (1986a). Test Methods for Evaluaring Solid Waste, 

Volume IA: Laboratory Manual, Physical/Chemical Methods, SW-846. 

U.S. Environmental Protection Agency. (1986b). Guidelines for Risk and Health Assessments 
(in 5 areas). Federal Register 5 1: 185, p. 33994-34054. 

13-14 



Comued Final Remedial Investigation Report 
NAS Pensawla oprrable Unit IO and Site I 3  

Section 13 - Rcfrrcnncrs 
Sevmnber 1995 

~ 

U.S. 'Environmental Protection Agency. (1987). Data Quality Objectives for Remedial 

Response Activities Development Process. OSWER Directive 9355.0-7B. 

U.S. Environmental Protection Agency. (1988a). Nazional Functional Guidelines for Inorganic ' 

Data Review. 

U.S. Environmental Protection Agency. (1988b). SuperJirnd Exposure Assessment Manual. 

OSWER Directive 9285.5-1, EPA/540/1-88.002, Apnl 1988. 

U.S. Environmental Protection Agency. (1988~). Guidance for Conducting Remedial 

Investigations and Feasibility Studies Under CERCLA, Interim Final. OSWER Directive 

9355.3-01. EPA/540/G-89/004, October 1988. 

U.S. Environmental Protection Agency. (1989a). Risk Assessment Guidance for Superj'hd, 

Volume I ,  Human Health Evaluation Manual Pan A, Interim Final. EPAl54Of l-89lOO2. 

December 1989. 

U.S. Environmental Protection Agency. (1989b). Risk Assessment Guidance for Supe&nd, 

Volume II - Environmental Evaluation Manual, Interim Final, USEPADERR, 

EPA/540/ 1 -89/OO 1. 

U.S. Environmental Protection Agency. (1990). National Oil and Hazardous Substances 

Pollution Contingency. Plan; Final Rule. EPA/540/ 1-89/OO2. December 1989. Federal 

Register V55:46 pg 8666-8865, March 8, 1990. 

U.S. Environmental Protection Agency. (1991a). National Functional Guidelines for Organic 

Data Re view. 

13-15 



Correatd Final Runedial lnwstigation Report 
NAS Pensacola Operable Unit 10 and Sire I 3  

Section I3 - Rcfrrenm 
SeDtember 1995 

~~ 

' U.S. Environmental Protection Agency. (1991b). Standard Operation Procedures and Quality 
Assurance Manual. U. S .  Environmental Protection Agency: Athens, Georgia. 

U.S. Environmental Protection Agency, (1992a). Screening Values for Hazardous Waste Sites. 

U.S. Environmental Protection Agency. 

U. S. Environmental Protection Agency. (1 992b). Framework for Ecological Risk Assessment. 

USEPA/Risk Assessment Forum, EPA/630/R-92/001, February 1992. 

U.S. Environmental Protection Agency. (1994). Region III. Inrerim Ecological Risk 

Assessment Guidelines. 1 lp. 

U.S. Environmental Protection Agency Contract Laboratory Program National Functional 

Guidelines for Organic Data Review, Office of Emergency and Remedial Response 

(EPA-540/R-94/012, PB94-963501), Publication 9240.1-05, February 1994. 

U.S. Environmental Protection Agency Contract Laboratory Program National Functional 

Guidelines for Inorganic Data Review, Office of Emergency and Remedial Response 

(EPA-540/R-94-013, PB94-963502), Publication 9240.1-05-01, February 1994. 

U.S. Fish and Wildlife Service. (1987). Comprehensive Narural Resources Management Plan 

for NAS Pensacola and OLF Bronson, Pensacola, Florida. US. Fish and Wildlife 

Service, Division of Ecological Services, Panama City, Florida. 

U.S. Geological Survey. (1970a). 7 1/2 Minute Topographic Map, Fort Barrancas, Florida 

Quadrangle. 

13-16 
I 



corrcded Final Remedial Invcsfigation Repon 
NAS Pensamla oprrabrc Unif IO and Site 13 

Seaion 13 - Refmncrs 
scprmtbcr 1995 

U.S. Geological Survey. (1970b). 7 1/2 Minute Topographic Map, West Pensacola, Florida 

Quadrangle, Photorevised 1987. 

Van Straalen, N.M., J.H.M. Schobben, and R.G.M. DeGoede. (1989). Population 
Ecotoxkology and Consequences of Cadmium Taxiciry in Soil Microanhropodr. 

Environmental Safety. 17: 190-204. 

Wagner, J.R., T.W. Allen, L.A. Clemens, and J.B. Dalton. (1984). Ambient Ground Water 

Monitoring Program - Phase I: Northwest Florida Management District, DER Contract 

Number WM65. 

Wang, D.S., R.W. Weaver, and J.R. Melton. (1984). Microbial Decomposition of Plant 

Tissue Contaminate with Arsenic and Mercury. Environmental Pollution 34A: 275-282. 

Wilkins, K.T., J.R. Wagner, and T.W. Allen. (1985). Hydrogeologic Data for the Sand-and- 

Gravel Aquifer in Southern Escambia County, Florida, Northwest Florida Water 
Management District, Technical File Report 85-2. 

Wolfe, S.H., J.A. Reidenauer, and D.B. Means. (1988). An Ecological Characterization of 
the Florida Panhandle. 
Minerals Management Service OCS Study\MMS 88-063. 

U.S. Fish and Wildlife Service, Biological Report 88(12); 

13-17 



FLORIDA PROFESSIONAL GEOLOGIST SEAL 

I have read and approve of this Final Remedial Investigation Report for NAS Pensacola 

Operable Unit 10 and Site 13 and seal it in accordance with Chapter 492 of the Florida Statutes. 

In sealing this document, I Certify the geological information contained in it is true to the best 

of my knowledge and the geological methods and procedures included herein are consistent with 

currently accepted geological practices. 

Name: Brian E. Caldwell 
License Number: #1330 
State: Florida 
Expiration Date: July 31, 1996 


	FINAL REMEDIAL INVESTIGATION REPORT FOR OPERABLE UNIT 10 AND SITE 13
	FOREWORD
	TABLE OF CONTENTS
	EXECUTIVE SUMMARY
	INTRODUCTION
	SITE DESCRIPTION AND HISTORY
	ENVIRONMENTAL SETTING
	PRELIMINARY INVESTIGATIONS
	FIELD INVESTIGATION AND METHODOLOGY
	GEOLOGICAL AND HYDROLOGICAL RESULTS
	NATURE AND EXTENT OF CONTAMINATION
	DATA VALIDATION
	CONTAMINANT FATE AND TRANSPORT
	BASELINE RISK ASSESSMENT
	SUMMARY: CONTAMINATION AND RISK SUMMARY
	CONCLUSIONS
	REFERENCES



