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EXECUTIVE SUMMARY 

This Corrective Measures Study (CMS) for Solid Waste Management Unit (SWMU) 9, Boca Chica Jet 

Engine Test Cell, at the Naval Air Station (NAS) located in Key West, Florida has been prepared for 

the Southern Division, Naval Facilities Engineering Command (NAVFACENGCOM). This work has 

been authorized under Contract Task Order No. 0007 under Contract N62467-94-D-0888. 

SITE DESCRIPTION 

SWMU 9 consists of the Jet Engine Test Cell site associated with Building A-969, which was used for 

testing of recently repaired jet engines. Jet engine testing activities were performed under a canopy 

in the middle of a circular concrete pad. From 1987 through 1995, the jet engines were fueled flrom a 

bermed, 5,000-gallon aboveground storage tank (AST) containing JP-5 fuel. 

In January, 1989, a filter fuel system leak resulted in the release of approximately 700 gallons of JP-5 

fuel on the west side of the AST. Approximately 600 gallons of the spilled fuel were recovered from 

puddles by pumping free product during initial remediation activities. The observed maximum (depth 

of soil contamination was two inches. Approximately 10 cubic yards (cy) of contaminated soil were 

excavated and removed from the spill site, which underwent weathering treatment for 

decontamination in accordance with the State of Florida guidelines for petroleum-contaminated soils. 

Furthermore, an overturned lubrication oil drum and stained soil in a small area adjacent to the 

northwest edge of the circular pad were observed during a November 1992 site investigation (ABE, 

1994). Groundwater contamination has been an issue at SWMU 9 since investigations began in 

1985. Chlorinated solvents are the predominant contaminants in groundwater at SWMU 9 most likely 

due to cleaning solvents used on the site. 

PURPOSE 

The purpose of this CMS is to identify corrective action objectives (CAOs), identify and sc:reen 

corrective measure technologies, develop corrective measure alternatives, evaluate corrective 

measure alternatives, and justify and recommend a final corrective action for groundwater 

contamination at SWMU 9. The classes of chemicals of concern (COCs) addressed in this CMS 

report consist of volatile organic compounds (VOCs) in groundwater. 

CORRECTIVE ACTION OBJECTIVES 

Site-specific CAOs specify COCs, media of interest, exposure pathways, and clean-up goals or 

acceptable contaminant concentrations. CAOs may be developed to permit consideration of a range 
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of treatment and containment alternatives. This CMS addresses groundwater contamination within 

SWMU 9. To protect the public from potential and current future health risks, as well as to protect the 

environment, the following CAOs have been developed for SWMU 9 soil and groundwater to address 

the primary exposure pathways. 

l Prevent the migration of groundwater contaminants to an adjacent lagoon (surface water and 

sediment) to protect ecological receptors. 

l Compliance at SWMU 9 with contaminant-specific, location-specific, and action-specific Federal 

and State Applicable or Relevant and Appropriate Requirements (ARARs). 

CORRECTIVE MEASURE ALTERNATIVE DEVELOPMENT 

Alternatives were developed to evaluate corrective measures for groundwater that address the COCs 

and exposure pathways in order to achieve the CAOs. Alternatives range from no action to those that 

address all contaminants that could affect ecological receptors. The alternatives that were 

assembled are briefly described below. 

SWMU 9 Alternatives 

Alternative 1 - No Action: The No Action alternative is a general response action wherein the status 

quo is maintained at the site. This alternative is retained to provide a baseline for comparison to 

other alternatives and, therefore, does not address the remaining groundwater contamination. 

Alternative 2 - Natural Attenuation with Lonq-Term Monitorinq: This alternative consists of two major 

components: (1) allowing natural attenuation processes to remediate the contaminated groundwater 

at the site and (2) monitoring the contaminant levels and natural attenuation parameters at the site by 

sampling groundwater (quarterly for the first year, and annually for the next nineteen years). The 

sampling would be performed based on state and Federal regulations. A reevaluation of the site 

would be performed every 5 years to determine if any changes to the controls would be required. 

Groundwater monitoring would include sampling and analysis for VOCs and the following natural 

attenuation parameters: dissolved oxygen (DO), carbon dioxide, sulfate, sulfide, and oxidation 

reduction potential. 

Alternative 3 - Enhanced Bioremediation with Lonq-Term Monitorinq: This alternative consists of 

three major components: (1) adding Oxygen Releasing Compound (ORC) downgradient from the 

highest contaminant levels to form an ORC barrier, (2) adding Hydrogen Releasing Compound (HRC) 

at the center of the plume, and (3) monitoring the contaminant levels and natural attenuation 
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. . _ parameters at the site by sampling groundwater (quarterly for the first year, semi-annually for the 

second year, and annually for the next three years). The sampling would be performed based on the 

state and Federal regulations. A reevaluation of the site would be performed after 5 years to 

determine if any additional treatment is required. Groundwater monitoring would include sampling 

and analysis for VOCs and the following natural attenuation parameters: DO, carbon dioxide, sulfate, 

methane, sulfide, oxidation reduction potential, alkalinity, and chloride. 

EVALUATION OF CORRECTIVE MEASURE ALTERNATIVES 

Each alternative was evaluated using the nine criteria specified in the Guidance for RCRA Corrective 

Action Plan (OSWER Directive 9902.3-2A, USEPA, May, 1994). These criteria include Protection of 

Human Health and the Environment; Media Clean-up Standards; Source Control; Waste 

Management Standards; Long-Term Reliability and Effectiveness; Reduction in Toxicity, Mobility, or 

Volume Through Treatment; Short-Term Effectiveness; Implementability; and Cost. Section 5,O of 

this report presents the results of this evaluation process. 

. . --w 

A comparative analysis of each alternative was completed. This comparative analysis was performed 

with respect to specific factors for each of the nine above-mentioned criteria and differences among 

the alternatives were identified. The results of this analysis are presented in Section 5.0. The 

estimated costs for each alternative follow. 

Alternative Capital ($) 
1 0 

2 0 
3 51,000 

Operating ($/year) Present Worth ($) 
0 0 

15,000-58,500 236,403 I 
15,500-60,500 183,982 

The costs are itemized in the detailed cost sheets presented in Appendix D. With the exception of No 

Action, Alternative 3 is the most cost effective technology. Alternative 3 is also the most protective of 

human health and the environment and offers source control. All alternatives are rea.dily 

implementable and Alternatives 2 and 3 will be effective in the short- and long-term. 

It should also be noted that, to date, the Navy has spent approximately 7.9 million dollars on Interim 

Remedial Actions (IRAs) at nine sites/SWMUs/Areas of Concern at NAS Key West. SWMU 9 was 

one of the SWMUs where an IRA was performed. 

‘^\ 
The recommended alternative for SWMU 9 is Alternative 3 - Enhanced Bioremediation with Long- 

Term Monitoring. This alternative would treat contamination in groundwater and perform groundwater 

monitoring to determine the effectiveness of the alternative. If the alternative is not found to be 

AIK-99-0286 ES-3 CT0 007 



Rev. 0 
5/i o/99 

protective of the environment, then another alternative should be considered. However, Alternative 3 

is the most aggressive alternative being considered in this CMS and is expected to effectively treat 

groundwater contamination. 
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INTRODUCTION 

Tetra Tech NUS (TtNUS) conducted a CMS of SWMU 9, Boca Chica Jet Engine Test Cell, Building 

A-969, NAS Key West under Contract Number N62467-94-D-0888, Contract Task Order 0007, for the 

U.S. Navy, NAVFACENGCOM-Southern Division. This CMS was based on the results of previous. 

investigations listed below. 

1.1 

Investigation Date Regulatory Driver 

Initial Assessment Study performed by 1985* Naval Assessment and Control of 
Envirodyne Engineers’ Installation Pollutants Program 

(NACIP) 
Verification Study performed by 1987* NACIP 
Geraghty and Miller - 
Visual Site Inspection conducted by 1988* Resource Conservation and 
the United States Environmental Recovery Act (RCRA) 
Protection Agency (USEPA) 
Preliminary Remedial Investigation j 1991 j Comprehensive Environmental 
(RI) conducted by IT Corporation- Response Compensation and 

Liability Act (CERCLA) 
RCRA Facility Investigation/Remedial 1994 RCRA/CERCLA 
Investigation (RFI/RI) conducted by IT 
Corporation 
Contamination Assessment Report Jet 1994 RCRA/CERCLA 
Engine Test Cell, Building A969 
conducted by ABB Environmental 
Services, Inc. (ABB) 
Groundwater Evaluation at SWMU 9 1 1995 1 RCRAKERCLA 
conducted by Bechtel Environmental, 1 I 
Inc. (BEI) - 
Supplemental RFI/RI conducted by 1997 RCRA/CERCLA 
B&R Environmental 
Natural Attenuation Study Results for 1999 RCRA 
Solid Waste Manaaement Unit 9 
(TtNUS) I 
* Prior to January 1989 spill of JP-5 fuel 

PURPOSE 

The purpose of this CMS is to identify CAOs, identify and screen corrective measure technologies, 

develop corrective measure alternatives, evaluate corrective measure alternatives, and justify and 

recommend a final corrective action for contamination within SWMU 9. 
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1.2 REPORT ORGANIZATION 

Section 1.0 of this report provides a brief description of the background and purpose of the CMS 

conducted for SWMU 9, Boca Chica Jet Engine Test Cell, Building A-969, NAS Key West. Section 

2.0 presents the Description of Current Conditions, including a discussion on the nature and extent of 

contamination, site conditions, and IRAs. The CAOs for SWMU 9 are described in Section 3.0. 

Section 4.0 describes the identification, screening, and development of corrective measure 

,alternatives. Section 5.0 presents the detailed evaluation of the corrective measure alternatives. 

Section 6.0 provides a comparative analysis of the corrective action alternatives and provides the 

recommendation for the final corrective measures. 

1.3 BACKGROUND 

RCRA Corrective Action, as mandated by the Hazardous and Solid Waste Amendments (HSWA), is a 

process by which a hazardous waste treatment, storage, and disposal facility (TSDF)/SWMU is 

investigated and remediated, where necessary, to address routine and systematic releases’ of 

hazardous waste or hazardous waste constituents at the facility. RCRA corrective action is generally 

required for the TSDFISWMU as part of the Part B permit activities conducted by authorized states or 

the EPA, or through enforcement actions [i.e., RCRA Section 3008(h) orders] by the USEPA. The 

Corrective Action Program (CAP) assists the USEPA in developing Corrective Action Orders 

[3008(h)] and Corrective Action requirements in permit applications and permits [3004(u)&(v)]. The 

objective of a CAP at a TSDFISWMU is to evaluate the nature and extent of the release of hazardous 

waste or constituents; to evaluate facility characteristics; and to identify, develop, and implement the 

appropriate corrective measure or measures adequate to protect human health and the environment. 

The CAP involves three distinct steps: RCRA Facility Investigation (RFI); CMS; and Corrective 

Measures Implementation. The objective of an RFI is to evaluate thoroughly the nature and extent of 

the release of hazardous waste and hazardous constituents and to gather necessary data to support 

the CMS. The objective of a CMS is to develop and evaluate a corrective measure alternative or 

alternatives and to recommend the final corrective measure or measures. The objective of the 

Corrective Measures Implementation is to design, construct, operate, maintain, and monitor the 

performance of the corrective measure or measures selected. 

In addition to RCRAIHSWA sites at the’base, there are several Installation Restoration Program (IRP) 

sites at NAS Key West. Clean-up activities for an IRP site are implemented in accordance with the 

National Contingency Plan (NCP) and CERCLA as amended by the Super-fund Amendments and 

Reauthorization Act (SARA). CERCLA establishes the approach to address and clean up hazardous 
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waste sites at both private and Federal facilities. Remedial Investigations (Rls) are conducted under 

CERCLA to determine the nature and extent of releases or potential releases from specific sites. 

A contamination assessment study was performed from October 1993 through February 1994 (ABB, 

1994) and delineation sampling took place from January through September 1995 (BEI, 1995a.). In 

1993, sampling was performed at all SWMUs and IRP sites as part of the first full RFI/RI sampling 

program (IT, 1994). The RFVRI Report recommended remedial actions to remove impacted soil at 

several sites. The Supplemental RFVRI (IT, 1994) was conducted in accordance with HSWA Permit 

No. FL6-170-022-952 issued by the USEPA. 

In January 1996, Brown and Root (B&R) Environmental implemented the Supplemental RFI/RI 

Sampling and Analysis Plan (SAP) in accordance with the regulatory-approved planning documents 

(ABB, 1995b) at SWMU 9. The RFI/RI sample results were used for chemical and toxicological 

analyses to determine risks to human health and ecological receptors. A limited validation effort was 

performed for the analytical data collected by B&R Environmental. The data provided in the RFI/RI 

(IT, 1994) were also used to assess risks. In July 1996, a groundwater pump and treat system was 
I 

installed at SWMU 9 to provide recovery and treatment of the groundwater impacted by chlorinated 

solvents (BEI, 1996). The groundwater pump and treat system design included extraction wells, 

pumps, a header system to convey extracted groundwater from the wells to the treatment unit, a 

groundwater treatment unit, and an infiltration gallery (BEI, 1996). Samples of the influent and 

effluent were collected weekly for the first month of operation and monthly thereafter. One objective 

of the SWMU 9 system was to capture the free product that is present. The system maintained 

hydraulic control of the site during operation, but did not recover any free product (BEI, 1998:). In 

June 1997, the Key West Tier I Partnering Team reviewed the results for the performance of the 

SWMU 9 treatment system and agreed that operation should cease (BEI, 1998). 

In May 1998, TtNUS began natural attenuation evaluation sampling at SWMU 9. VOC samples were 

collected from selected monitoring wells during this sampling event. A second sampling event was 

conducted in November 1998 to determine the general pattern of groundwater contamination. 

Natural attenuation parameters were also sampled for during these sampling events ‘to determine the 
I 

type of biodegradation taking place at the site. This natural attenuation evaluation was performed to 

determine if natural attenuation should be considered as an alternative in the CMS. The Natural 

Attenuation Study Results for SWMU 9 (TtNUS, 1999b) included as Appendix B concluded that 
I 

natural attenuation is a viable alternative for groundwater at SWMU 9. 
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1.4 INSTALLATION DESCRIPTION 

NAS Key West is in southern Monroe County, Florida, on Boca Chica Key, which is located 

approximately 5 miles east of Key West. Key West and Boca Chica Key, the two westernmost major 

islands of the Florida Keys, are approximately 150 miles southwest of Miami. The Overseas Highway 

(U.S. Highway No. 1) connects Key West and Boca Chica Key to the mainland. Figure l-l presents 

a regional map showing the location of Boca Chica Key and Key West within the Florida Keys. Figure 

l-2 presents the location of SWMU 9. Several installations in various parts of the lower Florida Keys 

comprise what is known as the Naval Complex at Key West. Most of these are on Key West and 

Boca Chica Key. Other parts of the complex include Trumbo Point, Sigsbee Key (formerly Dredgers 

Key), Fleming Key, Demolition Key, Truman Annex on Key West, and Big Coppitt Key. The entire 

complex encompasses approximately 5,000 acres. Boca Chica Key is approximately 3 miles wide 

and 3 miles long; and the air station encompasses 3,250 acres. With the exception of filled areas that 

underlie the Overseas Highway, the elevations of Boca Chica Key are less than 5 feet above mean 

sea level (msl) (IT Corporation, 1994). 

At present, NAS Key West maintains several aviation operations, a research laboratory, 

communications intelligence, counternarcotics air surveillance operations, a weather service, and 

several other related activities. In addition to the Naval activities and units, other Department of 

Defense (DOD) and Federal agencies at NAS Key West include the US. Air Force, the U.S. Army, 

and the U.S. Coast Guard. 

Key West is approximately 4 miles long and 1.5 miles wide. The City of Key West, which is the 

county seat of Monroe County, has a residential population of 24,832 (USCBS, 1990). The principal 

industry is tourism, with about 1,500,OOO tourists visiting annually. The major sources of employment 

in Key West are tourism; fishing; wholesale and retail trade; services; construction; finance; 

insurance; real estate; Federal, state, and local government; and transportation industries. 

AIK-99-0158 l-4 CT0 007 



I *,-,..,C^-.r-... ,-^^^-._. ._.-. ..-.- 
t1c114--1”4 1 z__:<L_ I_-... 

2 

SUMMERlAND KEY 

FIGURE I-l. FACILITY LOCATION MAP 
NAVAL AIR STATION KEY WEST 

NAW SOUTHERN DIVISION 
NAS KEY WEST, FLORIDA 



P:/Key WesVERNA (CT0 007)hbd8/CMSS/SWMU9hlapslfl-2 site bcation.PP 

* OO Bay Keys 

%Q 
Cayo Agua 

6 

GULF OF MEXICO 

Demolition 

& 
Key 

Island 
0 

Tank 0 
Island 

Cow Key 

KEY WEST 

\ 
Truman 
Annex 

INTERNATIONAL 

AIRPORT 

ATLANTIC OCEAN 

SWMU-9 
Jet Engine 
Test Cell 

IRAWN BY 

)RM POWERPOINT-SD-AH.PPT-REV O-398 

CORRECTIVE MEASURES STUDY REPORT FOR SWMU 9 
FIGURE 1-2. SWMU 9 SITE LOCATION 

NAVY SOUTHERN DIVISION 
BOCA CHICA KEY, FLORIDA 

y 

DATE 

DRAWING NO. 
SD-AH.PPT 



Rev. 0 
5/l o/99 

2.0 DESCRIPTION OF CURRENT CONDITIONS 

2.1 SITE DESCRIPTION 

;* 

SWMU 9, the Jet Engine Test Cell site associated with Building A-969, is in the northernmost portion 

of the Boca Chica Key airfield as shown in Figure 2-l. Beginning in 1969, the site was usecl for the 

testing of recently repaired jet engines. No other activities were conducted near the site. Jet engine 

testing activities were performed under a canopy in the middle of a circular concrete pad 

approximately 60 feet in diameter in the central part of the site. Jet blast deflectors are located at the 

ends of two concrete pads (100 feet and 80 feet long, respectively) that connect with the north and 

northeast portion of the circular concrete pad. The jet engines were fueled from a bermed, 5,000- 

gallon AST containing JP-5 fuel that was used from 1987 through 1995. Building A-969 is 50 feet 

southeast of the testing area. The concrete area that extends east of the canopy was the former jet 

engine testing area. A small shed at the eastern end of the concrete pad was used for storage of 

various equipment, oils, and jet fuel. Gas path cleaners were also stored on the eastern side of the 

shed. An asphalt parking area extends from these structures to the asphalt road. In addition, a 

switch house, air tanks, voltage box, and the 5,000-gallon AST for JP-5 fuel are adjacent to the 

southwestern edge of the circular pad. A strip of mowed grass approximately 30 feet wide surrounds 

the east and west ends of the site. A narrow strip of red mangroves is located along the shoreline 

north of the site. 

In January 1989, a filter fuel system leak resulted in the release of approximately 700 gallons of JP-5 

fuel on the west side of the AST. Approximately 600 gallons of the spilled fuel were recovered from 

puddles by pumping free product during initiai remediation activities. The observed maximum depth 

of soil contamination was two inches. About 10 cubic yards (cy) of contaminated soil were excavated 

and removed from the spill site, which underwent weathering treatment for decontamination in 

accordance with State of Florida guidelines for petroleum-contaminated soils. Furthermore, an 

overturned lubrication oil drum and stained soil in a small area adjacent to the northwest edge of the 

circular pad were observed by ABB in November 1992 (ABB, 1994). 

The site is bordered to the south by an asphalt road that parallels a runway and to the east and west 

by grassy areas. The entire area is flat, open, and covered with grass where unpaved. A lagoon that 

opens to the Florida Bay is located north of the site, approximately 250 feet from the ‘former location 

of the canopy. 
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2.2 SITE GEOLOGY AND HYDROGEOLOGY 

The site-specific geology and hydrogeology of SWMU 9 were determined from soil borings and 

monitoring wells installed during the contamination assessment study (ABB, 1994), the groundwater 

evaluation study (BEI, 1995b), and the Supplemental RFI/RI (B&R Environmental, 1997). The 

naturally occurring oolitic limestone was encountered at the surface and was present to the 

termination of the borings at 13 feet below land surface (bls). The limestone was well consolidated 

with abundant shell fragments and fine- to medium-grain sand in the limestone matrix. The limestone 

was consistent in all borings, and no lateral or horizontal variations were apparent. The Standard 

Penetration Test (SPT) blow count indicated the limestone is of medium-to-high density. 

Twenty-four monitoring wells are present at the site. No monitoring wells were installed at SWMU 9 

during the Supplemental RFVRI. The oolitic limestone was encountered to the maximum depth of 13 

feet bls. The hydrogeologic unit associated with the oolitic limestone is the surficial aquifer. High 

conductivity values can be expected at the site due to the salt-water lagoon to the north. Recharge to 

the aquifer is directly through rainfall. 

Groundwater elevation data collected during the contamination assessment study indicated a 

predominantly northerly groundwater flow direction with some tidal influence. Groundwater was 

reported to be approximately 1 to 3 feet bls. Groundwater elevations measured in May 1998 were 

consistent with those recorded during the previous investigations. The average groundwater 

elevations and monitoring well locations shown in Figure 2-2 and Figure 2-3 indicate the groundwater 

flow observed at the unit in May and November 1998, respectively. 

2.3 SUMMARY OF THE NATURE AND EXTENT OF CONTAMINATION 

Fuels, oils, and solvents stored at the Jet Engine Test Ceil are potential sources of contamination. 

Several fuel spills have been documented, and VOC and semivolatile organic coupound (SVOC) fuel 

constituents were detected as groundwater contaminants. Chlorinated VOCs were also frequently 

detected groundwater contaminants. Although no documentation exists, the chlorinated VOCs most 

likely came from solvents used for cleaning and degreasing at the site. Low levels of these same 

VOC and SVOC contaminants were found in soil, but inorganics are the primary soil contaminants. 

Surface-water and sediment contaminants at the shoreline on the northern edge of the site were also 

predominantly inorganics (B&R Environmental, 1997). 

The following discussions summarize the nature and extent of contamination. All of the chemicals 

detected at SWMU 9 were compared to ARARs and Screening Action Levels (SALs) for each 
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/--- medium. ARARs are discussed in Section 3.0 of this CMS, and SALs are discussed in Section 2.3.1 

of the Supplemental RFI/RI (B&R Environmental, 1997). 

Groundwater 

In the Supplemental RFI/RI Report (B&R Environmental, 1997), VOCs and SVOCs were the 

predominant groundwater contaminants. In a given year, it was possible to determine the extent of 

groundwater contaminant plumes based on sampling results. In the contamination assessment 

(ABB, 1994), groundwater contaminant plumes of benzene and 1,2-dichloroethene (I ,2-DCE) were 

identified in the eastern part of the site. The groundwater evaluation confirmed the presence of both 

plumes, but the benzene plume appeared to have changed directions from northeast to northwest. 

The maximum concentration in 1995 (55.2 pg/L) was found to the east of the well that exhibited the 

1994 maximum. This may be indicative of eastward contaminant migration. In the groundwater 

evaluation (BEI, 1995b), the extent of DCE contamination appeared to have increased, spreading in a 

two-fingered plume to the west and northwest. The maximum detected concentration also increased 

and moved from well S9MW-15 to well S9MW-24, which indicates an easterly direction for 

contaminant migration. During the Supplemental RFI/RI (B&R Environmental, l997), benzene was 

detected at a tevel (4 pg/L) exceeding ARAR/SAL criteria in a single well. Concentrations of 1,2-DCE 
_. 2, , 

decreased overall; however, the maximum concentration detected during the Supplemental RFI/RI 

was 3,060 yg/l (B&R Environmental). Ethylbenzene and naphthalene were found to exceed 

ARAR/SAL criteria in groundwater during the contamination assessment in the eastern part of SWMU 

9 where documented petroleum spills occurred. 1995 sampling identified free product in two of these 

wells (S9MW-4 and S9MW-5). Methylene chloride was detected in a number of wells under and 

surrounding the concrete pad. Several other VOCs and SVOCs, usually chlorinated, were also 

detected in isolated instances and most likely resulted from solvents used for cteaning and 

degreasing at the site. In addition to benzene and 1,2-DCE, the Supplemental RFI/RI detected 

several pesticides in a single eastern well. Bis(2-ethylhexyl)phthalate exceeded its respective 

ARAR/SAL levels in a single well (B&R Enviromental). Contaminants detected in excess of action 

levels prior to and during the Supplemental RFI/RI are shown in Figures 2-4 through 2-6. 
I 

, .” --., 

During the Natural Attenuation evaluation (TtNUS, 1999b) in May 1998, to determine the dissolved- 

phase groundwater plume configuration, VOC samples were collected from 13 selected monitoring 

wells. The general pattern of groundwater contamination was consistent with previous sampling 

efforts. However, the VOC concentrations generally exceeded those reported during the previous 

sampling event. The greatest increase was identified in the source area at monitoring well S9MW-75 

where the total VOC concentration increased from 53 .ug/L to 5,650 yg/L (TtNUS, 19991)) and 

consisted of cis-I ,2-DCE, trans-1,2-DCE, and trichtoroethene (TCE). In November 1998, samples 
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were collected from 12 selected monitoring wells for the Natural Attenuation evaluation (TtNUS, 

1999b). The general pattern of groundwater contamination, as evidenced by the current plume 

configuration, was inconsistent with previous sampling efforts. However, the VOC concentrations 

were significantly less than those reported during the May 1998 sampling event. The greatest 

decrease was identified in the source area at monitoring well S9MW-15, where the total VOC 

concentration decreased from 5,650 pg/L to 1,100 yg/L (TtNUS, 1999b). The inconsistency of the 

November 1998 data with previous sampling results is likely attributed to the September 25, 1998 

Category 1 Hurricane (Georges) that passed directly over Key West. Although physical damage to 

the island was minimal, the hurricane resulted in a significant precipitation event (8 inches of rainfall). 

As a result, the shallow aquifer at SWMU 9 experienced significant amounts of precipitation, 

infiltration, and a tidal fluctuation that possibly flushed the VOCs from the sutficial aquifer at least 

temporarily. This fluctuation in groundwater contaminant levels is not unusual following a significant 

precipitation event. Such natural anomalies as hurricanes have, in the past, permanently reduced 

soluble contaminant concentrations at other sites. However, because of the large paved apron over 

the source area, it is anticipated that in the future the contaminant levels will fully or partially return to 

levels identified prior to the hurricane (TtNUS, 1999b). Figures 2-7 and 2-8 depict anaiytical results in 

excess of the ARAR/SAL criteria for the May and November 1998 sampling events. 

Although groundwater is not available to ecological receptors, it could become available by 

discharging to surface water or sediment. If this migration pathway existed to a significant extent at 

SWMU 9, the contaminants in groundwater would be present at elevated levels in surface water or 

sediment. The relatively low contaminant concentrations in surface water and sediment in the inlet 

suggest that this is presently not occurring at SWMU 9. However, potential risks resulting from future 

groundwater migration to surface water or sediment might be possible. 

2.3.2 soil 

Soil sampling detected low levels of 1,2-DCE in the area of the groundwater plume. Methylene 

chloride was the only organic chemical to exceed an available ARAR or SAL in either surface or 

subsurface soil. In one subsurface sample, it was detected slightly above the 0.3-mg/kg EPA Region 

Ill Benchmark Toxicity Value (BTV). It was detected in a second subsurface sample but at a level 

less than the SAL. Metals were the most widespread soil contaminants. Aluminum (maximum of 

4,790 mg/kg), chromium (maximum of 69.5 mg/kg) and nickel (maximum of 6.6 mg/kg) were detected 

in all the surface soil samples, but there did not appear to be any trend because higher 

concentrations were interspersed with lower ones. Chromium was also found in all subsurface 

samples, although concentrations were lower than those detected in the surface samples. Cyanide 

was significant in both surface and subsurface samples, although its maximum concentration (4.4 

AIK-99-0357 2-4 CT0 007 



Rev. 2 
1 O/l 9/99 

/’ -\ mg/kg) was found in a subsurface sample (B&R Environmental, 1997). Figures 2-9 and 2-10 depict 
I 

surface and subsurface soil contaminants in excess of action levels. 

2.3.3 Surface Water and Sediment 

Acetone was the only organic chemical detected in either surface water or sediment. It was detected 

in two sediment samples from the northeastern part of the shoreline at SWMU 9. Arsenic was also 

detected in two sediment samples, with the highest level (17.8 mg/kg) directly north of the testing 

area. Both mercury and cyanide were detected once in surface water and sediment, lbut the 

detections in the two media were not at the same locations. Thallium was found in all surface-water 

samples but at levels less than twice the 6.3 pg/L ARAR in each case (B&R Environmental, 1997). 

Figures 2-11 and 2-12 illustrate contaminants in sediment and surface water detected in excess of 
I 

action levels. 

2.4 HUMAN HEALTH RISK ASSESSMENT (HHRA) SUMMARY 

The baseline Human Health Risk Assessment (HHRA) in the Supplemental RFI/RI (B&R 

,,..- , 
t, Environmental, 1997) is a qualitative and quantitative assessment of actual or potential risks for 

SWMU 9. A list of chemicals of potential concern (COPCs) was developed for each environmental 

medium covered by this CMS report. Only those chemicals found to be of potential concern were 

considered for evaluation in the quantitative risk assessment. 

A list of COPCs was developed for each environmental medium, as necessary. Only those chemicals 

selected as COPCs were considered for evaluation in the quantitative risk assessment. The potential 

receptors that apply to media sampled at SWMU 9 include current adolescent and adult trespassers, 

current occupational workers, current site maintenance workers, future excavation workers, and 

future residents. However, the future resident is an unlikely receptor since there are no current plans 

for residential development of NAS Key West. Except for the excavation worker, all potential 

receptors and exposure pathways were evaluated quantitatively. 

,, --x 

The estimated cumulative carcinogenic and noncarcinogenic risks calculated in the Supplemental 

RFVRI for hypothetical future residents, trespasser adults and children, maintenance workers, 

excavation workers, and occupational workers at SWMU 9 are listed in Table 2-l. The total risk for 

each exposure route and the cumulative risk across ail exposure pathways are also included. The 

HHRA was prepared in five parts: carcinogenic risks, noncarcinogenic risks, the result of the 

evaluation of lead in surface soils using the Integrated Exposure and Uptake Biokinetic (IEUBK) 

model, a comparison of groundwater results to screening criteria, and a special note concerning fish. 
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Carcinoqenic Risks: The estimated carcinogenic risks for future residents (6x1 OM5), trespasser adults 

(1x10e5), and trespasser adolescents (1x1 O-‘) are within EPA’s “target risk range” of 1~16~ to 1x1 Om6 

but exceed the Florida Department of Environmental Protection (FDEP) risk threshold of 1~10~~ (B&R 

Environmental, 1997). Dermal contact with sediment for the future resident, adult trespasser, and 

adolescent trespasser has incremental cancer risks (ICRs) of 5x10m5, 1x10m5, and 9x10s6, respectively 

(B&R Environmental, 1997). This exposure route contributes the most to the cumulative carcinogenic 

risk for these three receptors. However, the dermal contact route is associated with high uncertainty 

based on the Absorption Efficiency (ABSEFF,,,,) presented in Appendix G, Section 3.2.3.4 of the 

Supplemental RFI/RI Report. The principal COPC contributing to these cancer risks was arsenic in 

sediment. The estimated carcinogenic risks for the maintenance worker (1~10-‘~) and occupational 

worker (2~10’~) were below 1~10.~ (B&R Environmental, 1997). The carcinogenic risks for the 

excavation worker were not estimated because no COPCs were selected in subsurface soils (B&R 

Environmental, 1997). 

Noncarcinoqenic Risks: The cumulative hazard index (HI) for the hypothetical future resident (2.0) 

exceeds 1.0, a benchmark below which adverse noncarcinogenic health effects are not anticipated 

under conditions established in the exposure assessment (B&R Environmental, 1997). The principal 

COPCs contributing the noncarcinogenic risk are cadmium (hazard quotient(HQ) = 0.27), iron (HQ = 

0.14), and manganese (HQ = 0.18) in surface soil; arsenic (HQ = 0.55) in sediment; and thallium (HQ 

= 0.45) in surface water (B&R Environmental, 1997). The target organ for arsenic and thallium is the 

skin. However, these COPCs add up to an HI of approximately 1 .O. Therefore, no HI values based 

on the same target organ would exceed 1.0 for the hypothetical future resident. The cumulative HIS 

for adolescent trespassers, adult trespassers, maintenance workers, and occupational workers at 

SWMU 9 are less than 1 .O (B&R Environmental, 1997). The estimated noncarcinogenic risks for the 

excavation worker were not estimated because no COPCs were selected in subsurface soils (B&R 

Environmental). 

2.4.1 IEUBK Lead Results 

The IEUBK Lead Model (v. 0.99) (USEPA, 1994b) was used to characterize potential efforts 

associated with exposure to media containing lead. The model was run two ways: using the 

representative concentration and using the average concentration. The purpose of this method was 

to give a range of risks based on a conservative exposure (using the representative concentration) 

and an average exposure (using the average concentration). 

Using the representative concentration, the model results predict that 3.05 percent of residential 

children exposed under similar conditions might have blood-lead levels above 10 pg/dL (B&R 
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Environmental, 1997). This is less than USEPA’s protective guideline of 5 percent for the maximum 

proportion of individuals with blood levels above 10 ug/dL (USEPA, 1994b). The model inputs 

assumed were the default parameter values, 265 mg/kg lead in site-related soils, and 2.1 yg/L. lead in 

groundwater (B&R Environmental, 1997). 

Using the average concentration, the model predicts that 0.06 percent of residential children exposed 

under similar conditions might have blood-lead levels above IO ug/dL (EPA, 1994b). This is less 

than the protective guideline of 5 percent for the maximum proportion of individuals with bloo’d levels 

above 10 pg/dL (EPA, 1994b). The model inputs assumed were default parameter values, 75.6 mg/kg 

lead in site-related soils, and 2.1 f..tg/L lead in groundwater (B&R Environmental, 1997). 

,.;-z 

Quantitative and Qualitative Risk Assessment for Groundwater: Groundwater was not evaluated as 

part of the baseline HHRA because it is classified as G-III, nonpotable water by FDEP. As discussed 

in the Supplemental RFVRI Report (B&R Environmental, 1997), groundwater obtained from the 

surficial aquifer at NAS Key West has a high salinity, and the public water supply obtained from the 

mainland is officially designated as the only potable source. No freshwater public or registered 

domestic wells exist, although domestic wells are reportedly used for purposes such as flushing 

water. Although treatment could possibly be used to improve water quality, the local water authority 

regulates ail potable supplies in the Keys. A preliminary comparison of unfiltered groundwater 

concentrations at SWMU 9 versus tap water Risk Based Concentrations (RBCs) (EPA, 199Eib) and 

Maximum Contaminant Levels (MCLs) (EPA, 199%) is presented in Tables 2-2 and 2-3 of the 

Supplemental RFVRI (B&R Environmental) to provide a benchmark of the magnitude of 

contamination in the groundwater. 

Fish and the Quantitative Risk Assessment: Fish and shellfish at SWMU 9 were not considered a 

human health concern because the inlet is open to the ocean and wide-ranging fish would spend only 

a minor portion of time in the inlet. Mangrove oysters were sampled adjacent to the inlet and did not 

reveal contaminants above background. A more complete discussion of this subject is presented in 

Section 4.4 of the Supplemental RFVRI Report (B&R Environmental, 1997). 

2.4.2 Chemicals of Concern 

, -‘-b 

At SWMU 9, no human health COCs were selected for remedial clean-up goal option {RGO) analysis 

because in no instance did any receptor scenario have a total risk (combined across pathways) 

exceeding a level of concern (1x10-O4 cancer risk or HI of 1.0) (B&R Environmental, 1997). Other 

sources of risk-based criteria include RCRA Corrective Action levels, FDEP Soil Cleanup Goals 

(RGOs), and ARARs. 
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ECOLOGICAL RISK ASSESSMENT SUMMARY 

This section discusses the results of the ecological risk assessment (ERA) performed at SWMU 9 

through a discussion of the problem formulation, effects characterization, exposure assessment, and 

risk characterization. The maximum detected contaminant concentrations in groundwater, surface 

water, sediment, and soil were used as representative exposure point concentrations for screening 

against benchmark values. Background values were obtained from several locations at NAS Key 

West. The complete Background Report is presented in Appendix J of the Supplemental RFVRI 

Report (B&R Environmental, 1997). 

Potential exposure routes considered in the Supplemental RFI/RI for terrestrial and aquatic receptors 

are incidental ingestion of soil, incidental ingestion of contaminated food items, direct aerial 

deposition, root translocation, and dermal contact. 

Ecological chemicals of concern (ECCs) or COCs have been identified in the ERA at SWMU 9 for 

each media. Tables 2-2 through 2-5 identify these COCs by media and include the range of detected 

values, ecological threshold values, HQs, and the reason the chemical was retained as a COC in the 

Supplemental RFVRI (B&R Environmental, 1997). 

In the Supplemental RFVRI ERA, several inorganic and organic compounds were detected in 

groundwater. Where benchmarks were available, the resulting HQs were generally indicative of low 

potential risk. The HQs for silver, Dichlorodiphenyl Trichloroethane (DDT), dieldrin, and endrin were 

quite high, but each of these contaminants was detected in only one of eight samples. 

Although groundwater is not available to ecological receptors, it could become available by 

discharging to surface water or sediment. If this migration pathway existed to a significant extent at 

SWMU 9, the contaminants identified as ECCs in groundwater would be present at elevated levels in 

surface water or sediment. The relatively low contaminant concentrations in surface water and 

sediment in the inlet suggest that this is presently not occurring at SWMU 9. However, potential risks 

resulting from future groundwater migration to surface water orsediment is possible. 

Only a few contaminants in surface water and sediment were identified as ECCs, and the resulting 

HQs were indicative of low risk, with the exception of cyanide. However, the frequency of detection of 

cyanide was low (one of six in surface water, one of five in sediment). Furthermore, the presence of 

cyanide is not believed to be a result of activities .at SWMU 9 (B&R Environmental, 1997). 
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Five metals exceeded benchmark values in site soils. Of these, cyanide and chromium HQs are of 

potentially high risks to terrestrial receptors. Chromium was detected in all five surface soil samples, 

although only one sample exceeded 15.1 mg/kg. Nevertheless, all detected values exceeded the 

average base background concentration of 6.22 mg/kg. The source of chromium in all soil sarnples is 

unknown. Chromium was not detected in groundwater or surface water and was present in sediment 

at concentrations well below ecological benchmarks. Thus, it does not appear to pose potential risks 

to aquatic receptors (B&R Environmental, 1997). The risk of chromium and other soil ECCs to 

terrestrial receptors is largely mitigated by the overall lack of terrestrial habitat at this site. As 

mentioned earlier, the site is mostly a developed area of buildings and mowed grass. 

,x--c‘---.. 

In toxicity tests conducted with surface water and sediment taken from the inlet adjacent to the site, 

the survival and growth of mysid shrimp, the fertilization and development of mussel tarvae, and the 

fertilization of sea urchin were similar to control values. The survival of silverside minnows was 95, 

75, 85, 90, and 90 percent in Sample Numbers 1, 2, 3, 4, and 5, respectively (B&R Environmental, 

1997). The 75 percent survival in Sample No. 2 was somewhat lower than in laboratory controls. 

The salinity of Sample No. 2 was 34 parts per thousand (ppt), slightly higher than the 32 ppt 

maximum value recommended in toxicity tests using this species. The survival of laboratory control 

minnows was extraordinarily high (100 percent); therefore, the slightly reduced survival in four of five 

SWMU samples (when compared to laboratory controls) does not appear to have been a treatment 

effect. Because all other toxicity tests conducted with surface water and sediment from this site 

indicated normal survival and growth, the reduced survival in Sample No. 2 in the silverside minnow 

toxicity tests is not believed to be a treatment effect (B&R Environmental, 1997). In summary, the 
1 

toxicity tests indicate that potential risks to aquatic receptors in the inlet appear to be low (B&R 

Environmental, 1997). Section 4.4.8.4.2 in the Supplemental RFI/RI (B&R Environmental, 1997) 

describes the toxicity tests in more detail. 

Concentrations of metals in mangrove oysters collected from the inlet were similar to concentrations 

in mangrove oysters collected from one background site (oysters were not available at the oth.er two 

background sites) (B&R Environmental, 1997). No organic compounds were detected in oyster tissue 

from SWMU 9. Therefore, although the available number of samples was low, results of the tissue 

analyses show no indication of contaminant accumulation in these filter-feeding organisms (B&R 

Environmental, 1997). 

Numerous organic compounds have been detected in groundwater at SWMU 9. Although migration 

of these contaminants to the nearby inlet does not appear to have occurred, the potential for 

ecological risks from future groundwater contaminant migration to surface water or sediment cannot 

be totally ruled out, despite the potential for some dilution on discharge to surface water. For this 

AIK-99-0357 2-9 Cl-0 007 
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reason, it is recommended that the site groundwater be treated to reduce the concentration of these 

organic compounds, which would reduce the possibility of future site-related risks to aquatic 

receptors. Although a few soil contaminants exceeded the limited areal extent of contaminated soil 

and the marginal habitat in the area where fuel and solvents were spilled, the results of surface-water 

and sediment screening assessments, toxicity tests, and tissue analyses show that, under present 

conditions, risks to aquatic receptors from site-related activities are negligible. 

AIK-99-0158 2-10 CT0 007 
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TABLE 2-l 

CUMULATIVE RISKS 
SWMU 9* 

NAS KEY WEST, BOCA CHICA KEY, FLORIDA 
PAGE 1 OF 2 

Trespasser 
Exposure Route Resident Trespasser Adult Adolescent Maintenance Worker Excavation Worker Occupational Worker 

INCREMENTAL CANCER RISK 
SURFACE SOIL 
Incidental Ingestion ** ** l * ** NA *I) 

Dermal Contact ** .t ** l * NA ** 

inhalation of Fugitive Dust 1 E-08 7E-11 9E-11 IE-10 NA 2E-09 
Subtotal of Media 1 E-08 7E-11 9E-11 lE10 NA 2E-09 

SUBSURFACE SOIL 
Incidental Ingestion 
Dermal Contact 

1 NA NA NA NA .* NA 
NA NA NA NA t* NA 

Inhalation of Fugitive Dust NA NA NA NA ** NA 
Subtotal of Media NA . NA NA NA ** NA 

SEDIMENT 
Iv 
L 

Incidental Ingestion 1 E-05 1 E-06 1 E-06 NA NA NA 

2 Dermal Contact 5E-05 I E-05 9E-06 NA NA NA 
Subtotal of Media 6E-05 1 E-05 1 E-05 NA NA NA 

SURFACE WATER 
Incidental Ingestion ** ** l * NA NA NA 
Dermal Contact ** tt *t NA NA NA 

Subtotal of Media t* . . ** NA NA NA 
TOTAL 6E-05 1 E-05 1 E-05 IE-10 ** 2E-09 
HAZARD INDEX 



TABLE 2-1 

CUMULATIVE RISKS 
SWMU 9* 

NAS KEY WEST 
PAGE 2 OF 2 

Exposure Route 
HAZARD INDEX (cont.) 
SURFACE WATER 
Incidental Ingestion 
Dermal Contact 

Subtotal of Media 
Total 

Resident Trespasser Adult 

3E-01 3E-02 
2E-01 1 E-02 
5E-01 4E-02 
2E+OO 1 E-01 

Trespasser 
Adolescent 

5E-02 
2E-02 
7E-02 
2E-01 

Maintenance Worker Excavation Worker Occupational Worker 

NA NA NA 
NA NA NA 
NA NA NA 

4E-03 *)* 4E-02 

* = Chemical-specific risks are presented in Appendix A. 
l * = Either no COPCs were selected or the COPCs selected for this pathway did not have applicable toxicity values. 
NA = Not applicable, pathway is not applicable for the respective media. 



TABLE 2-2 

ECOLOGICAL CONTAMINANTS OF CONCERN IN GROUNDWATER - SWMU 9 

NAS KEY WEST, BOCA CHICA KEY, FLORIDA 
PAGE 1 OF 2 

Average Range of 
Frequency Background Detected Ecological 

Ecological Contaminants of of Concentration Values Threshold Hazard 
Concern (ECCs) Detection @g/L) (us/L) &l/L) Quotient Reason for Retention as an ECC 

INORGANICS 

4/l’-DDT l/8 ND 0.26 0.00059 440 HQzl 
Dieldrin l/8 ND 0.19 0.0019 100 HQ>l 

v Endrin 118 ND 0.25 0.0023 108.6. HQ>l 
z SEMIVOLATILE ORGANIC COMPOUNDS 



TABLE 2-2 

ECOLOGICAL CONTAMINANTS OF CONCERN IN GROUNDWATER - SWMU 9 
NAS KEY WEST, BOCA CHICA KEY, FLORIDA 

PAGE 2 OF 2 

Average Range of 
Frequency Background Detected Ecological 

Ecological Contaminants of of Concentration Values Threshold Hazard 
Concern IECCs1 Detection lUalLI (IalL) ha-) Quotient 1 Reason for R ___._ -... ~. ~~ 

Chloroethane 
Chloromethane 
Cis-1,2-dichloroethene 
Isopropyl alcohol 
ct,rrclna 

7182 
7182 

26154 
l/l 

7/r;< 

ND 
ND 
ND 
ND 
ND 

I 
letention as an ECC 

2 - 13.50 NA I 1 No suitable threshold was available 
2 - 13.50 NA 1 No suitable threshold was available 
2 - 1,560 NA I 1 No suitable threshold was available 

23 I NA I No suitable threshold was available 
10 - 67.50 1 NA I I No suitable threshold was available 

I 
“rJ1Gmru I . ,-. I . .- I _. .-_ 

Tntrw-hlnmdhmm I AIR7 I ND I 0107 - 13.50 I 8.85 1 1.53 1 HQ>l I “II +.“I ml”, ““.I I”. .s 
Trans-1 ,Pdichloroethene 
Trichloroethane 
Trichlorofluoromethane 
\/imrl arntatc3 . II ‘,. L.““I..‘.Y 
Vinyl chloride 
Xylenes (total) 

-,-- .- I 
29162 ND 1 2- 3,060 1 NA I [ No suitable threshold was available 
15182 ND 1.50-44 [ NA I No suitable threshold was available 

I 2/39 ND I 3 NA I I No suitable threshold was available 
9/51 I ND 3 - 67.50 NA I No suitable threshold was available -.-. .- , 
7182 ND 1 2- 13.50 NA I I No suitable threshold was available 
1 O/82 ND 1 2- 131.60 1.8 1 73.1 IHQ>I -’ 

NA = No suitable ecological threshold value was available. 
ND = Not detected. 



; 

Ecological Contaminants 
of Concern (ECCs) 

INORGANICS 

Cobalt II6 ND 
Cyanide l/6 1.56 
Thallium 616 4.88 

Average Range of 
Frequency Background Detected Ecological 

of Concentration Values Threshold Hazard 
Detection @g/L) @g/L) (lJg/L) Quotient Reason for Retention as an ECC 

1.1 NA No suitable threshold was available 
45.2 1.0 45.2 HQ>l 

5.6 - 10.1 6.3 1.6 HQ>l 

NA = No suitable ecological threshold value was available, 
ND = Not detected. 



TABLE 2-4 

ECOLOGICAL CONTAMINANTS OF CONCERN IN SEDIMENT - SWMU 9 
NAS KEY WEST, BOCA CHICA KEY, FLORIDA 

Ecological Contaminants Frequency Average Range of Ecological 

of Concern (ECCs) of Background Detected Threshold Hazard 
Detection Concentration Values Value”) Quotient Reason for Retention as an ECC 

HERBICIDES @g/kg) 

1 Methyl parathion I 215 I ND 1 14.8 - 38.8 1 NA I No suitable threshold was available I 

INORGANICS (mglkg) 
Arsenic 
Cyanide 
Mercury 
Selenium 

215 I 1.71 1 12.6 - 17.8 
! l/5 ND 1 12.1 I v. IV I _ .-.--. 

I Vanadium 

1 7.24i70 1 2.4610.25 HQ > 1 
I m rn I 121 HQ>l 

I l/5 I ND I 1.1 0.13/0./l 8.4611.55 HQ > 1 
l/5 1.04 7.3 NA No suitable threshold was available 

-. -- _^^ NA No suitable threshold was available 515 I 4.84 1 4./ - 13.2 

PESTlClDUPCBs @g/kg) 
4,4’-DDE I 2/5 1. ND 1 6.4 - 14.3 1 1.22/27 1 11.710.5 1 HQ>l 
Delta-BHC 215 I ND 1 11.3-14.2 1 3 4.7 1 HQ>l 

VOLATILE ORGANIC COMPOUNDS (Wkg) 

1 Acetone I 215 I 34.3 1 275- 1,890 1 64 1 29.53 1 HQ > 1 1 
NA = No suitable ecological threshold value was available. 
ND = Not detected. 

1 When two values are presented, the left value is the most conservative available and the right value is a less conservative value, if available. In these 
instances, two Hazard Quotient values are presented. Contaminants were retained as final ECPCs if the most conservative ET value available was exceeded. 



TABLE 2-5 

ECOLOGICAL CONTAMINANTS OF CONCERN IN SOIL - SWMU 9 
NAS KEY WEST, BOCA CHICA KEY, FLORIDA 

Ecological Contaminants 
of Concern (ECCs) 

INORGANICS (mglkg) 

Aluminum 
Chromium 
Cyanide 
Mercury 
7inc 

Frequency Average Range of Ecological 
of Background Detected Threshold Hazard 

Detection Concentration Values Value Quotient 

515 2,130 1 ,170-4,790 600 7.98 
515 6.22 7.2-69.55 0.4 174 
215 ND 2.2-2.6 0.005 520 
215 0.03 0.06-0.32 0.1 3.20 
5/5 19.0 16.5-298.5 200 1.49 

Reason for Retention as an ECC 

HQ>l 
HQ>l 
HQrl 
HQ>l 

- 

ND = Not detected. 
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LAGOON 
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SCALE 

NOTE: ALL MEASUREMENTS ARE IN FEET. 

NOTE: S9MW5 WATER LEVEL ELEVATION OF 2.67’ WAS CONSIDERED 
AN ANOMALY AND WAS NOT CONSIDERED IN ELEVATION CONTOURS. 

DERIVED FROM INFORMATION PROUDED BY FIRMS RESPONWLE LEGEND 
FOR ifiEiR iNSiAiiATlOi4. 

ABB ENVIRONMENTAL SERVICES (1994) 

ALSO SAMPLED BY BROWN & ROOT ENVIRONMENTAL IN 1996 

CHECKED BY CCRRECTIVE MEASURES STUDY REPORT FOR !%MJ 9 
FIGURE 2-3. NOVEMBER 1998 GROUNDWATER 

FLOW AND ELEVATIONS, SWMU 9 
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ITR~CHLOROETHENE 4.6 
S9MW3#-. 

CIS-1,2-DICHLOROETHENE 

\ 1 BEND= 

HYOg+ BENZENE 
m HY04 I TRANS-1.2-DICHLOROETHENE 13ki 
v I 

S9MW24#- - 
CIS-1,2-DICHLOROETHENE 590 

HYlZ BENZENE 
TRANS-1,2-DICHLOROETHENE 63408 

1,2-DICHLOROETHENE (TOTAL) 2393 1 

I BENZENE 
CIS-1.2-DICHLOROETHENE ll% 

2250 
PARAMETER 42.5 1 STANDARD- 

CIS 1.2-DICHLOROETHENE (TOTAL) 70 

BENZENE 1 

TRANS-1,2-DICHLOROETHENE 

I I 

100 

TRICHLOROETHENE 3 

NOTE: ALL CONCENTRATIONS ARE IN ug/L 

NOTE: WHERE DUPLICATE ANALYSES AT A SAMPLING LOCATION 
RESULTED IN MULTIPLE CONCENTRATION VALUES FOR 
AN ANALYTE, AN AVERAGE MAY BE SHOWN ON THIS FIGURE. 
INDIVIDUAL VALUES CAN BE FOUND IN TABLE 4-94 OF THE RFI/RI. 

LEGEND 
S9MWl l MONITORING WELL LOCATION 

ABB ENVlRONMENTAL SERVICES (1994) 

HYOl-$ HYDROPUNCH LOCATION 
BECHTEL ENVIRONMENTAL (1995) 

# ALSO SAMPLED BY BECHTEL IN 1995 

ALSO SAMPLED BY BROWN & ROOT ENVIRONMENTAL IN 1996 

3._ii 
SCALE 

CONTRACT NO. 
7046 

CORRECTlM MEASURES STUDY REPORT FOR SWMU 9 
FIGURE 2-4. 1993 & 1994 GROUNDWATER 

CHEMICAL CONCENTRAllONS. SWMU 9 
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1 ,1,2,2-TETRACHLOROETHANE 
1,l -DICHLOROETHANE 
1,2-DICHLOROPROPANE 
BENZENE 
CARBON TETRACHLORIDE 
TETRACHLOROETHENE 13.5 
TRICHLOROETHENE 13.5 
VINYL CHLORIDE 13.5 

SSMWll# 

CAD: p: \KEY WEST\ERNA (CT0 OO7)\MODO8\CMSS\SWMU9\SWMU 9 CMS\REV. l\MAPS\CMS 2-l THRU 2-)z.DwG 08/l O/99 MOB 
,- 

V 

LAGOON 

S9MW3#-b 

i/q V 

DICHLOROETHENE 1156 -lb 

TRANS-1,2-DICHLOROETHENE 21770 A 

J /l\V COL”U11711 \ PARAMETER STANDARD- 

CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 481.5 

--‘-‘..’ 
55.2 1 

BENZENE ALSO APPEARS TO HAVE BEEN FOUND IN MW-8, MW-6 AND MW-18 AT 
* CY-lhlrEhl-mbTlnhl nc 2 -9,/L. UA,Arc\,CP TUlC IC L,r-l\T CUn\l,hl UCDC DCPAIICC TUCDC ., ww..-L,. ll.,.rlll. -, * I”..L .LI\, II IId I4 S.” I .A I”..,. I kLI\L, YLUI-\YdL II ,LI\L 

IS A REASON TO SUSPECT THAT THESE SAMPLES MAY ACTUALLY BE NON-DETECT 

VALUES FOR BENZENE. 

MONITORING WELLS INSTALLED BY BROWN & ROOT ENVlRONMENTAL 
WERE FIELD SURVEYED FOR LOCATIONS. OTHER LOCATIONS WERE 
DERIVED FROM INFORMATION PROVlDED BY FIRMS RESPONSIELE 
FOR THEIR INSTALLATION. 

I BENZENE 

CARBON TETRACHLORIDE I :I 

I ETHYLBENZENE 

TETRACHLOROETHENE I ‘,I I 

I TRICHLOROETHENE 
I 3 I 

VINYL CHLORIDE 1 

NOTE: ALL CONCENTRATIONS ARE IN ug/L 

NOTE: WHERE DUPLICATE ANALYSES AT A SAMPLING LOCATION 
RESULTED IN MULTIPLE CONCENTRATION VALUES FOR 
AN ANALYTE, AN AVERAGE MAY BE SHOWN ON THIS FIGURE. 
INDIVIDUAL VALUES CAN BE FOUND IN TABLE 4-94 IN THE RFI/RI. 

LEGEND 
S9MWl l MONITORING WELL LOCATION 

ABB ENVIRONMENTAL SERVICES (1994) 

HYOI + HYDROPUNCH LOCATION 
BECHTEL ENVIRONMENTAL (1995) 

# ALSO SAMPLED BY BECHTEL IN 1995 

SCALE 

CONTRACT NO. 

7046 
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CONCENTRATIONS, SWMU 9 ADDOnurlT 0” “1TE 

I 
r.I I I.““L” “I 

NAVY SOUTHERN DIVISION 
VP 

I I 
I BOCA CHICA KEY, FLORIDA 

I I I AS NOTED 
DRAWING ~0. REV. 

1 
FORM CAD0 NO. SD’/-BH12.DGN - REV 0 - l/20/98 
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LAGOON 

SCALE 

1 

EIS (2-ETHYLHEXYL) PHTHALATE 6 

NA 

DELTA-BHC 0.05 

DIELDRIN 0.0042 

TRANS-1,2,DICHLOROETHENE 100 

NOTE: ALL CONCENTRATIONS ARE IN ug/L 

NOTE: WHERE DUPLICATE ANALYSES AT A SAMPLING LOCATION 
RESULTED IN MULTIPLE CONCENTRATION VALUES FOR 
AN ANALYTE, AN AVERAGE MAY BE SHOWN ON THIS FIGURE. 
INDlVlDUAL VALUES CAN BE FOUND IN TABLE 4-94 IN THE RFI/RI. 

LEGEND 
S9MWl 0 MONITORING WELL LOCATION 
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l I /// 
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3w 
SCALE 

LAGOON 

NOTE! ALL CONCENTRATIONS ARE IN mg/kg 

NOTE: WHERE DUPLICATE ANALYSES AT A SAMPLING LOCATION 
RESULTED IN MULTIPLE CONCENTRATION VALUES FOR 
AN ANALYTE. AN AVERAGE MAY BE SHOWN ON THIS FIGURE. 
INDIVIDUAL VALUES CAN BE FOUND IN TABLE 4-90 IN THE RFI/RI. 

LEGEND 
SURFACE SOIL BORING/SAMPLE LOCATION 
BROWN & ROOT ENVIRONMENTAL (1996) 

WERE FIELD SURVEYED FOR LOCATIONS. OTHER LOCATIONS WERE 
DERIVED FROM INFORMATION PROVIDED BY FIRMS RESPONSIBLE 
FOR THEIR INSTALLATION. 

CHECKED BY CORRECWE MEASURES STUDY REPORT FOR SWU 9 
RGURE 2-9. SURFACE SOIL CHEMICAL 

CONCENTRATIONS, SWMU 9 
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3.0 CORRECTIVE ACTION OBJECTIVES 

The following section describes the development of the proposed CAOs for the NAS Key West 

SWMU 9, Boca Chica Jet Engine Test Cell, Building A-969. These CAOs and media clean-up 

standards are based on promulgated Federal and State of Florida requirements, risk-derived 

standards, data and information gathered during the previous investigations, the IRA (BEI, 1998:), the 

Supplemental RFI/RI (B&R Environmental, 1997), and additional applicable guidance documents. 

The development of the CAOs included the consideration of cross-media concentrations, which are 

concentrations in one media that are protective of the migration of contaminants into another media. 

The cross-media evaluation utilized modeling to determine the groundwater contaminant fate and 

transport. 

3.1 INTRODUCTION 

i( 

CAOs are developed for each site as media-specific and contaminant-specific objectives that will 

result in the protection of human health and the environment. The development of CAOs for a 

SWMU or a group of SWMUs is based on human health and environmental criteria, information 

gathered during the Supplemental RFVRI (B&R Environmental, 1997), USEPA guidance, and 

applicable Federal and state regulations. Typically, CAOs are developed based on promulgated 

standards, background concentrations determined from a site-specific investigation and human health 

and ecological risk-based concentrations developed in accordance with the USEPA risk assessment 

guidance. The Supplemental RFVRI (B&R Environmental, 1997) presents a complete descriptiion of 

the nature and extent of contamination, contaminant fate and transport, baseline HHRA, and ERA. 

This section includes a discussion of the ARARs for SWMU 9, development of the RGOs, the 

development of the CAOs for SWMU 9, and determination of the volume of the contaminated 

medium. 

3.2 ARARS, MEDIA OF CONCERN, AND COCS 

3.2.1 ARARs 

3.2.1 .l Introduction 

The ARARs, which include the requirements, criteria, or limitations promulgated under the Federal 

and state law that address a contaminant, action, or location at a site, are presented in this section. 

AIK-99-0158 3-l CT0 007 
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A definition of an ARAR is as follows: 

l Any standard, requirement, criterion, or limitation under Federal environmental law. 

l Any promulgated standard, requirement, criterion, or limitation under a state environmental or 

facility-citing law that is more stringent than the associated Federal standard, requirement, 

criterion, or limitation. 

One of the primary concerns during the development of corrective action alternatives for hazardous 

waste sites under RCRA is the degree of human health and environmental protection afforded by an 

alternative. 

Definitions of the two types of ARARs, as well as other To Be Considered (TBC) criteria, are given 

below: 

l Applicable Requirements means those clean-up standards, standards of control, and other 

substantive environmental protection requirements, criteria, or limitations promulgated under 

Federal or state law that directly and fully address a hazardous substance, pollutant, 

contaminant, remedial action, location, or other circumstance at a CERCLA site. 

. Relevant and Appropriate Requirements means those clean-up standards, standards of control, 

and other substantive environmental protection requirements, criteria, or limitations promulgated 

under Federal or state law that, while not “applicable,” address problems or situations sufficiently 

similar (relevant) to those encountered at the CERCLA site that their use is well suited 

(appropriate) to the particular site. 

l TBC Criteria are non-promulgated, non-enforceable guidelines or criteria that may be useful for 

developing remedial actions or necessary for determining what are protective of human health 

and/or the environment. Examples of TBC criteria include USEPA Drinking Water Advisories, 

Carcinogenic Potency Factors, and Reference Doses. 

These requirements are included in order to provide the decision-makers with a complete evaluation 

of potential ARARs in developing, identifying, and selecting a corrective measure alternative. 

3.2.1.2 ARAR and TBC Categories 

ARARs fall into three categories, based on the manner in which they are applied: 

AIK-99-0286 3-2 CT0 007 
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,, ;,-._ . l Chemical Specific: Health/risk-based numerical values of methodologies that establish 

concentration or discharge limits for particular contaminants. Examples of contaminant-specific 

ARARs include MCLs and Clean Water Act (CWA) water quality criteria. Contaminant-specific 

ARARs govern the extent of site clean up. 

l Location Specific: Restrictions based on the concentration of hazardous substances or the 

conduct of activities in specific locations. These may restrict or preclude certain remedial actions 

or may apply only to certain portions of a site. Examples of location-specific ARARs include 

RCRA location requirements and floodplain management requirements. Location-slpecific 

ARARs pertain to special site features. 

l Action Specific: Technology- or activity-based controls or restrictions on activities related to 

management of hazardous waste. Action-specific ARARs pertain to implementing a given 

remedy. 

Table 3-l presents a summary of potential Federal and state ARARs and TBCs for corlrective 

measures undertaken for SWMU 9 at NAS Key West. 

3.2.1.3 Chemical-Specific ARARs and TBCs 

This section presents a summary of Federal and state criteria for contaminant-specific ARARs of 

potential concern in the case of SWMU 9. The ARAR criteria provide medium-specific guidance on 

‘acceptable” or “permissible” concentrations of contaminants. 

The Safe Drinkina Water Act (SDWA) promulgated National Primary Drinking Water Standard MCLs 

(40 CFR Part 141). MCLs are enforceable standards for contaminants in public drinking water supply 

systems. They consider not only health factors but also the economic and technical feasibility of 

removing a.contaminant from a water supply system. Secondary MCLs (SMCLs) (40 CFR Part 143) 

are not enforceable but are intended as guidelines for contaminants that may adversely affect the 

aesthetic quality of drinking water, such as taste, odor, color, and appearance, and may.deter public 

acceptance of drinking water provided by public water systems. 

, . . 

The SDWA also established MCL Goals (MCLGs) for several inorganic and organic compounds in 

drinking water. MCLGs are set at levels of no’known or anticipated adverse health effects, with an 

adequate margin of safety. The NCP [40 CFR Part 300.430(e)(2)(i)] states that MCLGs that are set 

at levels above zero shall be attained by remedial actions for groundwaters or surface waters that are 

current or potential sources of drinking water [where the MCLGs are relevant and appropriate under 
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the circumstances of the release based on the factors in Section 300.400(g)(2) of the NCP]. If an 

MCLG is found not to be relevant and appropriate, the corresponding MCL shall be achieved where 

relevant and appropriate to the circumstances of the release. For MCLGs that are set at zero, the 

MCL promulgated for that contaminant under the SDWA shall be attained by the remedial actions. In 

cases involving multiple contaminants or pathways where attainment of chemical-specific ARARs will 

result in a. cumulative cancer risk in excess of 1x10m4, criteria in paragraph (e)(2)(i)(A) of Section 

300.430 (i.e., risk-based criteria) may be considered when determining the clean-up level to be 

.attained. The NCP explains that clean-up levels set at zero (generally the case for carcinogens) are 

not appropriate because complete elimination of risk is not possible and because “true zero” cannot 

be detected. 

U.S. Environmental Protection Aqencv Ambient Water Qualitv Criteria (AWQC) of the CWA are non- 

enforcable guidelines developed for pollutants in surface waters pursuant to Section 304(a)(l) of the 

CWA. However, AWQC are not legally enforceable and should be considered as potential ARARs. 

AWQC are available for the protection of human health from exposure to contaminants in surface 

water as well as from ingestion of aquatic biota and for the protection of freshwater an.d saltwater 

aquatic life. AWQC may be considered for actions that involve groundwater treatment and/or 

discharge to nearby surface waters. 

Prooosed RCRA Action Levels (40 CFR Part 264) define the chemical concentrations in a media that 

could make that media a RCRA listed waste. Any media contaminated at or above these levels could 

be considered hazardous waste and should be managed, transported, and disposed of in accordance 

with Federal RCRA requirements. Because of the regulatory status of these proposed action levels, 

they are only “To Be Considered”. 

Bioloaical Technical Assistance Grouo @TAG) Screenina Levels (USEPA Region III, 1995b), QaJ 

Ridoe National Laboratorv Benchmark Toxicitv Values (Will & Suter, 1994) and Florida RGOs (FDEP, 

1995a and 1996) are published listings of ARARs and SALs for soils. 

FDEP Sediment Qualitv Guideline (FDEP, 1994), USEPA Reaion IV Sediment Screeninq Values 

(EPA, 1995c), Federal Sediment Qualitv Screeninq Values (USEPA, 1996) and USEPA Sediment 

Qualitv Benchmark (USEPA, 1995d) are published listings of ARARs and SALs for sediments. 

Florida Surface Water Qualitv Standards (Chapter 62-302 F.A.C.), USEPA Reaion IV Chronic 

Surface Water Screenina Values (USEPA, 1995a), National AWQC, USEPA Reuion ill Marine 

Standards (USEPA, 1995d) and USEPA Reqion III Fresh Water Standards (USEPA, 1995a) are 

published listing of ARARs and SALs for sediments. 
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, ~‘.“w. Florida Drinkinq Water Standards for Monitorina and Reportinq (Chapter 62550 F.A.C.) set forth 

drjnking water quality standards at least as stringent as the National Primary Drinking Water 

Regulations. MCLs that are promulgated by USEPA are automatically incorporated into the Florida 

SDWA. If an MCL does not exist for a contaminant, the Florida SDWA requires that no contaminant 

that creates or has the potential to create an imminent and substantial danger to the public shall be 

introduced into the public water system. 

Brownfields Cleanup Criteria Rule (Chapter 62-785 F.A.C.) establishes standards for soil, secliment, 

surface water, and groundwater. The criteria are still in draft form, but is expected to become 

finalized this year. 

Since the groundwater at SWMU 9 is brackish and classified as G-III (nonpotable water) by FDEP, 

the Florida SDWA is neither applicable nor relevant and appropriate. 

3.2.1.4 Location-Specific ARARs and TBCs 

This section presents a summary of Federal and state location-specific ARARs criteria in the case of 

SWMU 9. The ARAR criteria provide medium-specific guidance on “acceptable” or “permissible” 

concentrations of contaminants. 

Federal Protection of Wetlands Executive Order (E.O. 11990) requires Federal agencies, in carrying 

out their responsibilities, to take action to minimize the destruction, loss, or degradation of wetlands 

and to preserve and enhance the natural and beneficial values of wetlands (unless there is no 

practical alternative to that construction); minimizing the harm to wetlands (if the only practical 

alternative requires construction in the wetlands); and providing early and adequate opportunities for 

public review of plans involving new construction in wetlands. 

Corrective measures at SWMU 9 may impact regulated wetland areas. Permits from both the State 

of Florida and the U.S. Army Corps of Engineers will be required if any corrective measures impact 

regulated wetland areas. 

.o---._ 

The Endanoered Species Act’of 1978 (16 USC 1531) (40 CFR Part 502) provides for consideration of 

the impacts on endangered and threatened species and their critical habitats. This act requires 

Federal agencies, in consultation with the Secretary of the Interior, to ensure that any action 

authorized, funded, or carried out by the agency is not likely to jeopardize the continued existence of 

any endangered or threatened species or adversely affect its critical habitat. A review of the available 

AIK-99-0158 3-5 CT0 007 



Rev. 0 
5/l o/99 

information indicates that several endangered species have been seen on base and therefore this act 

would apply. 

The Fish and Wildlife Coordination Act (16 USC 661) provides for consideration of the impact on 

.wetlands and protected habitats. The act requires that Federal agencies, before issuing a permit or 

undertaking Federal action for the modification of any body of water,- consult with the appropriate 

state agency exercising jurisdiction over wildlife resources to conserve those resources. Consultation 

with the United States Fish and Wildlife Service is also required. 

The Fish and Wildlife lmorovement Act of 1978 (16 USC 742a) and The Fish and Wildlife 

Conservation Act of 1980 (16 USC 2901) require consideration of the impacts on wetlands and 

protected habitats. 

Florida Surface Waters of the State (Chapter 62-301 F.A.C.) and Florida Delineation of Landward 

extent of Wetlands and Surface Waters (Chapter 62-340 F.A.C.) define and provide the delineation 

methodology for determining the extent of surface waters and wetlands. SWMU 9 has a direct 

connection to the open ocean (the Gulf of Mexico). 

Florida Groundwater Classes, Standards, and Exemotions (Chapter 62-520 F.A.C.) provides for the 

designation of the present and future most beneficial uses of all the groundwaters in the state by 

means of a classification system. The state classification of the groundwater at Boca Chica Key is 

Class G-III (nonpotable water), which is water in an unconfined aquifer that has a total dissolved 

solids content of 10,000 milligrams per liter or greater. 

3.2.1.5 Action-Specific ARARs and TBCs 

This section presents a summary of Federal and state action-specific ARARs criteria of potential 

concern in the case’ of SWMU 9. The ARAR criteria provide medium-specific guidance on 

“acceptable” or “permissible” concentrations of contaminants. 

RCRA Subtitle C regulates the treatment, storage, and disposal of hazardous waste from its 

generation until its ultimate disposal. In general, RCRA Subtitle C requirements for the treatment, 

storage, or disposal of hazardous waste will be applicable if: 

l The waste is a listed or characteristic waste under RCRA (i.e., soil is found to be Toxicity 

Characteristic Leaching Process (TCLP) characteristic). 
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l The waste was treated, stored, or disposed (as defined in 40 CFR 260.10) after the effective date 

of the RCRA requirements under consideration. 

l The activity at the .CERCLA site constitutes current treatment, storage, or disposal as defined by 

RCRA. 

RCRA Subtitle C requirements may be relevant and appropriate when the waste is sufficiently similar 

to a hazardous waste; and/or the on-site corrective action constitutes treatment, storage, or disposal; 

and the particular RCRA requirement is well suited to the circumstances of the contaminant release 

and the site. RCRA Subtitle C requirements may also be relevant and appropriate when the 

corrective action constitutes generation of a hazardous waste. All RCRA Subtitle C requir’ements 

must be met if the cleanup is not under Federal order and/or when the hazardous waste moves off 

site. 

An exemption from the hazardous waste rules is provided for wastewater treatment units that are tank 

systems discharging via regulated outfalls (40 CFR 264.1 (g)(6), 40 CFR 261 .lO). An exclusion from 

permitting is provided for such facilities under 40 CFR 270.1(c)(2)(4) for owners and operators of 

wastewater treatment units. 

The following requirements included in the RCRA Subtitle C regulations may pertain to the NAS Key 

West: 

l Hazardous waste identification and listing regulations (40 CFR pan 261). 

l Hazardous waste generator requirements (40 CFR part 262). 

l Transportation requirements (40 CFR part 263). 

l Standards for owners and operators of hazardous TSDFs (40 CFR part 264). 

l Interim status standards for owners and operators of hazardous waste TSDFs (40 CFR Part 265). 

l Land Disposal Restrictions (LDRs) (40 CFR Part 268). 

Hazardous Waste Identification and Listina Reaulations (40 CFR Pan 261) define those solid1 wastes 

that are subject to regulation as hazardous waste under 40 CFR Parts 262 to 265 and Parts 124, 270, 

and 271. 
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A generator that treats, stores, or disposes of hazardous waste on site must comply with RCRA 

Standards Apolicable to Generators of Hazardous Waste (40 CFR Part 262). These standards 

include manifest, pre-transport (i.e., packaging, labeling, placarding), record keeping, and reporting 

requirements. The standards are applicable to actions taken at NAS Key West that constitute 

generation of hazardous waste (e.g., generation of water treatment residues or excavation of 

contaminated soils and/or sediments that may be hazardous). 

Standards Aoolicable to Transoorters of Hazardous Waste (40 CFR part 263) are applicable to off- 

site transportation of hazardous waste from NAS Key West. These regulations include requirements 

for compliance with the manifest and record keeping systems and requirements for immediate action 

and clean up of hazardous waste discharges (spills) during transportation. 

Standards and Interim Status Standards for Owners and Operators of hazardous Waste TSDFs (40 

CFR Parts 264 and 265) are applicable to remedial actions taken at NAS Key West and to off-site 

facilities that receive hazardous waste from the site for treatment and/or disposal and have a RCRA 

Part B permit. On-site facilities must also have a RCRA Part B permit if the site is not a Federally 

ordered CERCLA clean up. Standards for TSDFs include requirements for preparedness and 

prevention, releases from SWMUs (i.e., corrective action requirements), closure and post-closure 

care, use and management of containers, design and operating standards for tank systems; surface 

impoundments, waste piles, landfills, and incinerators. 

RCRA LDR Requirements (40 CFR Pat-t 268) restrict certain wastes from being placed or disposed 

on the land unless they meet specific BDAT treatment standards (expressed as concentrations, total 

or in the TCLP extract, or as specified technologies). 

RCRA Criteria for Classification of Solid Waste Disposal Facilities and Practices (40 CFR Part 257) 

establish criteria for use in determining which solid waste disposal facilities and practices pose a 

reasonable probability of adverse effects on health and thereby constitute prohibited open dumps. 

Department of Transoortation (DOT) Rules for Hazardous Materials Transport (49 CFR Parts 107 and 

171-l 79) regulate the transport of hazardous materials, including packaging, shipping equipment, and 

placarding. These rules are considered applicable to wastes shipped off site for laboratory analysis, 

treatment, or disposal. 

National Environmental Policv Act (NEPAZ (40 CFR Part 6) requires consideration of potential 

environmental impacts at NAS Key West of corrective measure actions on wetlands and endangered 

species. 
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. The CWA, as amended, governs point-source discharges through the National Pollutant Discharge 

Elimination System (NPDES), discharge, dredge, or fill material and oil and hazardous waste spills to 

United States waters. NPDES requirements (40 CFR Part 122) will be applicable if the direct 

discharge of pollutants into surface waters is part of the remedial action. 

The Occupational Health and Safetv Act (29 USC, Sections 651 through 678) regulates worker health 

and safety during implementation of remedial actions. 

Florida Hazardous Waste Reaulations (Chapter 62-730 F.A.C.) essentially parallel RCRA Subtitle C 

hazardous waste management regulations. Similar to RCRA Subtitle C regulations, Florida 

regulations include requirements for the following: 

l Generators of hazardous waste (Chapter.262) 

l Transporters of hazardous waste (Chapter 263) 

l New and existing hazardous waste management facilities applying for a permit (Chapter 264) 

l Interim status hazardous waste management facilities applying for a permit (Chapter 265) 

The above regulations may be relevant and appropriate to on-site remedial actions and applicable to 

the transport of hazardous waste off site. 

Florida Pretreatment Requirements for Existino and New Sources of Pollution (Chapter 62-730 

F.A.C.) implements the pretreatment requirements and establishes a State NPDES permit program. 

These rules may be applicable for corrective measures involving a discharge to surface water. 

Land Use Restrictions at Environmental Remediation Sites on board U.S. Navv Installations 

(CNBJAXINST 5090.2N4) establishes a systematic program to govern land use at environmental 

remediation sites at U.S. Navy Installations. 

The Clean Air Act (42 USC 7401) consists of three programs or requirements that may be ARARs: 

National Ambient Air Quality Standards (NAAQS) (40 CFR Parts 50 and 53), National Emission 

Standards for Hazardous Air Pollutants (NESHAPs) (40 CFR Part 61), and New Source Performance 

Standards (NSPS) (40 CFR Part 60). NESHAPs, which are emission standards for source types (i.e., 

industrial categories) that emit hazardous air pollutants, are not likely to be applicable or relevant and 

appropriate for NAS Key West because they were developed for a specific source. 
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USEPA requires the attainment and maintenance of primary and secondary NAAQS to protect public 

health and public welfare, respectively. These standards are not source specific but rather are 

national limitations on ambient air quality. States are responsible for assuring compliance. with the 

NAAQS. Requirements in the USEPA-approved State Implementation Plan (SIP) for the 

implementation, maintenance, and enforcement of NAAQS are potential ARARs. 

NSPS are established for new sources of air emiss,ions to ensure that the new stationary sources 

minimize emissions. These standards are for categories of stationary sources that cause or 

contribute to air pollution that may endanger public health or welfare. Standards are based upon the 

best demonstrated available technology (BDAT). 

Florida State Implementation Plan (Chapter 62-204 F.A.C.) establishes maximum allowable levels of 

pollutants in the ambient air necessary to protect human health and public welfare and maximum 

allowable increases in ambient concentrations for subject pollutants to prevent significant 

deterioration of air quality. It provides three general classifications for determining which set of 

prevention of significant deterioration increments apply. 

3.2.2 Media of Concern 

Based on results of the Supplemental RFI/RI (B&R Environmental, 1997) and previous investigations 

conducted at SWMU 9 involving the HHRAs and ERAS, the contaminated medium at SWMU 9 was 

determined to be groundwater. Sediment and surface water were eliminated as media of concern 

based on toxicity tests, which indicate that potential risks to aquatic receptors in the inlet appear to be 

low (B&R Environmental, 1997). 

Although groundwater at SWMU 9 contains several chemicals at concentrations above background, it 

is not a current or potential drinking water source. As a result, it was not considered as a media of 

concern in the Supplemental RFI/RI HHRA. Although ecological receptors are not directly exposed to 

groundwater, the potential for ecological risks from future groundwater contaminant migration to 

surface water or sediment cannot be totally ruled out, despite the potential for some dilution on 

discharge to surface water. For this reason, groundwater is the medium of concern at SWMU 9. 

Chemicals of Concern 

The nature and extent of contamination for SWMU 9 were determined in the Supplemental RFVRI 

(B&R Environmental, 1997) and the Natural .Attenuation Evaluation (TtNUS, 1999b) by analyzing 

samples from surface and subsurface soil, sediment, surface water, and groundwater in the vicinity of 
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the Jet Engine Test Cell. At SWMU 9, no human health COCs were selected for RGO analysis 

because in no instance did any receptor scenarios in the HHRA have a total risk (combined across 

pathways) exceeding a level of concern (1~10~~ cancer risk or HI of 1 .O). 

The ERA also evaluated potential concerns associated with contamination in soil. A summary of the 

Supplemental RFVRI ERA was provided in Section 2.6 of the CMS. Ecological COCs are presented 

for each medium in this section. Tables 2-2 through 2-5 list the ecological COCs presented in the 

ERA. Since the RFVRI, new action levels have been adopted by the Partnering Team. These new 

action levels are included in Appendix B of the Site Inspection (SI) Workplan for Ten BRAC 

Properties (B&R, 1998), and will be used in selecting and eliminating ecological COCs in the CMS. 

Industrial/commercial action levels will apply to soil contamination. 

3.2.3.1 Soil 

Several inorganics were retained as ecological COCs in soil in the RFVRI because their respective 

HQs exceeded 1.0. These inorganics include aluminum, chromium, cyanide, mercury, and zinc. 

However, because action levels from the BRAC SI Workplan (B&R Environmental, 1998) are now 

being used, cyanide is the only contaminant in excess of its action levels. Cyanide was detected in 

two of the five samples taken, and had an HQ (520) indicative of potentially high risk to terrestrial 

receptors. However, the presence of cyanide is not believed to be a result of activities at SWMU 9. 

Furthermore, the risk of cyanide to terrestrial receptors is largely mitigated by the overall lack of 

terrestrial habitat at this site. For these reasons, cyanide will be eliminated as an ecological COC and 

no ecological COCs will be retained for soil at SWMU 9. 

3.2.3.2 Sediment 

The ERA evaluated risk associated with contamination in sediment at SWMU 9. Table 2-4 In Section 

2.5 of this CMS lists the ecological COCs for sediment presented in the Supplemental RFVRI #(B&R 

Environmental, 1997). As discussed, new action levels that have been established for sediment in 

the BRAC SI Report (TtNUS, 1999a) will apply to contamination at SWMU 9. However, no COCs can 

be eliminated in sediment based on the new action levels. Cyanide, mercury, and selenium were 

detected in one of five samples. Methyl parathion, selenium, and vanadium were retained as EfCCs 

because no suitable threshold was available. Other ECCs include arsenic, 4,4’-DDE, delta-BHC, and 

acetone, which were detected in two of five sediment samples. In toxicity tests conducted with 

surface water and sediment taken from the inlet adjacent to the site, the survival and growth of mysid 

shrimp, the fertilization and development of mussel larvae, and sea urchin fertilization were simi,lar to 

the results in the control (B&R Environmental, 1997). The survival of laboratory control minnows was 
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high (100 percent); therefore, the slightly reduced survival in one sample in the silverside minnow 

toxicity tests is not believed to be a treatment effect. In summary, the toxicity tests indicate that the 

potential risks to aquatic receptors in the inlet appear to be low. Therefore, no ecological COCs will 

be retained for sediment at SWMU 9. 

3.2.3.3 Surface Water 

Figure 2-10 in Section 2.3.3 shows chemicals detected in excess of action levels in surface water. 

The ecological assessment evaluated risk associated with contamination in surface water at SWMU 

9. Table 2-3 in Section 2.5 lists the ecological COCs identified in the Supplemental RFI/RI (B&R 

Environmental, 1997). Cobalt, cyanide, and thallium were selected as COCs. However, cobalt was 

retained as a COC because no suitable threshold was available. An action level of 35,000 mg/kg was 

established in the BRAC SI Report (TtNUS, 1999a) and will be used in the CMS. Therefore, cobalt is 

eliminated as a COC because it does not exceed its action level. Cyanide was detected in one of five 

samples The presence of cyanide is not believed to be a result of activities at SWMU 9. Thallium 

was detected in all samples, but only one detection exceeded two times the background 

concentration. As with sediment, surface water toxicity tests conducted at this site indicated normal 

survival and growth (B&R Environmental, 1997). The toxicity tests indicate that potential risks to 

aquatic receptors in the inlet appear to be low. Therefore, no COCs from surface water will be 

retained for ecological risk evaluation in the CMS for SWMU 9. 

3.2.3.4 Groundwater 

Figures 2-3 through 2-7 in Section 2.3.1 of this CMS present groundwater chemical concentrations for 

contaminants in excess of action levels. Although groundwater is not a current drinking water source 

and is unlikely to be designated as one in the future, chemicals above the drinking water standards 

and ecological COCs were identified for fate and transport modeling. The development of 

groundwater RGOs through modeling is discussed further in Section 3.3. Following is a discussion of 

groundwater COCs resulting from the ERA. 

Groundwater was not evaluated as part of the baseline HHRA because it is classified as Class G-Ill, 

nonpotable water by the FDEP, as summarized in Section 2.4. The surficial aquifer is the principal 

aquifer of concern at NAS Key West because of the potential groundwater-to-surface water 

contaminant migration pathway. Groundwater from the surficial aquifer at Key West has a high 

salinity and is unsuitable for drinking, as documented in a 1980 groundwater quality sampling study 

by the United States Geological Survey (USGS) (ABB, 1995b). The Monroe County Health 

Department recognizes the public water supply obtained from the mainland as the only potable water 
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+ x. source available on Key West (B&R Environmental, 1997). Even though the groundwater is not used 

as potable water, the groundwater concentrations at SWMU 9 were compared to Tap Water FtBCs 

(EPA, 1996) and MCLs (EPA, 1995c) for comparison purposes. These comparisons can be found in 

Table 2-6 of the Supplemental RFI/RI (B&R Environmental, 1997). 

The ERA evaluated risk associated with contamination in groundwater at SWMU 9. Table ;!-2 in 

Section 2.5 lists the ecological COCs identified in the Supplemental RFI/RI. Several inorganics were 

retained as ecological COCs including barium, cyanide, lead, selenium, and silver. However, based 

on updated action levels developed during the BRAC SI, all inorganics detected in groundwater can 

be eliminated as ecological COCs in the CMS. 

The pesticides detected in SWMU 9 groundwater include 4,4’-DDT, dieidrin, and endrin. Endrin can 

be eliminated as an ecological COC based on its new action level of 2 pg/L. 4,4’-DDT was detected 

at 0.26 pg/L in one of eight samples. The updated action level for 4,4’-DDT is 0.2 pg/L. Because 

4,4’-DDT has a low frequency of detection and is barely above its action level, it will be eliminatled as 

a COC in the CMS. Although dieldrin did exceed its action level, it was only detected in one of eight 

samples. This low frequency of detection is reason to eliminate dieldrin as an ecological groundwater 

COC in the CMS. 

SVOCs selected as COCs in groundwater in the RFI/RI include I-methylnaphthalene, 2- 

methylnaphthalene, bis(2-ethylhexyl)phthalate, chlorodibromomethane, and naphthalene. However, 

as determined during the SI Report for Nine BRAC Parcels (TtNUS, 1999a), ecological risks 

calculated for naphthalene compounds have been determined to be negligible. Therefore, FDEGP no 

longer has established action levels for naphthalene, 1 -methylnaphthalene, or 2-methylnaphthalene. 

Detections of these chemicals will not be considered exceedances at NAS Key West, and they will be 

eliminated as COCs for groundwater at SWMU 9. Although its HQ was originally high (30) i:n the 

RFI/RI, the new action level established for bis(2-ethylhexyl)phthalate (6 ug/L) lowers it to 

approximately 1.3 and since the frequency of detection was also low (l/8), bis(2-ethylhexyl)phthalate 

will not be retained as an ecological COC. 

.“.. 

A large number of VOCs were retained as ecological COCs in the RFI/RI. However, based on the 

action levels used during the BRAC SI, several of these can be eliminated. 2-butanone, 2-hexanone, 

4-methyl-2-pentanone, acetone, bromodichloromethane, carbon disulfide, chloroethane, 

dibromochloromethane, styrene, and xylenes (total) will be eliminated as COCs based on the current 

action levels in use at NAS Key West. In addition, any COCs in the RFI/RI that were not detected 

above action levels in the May or November 1998 sampling events will be eliminated as COCs. In 

May 1998, cis-1,2-dichloroethene, trans-1,2-dichloroethene, acrylonitrile, TCE, and benzene were 
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detected above action levels. In November 1998, only benzene, cis-1,2-dichlorethene, and trans-1,2- 

dichlorethene were detected above action levels. Due to these selected VOC exceedances in 1998, 

the following VOCs will be eliminated as COCs in the CMS: 1,1,2,2-tetrachloroethane, l,l- 

chloroethene, 1,2-dichloroethane, 1,2-dichloropropane, bromomethane, chloromethane, isopropyl 

alcohol, tetrachloroethene, trichlorofluoromethane, vinyl acetate, and vinyl chloride. Acrylonitrile was 

detected in the May 1998 sampling event but was only detected in one well and will not be listed as a 

COC in the CMS. The following chemicals will be retained as groundwater COCs in the CMS: 

l VOCs: cis-1,2-dichloroethene, trans-1,2-dichloroethene, trichloroethene, and benzene. 

3.3 REMEDIAL GOAL OPTIONS (RGOS) 

RGOs are developed to ensure that contaminant concentration levels remaining at the site are at 

levels that are protective of human health and the environment. Human health RGO development 

calculations were not necessary in this CMS since no human health COCs were identified in the 

RFI/RI. RGOs are established to: 

l Protect the environment from detrimental impacts from site-related contaminants 

l Comply with Federal and state ARARs 

In order to evaluate and develop RGOs for groundwater which are protective of sediment and surface 

water, predictive contaminant transport modeling was performed based on the following criteria. 

. Protection of surface water based on maximum groundwater concentrations and surface-water 

criteria. 

l Protection of sediment based on maximum groundwater concentrations and sediment criteria. 

The development of cross-media RGOs by using a groundwater flow contaminant fate and transport 
I 

model is presented in Appendix C. 

AIK-99-0286 3-14 CT0 007 



Rev. 2 
1 O/l 9199 

3.3.1 Groundwater RGOs Protective of Surface Water and Sediment 

Groundwater RGOs were determined for the groundwater COCs identified in Section 3.2. Modeling 

of contaminant migration from the groundwater to the surface water was performed to determine the 

maximum concentration of contaminants in the groundwater that will be protective of surface water. 

To be protective of the sediment from groundwater, the ER-M Sediment Value for specific 

contaminants was used as an endpoint concentration, if available. Since the ER-M is the median of 

sediment concentrations associated with the biological effects, the ER-M is the point above which 

adverse effects are expected to be frequent (Long et al., 1995). To be protective, concentrations 

above the ER-M should not be allowed. The use of the ER-M as a remediation goal means that this 

is the maximum allowable concentration; the average exposure concentration will necessarily be 

lower than the maximum, Its use creates a situation in which no concentration is in the range of 

frequent effects, and the average is in the range where effects are more likely not to occur. 

Assumptions, equations, and additional details used in developing the groundwater RGOs protective 

of sediment and surface water are included in Appendix C. Table 3-2 summarizes the RGOs for 
I 

groundwater protective of surface water and sediment. 

,” c., 

The groundwater ecological risk-based RGOs indicate that the current groundwater concentralions at 

SWMU 9 are substantially below the groundwater RGOs. The current maximum detected 

groundwater concentrations from November 1998 for cis-1,2DCE, trans-1,2-DCE, and benzene are 

280, 820, and 18 yg/L, respectively (Figure 2-7). TCE was not detected in the November 1998 

sampling event. As discussed in Section 2.3.1, a Category 1 Hurricane (Georges) passed ‘directly 

over Key West resulting in a major precipitation event in September 1998. Contaminant levels are 

expected to fully or partially return to levels seen prior to the hurricane (TtNUS, 199913). In May 1998, 

the maximum detections of cis-1,2-DCE, trans-l,2-DCE, benzene, and TCE were 1300, 4000, 25, 

and 350 ,ug/L, respectively (Figure 2-6). Although these levels also fall below groundwater RGOs, 

cis-1,2-DCE and trans-1,2-DCE concentrations may increase as TCE continues to degrade. The 

groundwater concentrations under the source area currently are not at levels that will adversely 

impact the surface water or sediment at the lagoon located to the north of SWMU 9. However-, since 

contaminant levels at SWMU 9 are likely to fluctuate, the potential for contaminants to Iexceed 
I 

groundwater RGOs does exist. The ecological COCs for groundwater presented in Section 3.2.3.4 

are retained. The ecological RGOs for the protection of surface water and sediment are presented in 
1 

Table 3-2. The mechanisms/processes affecting chemical fate and transport in groundwater that 

were accounted for during the modeling include sorption, dilution, advection, dispersion, and 

chemical/biological decay. 
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3.4 CORRECTIVE ACTION OBJECTIVES 

Site-specific CAOs specify COCs, media of interest, exposure pathways, and clean-up goals or 

acceptable contaminant concentrations. CAOs may be developed to permit consideration of a range 

of treatment and containment alternatives. This CMS addresses groundwater contamination within 

SWMU 9. To protect the public from potential and current future health risks, as well as to protect the 

environment, the following CAOs have been developed for SWMU 9 groundwater to address the 

primary exposure pathways. 

0 Prevent the migration of groundwater contaminants to the lagoon (surface water and sediment) to 

protect ecological receptors. 

l Comply at SWMU 9 with contaminant-specific, location-specific, and action-specific Federal and 

State ARARs. 

The RGOs that would attain these objectives have been discussed in Section 3.3. 

3.5 VOLUMES OF CONTAMINATED MEDIA 

The volume of contaminated groundwater was estimated based on a comparison of the RGOs and 

CAOs defined in Sections 3.3 and 3.4 respectively, using a standard engineering practice. The 

values and assumptions used in estimating the volume of contaminated groundwater are presented in 

this section. 

3.5.1 Contaminated Groundwater 

The volume of contaminated groundwater is based on plume area, plume thickness, and porosity of 

the soil. The plume area is assumed to be rectangular. Based on the May 1998 plume size (Figure 

2-61, the estimated rectangular plume size is 250 feet by 200 feet (50,000 square feet). Plume 

thickness was calculated at 27 feet in groundwater modeling conducted for SWMU 9 (Appendix C). 

An effective porosity of 0.3 was incorporated from the Supplemental RFI/RI Report (B&R 

Environmental, 1997). The effective porosity of the soil is the porosity available for fluid flow (Fetter, 

1994). The total volume of contaminated groundwater is calculated by multiplying the total plume 

volume by the effective porosity. 
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The total volume of contaminated groundwater is estimated to be 375,000 cubic feet or 2.8~10~ 
I 

gallons. The table below depicts the calculations conducted for contaminated groundwater. 

Length Width Thickness Effective Volume of Contaminated Volume of Contaminated 

(feet) (feet) (feet) Porosity Groundwater (cubic feet) Groundwater (gallons) 

250 200 25 0.3 375,000 2.8~10~ $ 
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TABLE 3-I 

POTENTIAL ARARs AND TBCs 
CORRECTIVE MEASURE STUDY FOR SWMU 9 
NAS KEY WEST, BOCA CHICA KEY, FLORIDA 

PAGE 1 OF 3 

Chemical-Specific Requirements 

Clean Water Act (33 USC 1251-1376) 
Federal Ambient Water Quality Criteria (AWQCs) (40 CFR Part 50) 

Rationale 

Surface-water and fish samples have shown contamination. Corrective 
measures may result in surface-water discharges that could further impact 
aquatic life. 

Threshold Limit Values, American Conference of Government Industrial May be applicable to air concentrations during implementation of corrective 
Hygienists I measures. 

Proposed RCRA Action Levels (40 CFR Part 264) Corrective measures may be driven by reducing chemical concentrations in 
any or all of the media at SWMU 9 to meet the Action Levels. 

Benchmark Toxicity Values (USEPA Region Ill, 1995b) Corrective measures may be driven by reducing chemical concentrations 

Oak Ridge National Laboratory Benchmark Toxicity Values (Will and Suter, in the soils at SWMU 9 to meet published levels. 
u 1994) 

& FDEP Soil Cleanup Goals (FDEP, 1995a and 1996) _Ic-_I_-_I_-__II---___ 
FDEP Sediment Quality Guideline (FDEP, 1994) Corrective measures may be driven by reducing chemical concentrations 

USEPA Region IV Sediment Screening Values (EPA, 199%) in the sediments at SWMU 9 to meet published levels. 

Federal Sediment Qualitv Screenina Criteria (EPA, 1996a) 

USEPA Sediment Quality Benchmark (EPA, 1996a) 

Florida Surface Water Quality Standards (Chapter 62-302 F.A.C.) Corrective measures may be driven by reducing chemical concentrations 

USEPA Region IV Chronic Surface Water Screening Values (EPA, 199%) in the surface waters at SWMU 9 to meet published levels. 

National Ambient Water Quality Standards 

USEPA Reaion III Marine Standards (EPA. 1995b) 

USEPA Region III Fresh Water Standards (EPA, 1995b) 

Safe Drinking Water Act MCLs (EPA, 1995a) Corrective measures may include groundwater remediation to MCLs. 

Florida Drinking Water Standards, Monitoring and Reporting (MCLs) 
(Chapter 62-550 F.A.C.) 

~1 Florida Department of Environmental Protection Guidance (FDEP, 1989) [Corrective measures mav include clean up to FDEP Guidance. 
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POTENTIAL ARARs AND TBCs 
CORRECTIVE MEASURE STUDY FOR SWMU 9 
NAS KEY WEST, BOCA CHICA KEY, FLORIDA 

PAGE 2 OF 3 

Location-Specific Requirements 

Federal Protection of Wetlands Executive Order (E.O. 11990) 

Rationale 

Wetland areas at SWMU 9 may have chemical contamination and may be 
affected by corrective measure. 

Endangered Species Act of 1978 (16 USC 1531) (40 CFR 502) There are endangered and threatened species at NAS Key West. . ..-~-..-._- .__,..-.- -_--.-- __.--- ---_--_-_a-- --__- -.-.-._ ._. _- __..._.__._ _ __,________ --___ - .-_--.-- ..-.._. -. ~- ._._._ ̂ . --_.- _. -” _.. -- ._.- 
Fish and Wildlife Coordination Act of 1980 (16 USC 661) Corrective measures may affect fish and wildlife habitat. 
Fish and Wildlife Conservation Act (16 USC 2901) 
Fish and Wildlife Improvement Act of 1978 (16 USC 742a) 

RCRA Standards for Owners and Operators of TSDFs. Most of the NAS Key West facility is within the loo-year floodplain. 

Florida Surface Waters of the State (Chapter 62-301 F.A.C.) Provides designation of landward extent of surface waters in the state. 

Florida Delineation of Landward extent of Wetlands and Surface Waters Provides the delineation methodology of the extent of wetlands. 
x (Chapter 62-340 F.A.C.) 

(o ,Florida Ground Water Classes, Standards, and Exemptions (Chapter 62-520 ,Provides designation criteria for the groundwater classes in the state. 
F.A.C.) 

Clean Air Act (42 USC 7401) Corrective measures may include treatment of media which could result 

National Ambient Air Quality Standards (NAAQS) (40 CFR Part 50) 

National Emission Standards for Hazardous Air Pollutants (NESHAPs) 
(40 CFR 61.60-61.71) 

in emissions to the atmosphere. 

New Source Performance Standards (NSPS) (40 CFR Part 60) 
Florida State Implementation Plan (Chapter 62-204 F.A.C.) 

Hazardous Waste Generator Requirements (40 CFR Part 262) 

Hazardous Waste Transportation Requirements (40 CFR Part 263) 

Standards applicable to generators of hazardous wastes that may have to 
be met depending on corrective measures implemented. 

Corrective measures may require transportation of hazardous materials off- 
site for treatment/disposal. 
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Action-Specific Reauirements 1 Rationale I 
Standards for Owners and Operators of Hazardous Waste Treatment, Corrective measures may involve hazardous waste treatment, storage, and 
Storage or Disposal (TSD) Facilities (40 CFR Part 264) disposal facilities. 

Interim Status Standards for Owners and Operators of Hazardous Waste or 
TSD Facilities (40 CFR Part 264) 

Land Disposal Restrictions (40 CFR Fart 268) Standards for the land disposal of hazardous waste. 

Department of Transportation (DOT) Rules for Hazardous Materials Corrective measures may include transport of waste for off-site treatment 
Transport (49 CFR Parts 107,171-179) and disposal. 

National Environmental Policv Act Requires consideration of environmental effects due to Federal actions. 

Clean Water Act (40 CFR Part 122) National Pollutant Discharge Elimination Corrective measures may involve discharge to surface waters. 
w System (NPDES) 

& Clean Air Act (42 USC 7401), NAAQS (40 CFR Parts 50 and 53), NESHAPs Treatment technologies for emissions to air (incineration, surface 
(40 CFR Part 61) and NSPS (40 CFR Part 60) impoundments, waste piles landfills, and sources of fugitive emissions). 

Occupational Safety and Health Act (29 USC 651-678) Regulates worker health and safety. 

Florida Pretreatment Requirements(NPDES) for Existing and New Sources Corrective measures may include discharge to surface waters or a waste 
of Pollution (Chaoter 62-625 F.A.C.) water treatment plant. 

Florida Hazardous Waste (Chapter 62-730 F.A.C.) Applicable to corrective measures that may handle and/or transport 
hazardous waste. 

Land Use Restrictions at Environmental Remediation Sites on Board U.S. Establishes a systematic program to govern land use at environmental 
Navy Installations (CNBJAXINST 5090.2N4) remediation sites at U.S. Navy Installations. 
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TABLE 3-2 

GROUNDWATER RGOS (pg/L) 
NAVAL AIR STATION KEY WEST 

BOCA CHICA KEY, FLORIDA 

r- Groundwater Sample Results Remedial Goal Options 
November 1998 Protection of Surface 
Sampling Effort Water 

cots @g/L) @g/L) @g/L) 
Cis-1,2-DCE 280 60,000 1,930 
Trans-1,2-DCE 820 7,600 45x10” 
Benzene 18 12,600 89,500 
TCE ND 2,720 280,000 

ND - Not Detected 
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4.0 ^. .;j IDENTIFICATION, SCREENING, AND DEVELOPMENT OF 
CORRECTIVE MEASURE ALTERNATIVES 

4.1 INTRODUCTION 

This section presents the identification, screening, and development of the corrective ‘measure 

alternatives formulated to achieve the CAOs for SWMU 9. Section 3.0 presented the underlying 

basis for the initial identification and screening of the corrective measure technologies and included 

the following: 

l Identification of ARARs. 

l Development of CAOs and media-specific RGOs. 

l identification of volumes of contaminated media based on the RGOs. 

The identification and screening of corrective measure technologies and the development of 

corrective measure alternatives are based upon the information presented in Section 3.0 and involve 

the following activities: 

l Identification of corrective measure technologies and applicable process options. 

l Screening of potential corrective measure technologies and applicable process options. 

l Development of corrective measure alternatives by assembling the remaining technologies into 

alternatives that have the potential to achieve the defined CAOs. 

4.2 IDENTIFICATION AND SCREENING OF CORRECTIVE MEASURE 

TECHNOLOGIES AND PROCESS OPTIONS 

This section identifies the corrective measure technologies and process options that may be used to 

achieve the CAOs. This process was based on the review of current literature, vendor information, 

and previous experience in developing alternatives for sites with similar media-specific concerns and 

releases. 
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Corrective measure technologies and process options can be grouped according to general response 

actions. Corrective measure alternatives are then formulated by combining general response actions 

to completely address the CAOs. When implemented, the corrective measure alternative should be 

capable of achieving the CAOs, with the exception of the No Action alternative. The categories of 

general response actions that could be implemented to achieve or address the CA@ for SWMU 9 

include: 

l No Action 

0 Institutional Controls 

l Treatment 

Each of the general response actions is discussed below (Sections 4.2.1 through 4.2.3). Corrective 

measure technologies and process options for each of the general response actions which are 

potentially applicable to SWMU 9 are identified and screened in Table 4-1 for groundwater. The 

criteria used for screening the technologies and process options are discussed in Section 4.2.7. 

4.2.1 No Action 

No Action is a general response action wherein the status quo is maintained at the site. No Action is 

normally retained to provide a baseline for comparison with other alternatives. No additional activities 

would be conducted at the site to address remaining contamination. There are no implementability 

concerns, because the contaminated medium is considered to be left “as is”. Institutional controls or 

treatment are not provided to reduce the potential for exposure. 

4.2.2 Institutional Controls 

Access controls (e.g., physical barriers) and/or site development restrictions in the NAS Key West 

Master Plan are institutional control options that may be considered for implementation to reduce or 

eliminate pathways or exposure to hazardous substances at the site. Controls could involve the use 

of groundwater monitoring networks and/or groundwater use restrictions and educational programs. 

The application of institutional controls alone does not reduce the volume, mobility, or toxicity of the 

contaminants. Site development restrictions would be implemented in accordance with CNBJAXINST 

5090.2N4 (U.S. Navy, 1997). This instruction has been provided as Appendix E. 
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’ 4.2.3 Treatment 

The treatment response action includes in situ physical, chemical, or biological processes designed to 

reduce the mobility, toxicity, and/or volume of the contaminants present. 

4.2.4 Screeninq Criteria for Corrective MeaSure Technoloqies and Process 

Options 

Corrective measure technologies and process options are screened to eliminate those that are not 

feasible to implement, that rely on technologies unlikely to perform satisfactorily or reliably, or that do 

not achieve the CAOs within a reasonable time. The corrective measure technologies and process 

options are also eliminated based on SWMU 9 site-specific and waste-specific conditions. 

The screening process focuses on eliminating those technologies and process options that have 

severe limitations for a given set of waste-specific and site-specific conditions. l-he screening step 

also eliminates technologies and process options based on inherent technology limitations. Site, 

waste, and technology characteristics that were used as screening criteria are described below. 

Table 4-l provides the identification and screening of technologies and process options for 

, I-i., groundwater. Table 4-2 provides a summary of retained technologies for groundwater. 

4.2.4.1 Site Characteristics 

Site characteristics include an evaluation of RGOs for SWMU 9 or contaminant concentrations to 

identify site conditions that may limit or advocate the use of certain technologies. Technologies and 

process options are evaluated for their. applicability and limitations to site conditions, including 

compatibility with site hydrogeology or soils. 

4.2.4.2 Waste Characteristics 

Waste characteristics may limit the effectiveness or feasibility of technologies. Technologies and 

process options are evaluated for their applicability and limitations to the waste characteristics at the 

site, including contaminant type and concentrations and contaminated media. 
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4.2.4.3 Technology Limitations 

Technology limitations include the level of technology development; performance record; and inherent 

construction, operation, and maintenance problems. Technologies and process options are 

evaluated based on their reliability, performance, and ability to show proof that they work. 

4.3 IDENTIFICATION OF CORRECTIVE MEASURE ALTERNATIVES FOR 

SWMU 9 

This section describes the development of corrective measure alternatives for SWMU 9 considering 

the information provided in the previous sections. Additional site-specific information and 

assumptions are provided in this section to further explain the alternative development process. In 

addition, alternatives are briefly described in this section. A detailed description and an analysis of 

alternatives are provided in Section 5.0. 

Based on the results of the risk assessment in the Supplemental RFVRI, the following assumption 

was used in developing these alternatives. SWMU 9 is located within a restricted access area beside 

an active runway. Only military personnel have access to this location. Because of the restrictive site 

access, residential exposure to contaminants at SWMU 9 is highly unlikely as long as the installation 

is maintained as an active military base. 

The corrective measures alternatives identified from the screening process described above are 

identified and discussed below: 

. No Action 

l Natural Attenuation with Long-Term Monitoring 

l Enhanced Biodegradation with Long-Term Monitoring 

A brief description of each alternative is provided in Sections 4.3.1 through 4.3.3. 

4.3.1 Alternative 1 - No Action 

The No Action alternative maintains the site at status quo. This alternative is retained to provide a 

baseline for comparison to other alternatives and, therefore, does not address the remaining 

contamination of the groundwater. There would be no reduction in toxicity, mobility, or volume of the 
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contaminants from treatment at SWMU 9 other than that which would result from natural dispersion, 

dijution, or other attenuation factors. 

Alternative 2 - Natural Attenuation with Lonq-Term Monitoring 

This alternative consists of two major components: (1) allowing natural attenuation processes to 

remediate the contaminated groundwater at the site and (2) monitoring the contaminant levels and 

natural attenuation parameters at the site by sampling groundwater (quarterly for the first year, and 

annually for the next nineteen years). The sampling would be performed based on Federal and state 

regulations. A reevaluation of the site would be performed every 5 years to determine if any clhanges 

to the controls would be required. 

Groundwater monitoring would include sampling for VOCs and the following natural attenuation 

parameters: dissolved oxygen (DO), carbon dioxide, sulfate, sulfide, and oxidation reduction potentia!. 

Alternative 3 - Enhanced Bioremediation with Lana-Term Monitoring 

This alternative consists of three major components: (1) adding Oxygen Releasing Compound (ORC) 

downgradient from the highest contaminant levels to form an ORC barrier, (2) adding Hydrogen 

Releasing Compound (HRC) at the center of the plume, and (3) monitoring the contaminant levels 

and natural attenuation parameters at the site by sampling groundwater (quarterly for the first year, 

semi-annually for the second year, and annually for the next three years). The sampling would be 

performed based on the Federal and state regulations. A reevaluation of the site would be performed 

after 5 years to determine if any changes to the controls would be required. 

Groundwater monitoring would include sampling for VOCs and the following natural attenuation 

parameters: DO, carbon dioxide, sulfate, methane, sulfide, oxidation reduction potential, alkalinity, 

and chloride. 
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TABLE 4-1 

e PRELIMINARY SCREENING OF REMEDIATION TECHNOLOGIES FOR GROUNDWATER 
F 
B 

CORRECTIVE MEASURES STUDY 

9 
SWMU 9, BOCA CHICA JET ENGINE TEST CELL 

z 
NAVAL AIR STATION KEY WEST, BOCA CHICA KEY, FLORIDA 

TECHNOLOGY 

No Action 

PROCESS 
OPTIONS 

No Action 

DESCRIPTION SCREENING COMMENTS 

GENERAL RESPONSE ACTION: NO ACTION 
No activities proposed at a site to 
address contamination. 

Retained as a baseline for comparison. 

GENERAL RESPONSE ACTION: INSTITUTIONAL CONTROLS 
Physical barrier used to restrict access 1 Only effective in preventing direct contact regarding human exposure. Does not reduce 

OPTION 
RETAINED 

Yes 

No 

Development 
Restrictions I--- Monitoring 

to the site. 
Administrative action used to restrict 

contaminant exposure to ecological receptors. 

future site use as documented in the 
Administrative action issued to prevent direct contact regarding 
reduce contaminant exposure to ecological receptors. 

human exposure. Does not No 

NAS Key West Master Plan. 
Sampling and analysis of environmental 
media to assess contaminant migration 

Effective only to asses contaminant levels on-site and migration off-site. Can be used to 
determine if conditions are changing in order to indicate the need for further corrective 

Yes 

and future environmental impacts. measures. 
Educate public concerning site hazards. Helps to inform the public concerning possible site hazards. However, does not reduce the 

exposure potential for human or ecological receptors. lnfonation for risks can be provided at 
Restoration Advisory Board meetings. 

GENERAL RESPONSE ACTION: TREATMENT 
Physical and chemical degradation 
processes already taking place are 

It has been proven that natural attenuation processes are already occurring at the site, and may 
be adequate to sufficiently treat groundwater contamination. 

No 

Yes 

I 

Soil Flushing”’ 

allowed to continue at the site. 
Uses polymers to selectively adsorb 
molecules from groundwater. 
Involves the injection of air into the 

The Partnering Team decided that this option would not be considered in the CMSSimilar to the 
pump and treat system already installed at SWMU 9. 
The Partnering Team decided that this option would not be considered in the CMS. 

saturated zone to transport 
contaminants into the vadose zone for 

No 

No 

I I 
extraction. 
Enhances the subsurface environment 
by injecting nutrients and oxygen such 
that microbial degradation of organic 
contamination is stimulated. 
Withdraws contaminated groundwater 
and returns treated effluent. 

Would be effective’in treating contamination found in groundwater at SWMU 9. 

Similar to the system already installed at SWMU which was unsuccessful at treating 
groundwater contamination. 

Yes 

No 

(1) 
(2) 

United States Environmental Protection Agency. Guidance for Conductina Remedial lnvestiaations and Feasibilitv Studies Under CERCLA, Interim Final, October 1988. 
Tetra Tech NUS, 1999, Natural Attenuation Studv Results for Solid Waste Manauement Unit 9, prepared for Southern Division, Naval Facilities Engineering Command. 

7 
(3) United States Environmental Protection Agency. Remediation and Characterization Innovative Technoloaies (REACH IT), posted on internet, 1999. 

0 
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TABLE 4-2 
SUMMARY OF RETAINED TECHNOLOGIES FOR GROUNDWATER I 

CORRECTIVE MEASURES STUDY 
SWMU 9, BOCA CHICA JET ENGINE TEST CELL 

NAVAL AIR STATION KEY WEST, BOCA CHICA KEY, FLORIDA 

GENERALRESPONSE 
ACTION 
No Action 

institutional Controls 
Treatment 

TECHNOLOGY 

No Action 
institutional Controls 

Treatment 

PROCESS 
OPTION 
No Action 
Monitoring 

Natural 
Attenuation 

Bioremediation 
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5.0 EVALUATION OF THE CORRECTIVE MEASURE 
ALTERNATIVES FOR SWMU 9 

This section presents a detailed description of each corrective measure alternative developed in 

Section 4.0, the rationale used in evaluating each corrective measure alternative, and the results of 

the evaluation for each specific evaluation standard. The evaluation of corrective measure 

alternatives was conducted in accordance with the EPA RCRA Corrective Action Plan Guidance 

(Final) (USEPA, 1994a). 

5.1 CORRECTIVE MEASURES ALTERNATIVES 

This section describes in detail the corrective measure alternatives developed in Section 4.0. 

5.1 .I Alternative 1 - No Action 

This is a “walk-away’ alternative retained to provide a baseline for comparing the other alternatives. 

. This alternative does not address the remaining groundwater contamination at SWMU 9. 

5.1.2 Alternative 2 - Natural Attenuation with Lens-Term Monitorinq 

This alternative consists of two components, natural attenuation and long-term monitoring. Natural 

attenuation in groundwater systems results from the attenuation mechanisms that are either 

destructive or nondestructive. Biodegradation is the most important destructive attenuation 

mechanism (USEPA, 1997). Chlorinated hydrocarbon plumes, as seen at SWMU 9, have been 

documented to exhibit three types of behavior depending on the nature and extent of contamination, 

available carbon, and the type of electron acceptors available. It appears that the groundwater plume 

at SWMU 9 is exhibiting mixed behavior (Type 1 and Type 2) (TtNUS, 1999b). Benzene, toluene, 

ethylbenzene, and xylenes (BTEX) have been detected consistently in upgradient well S9MW-5, and 

historically in other site wells. Given the general lack of oxygen across the site and the fact that 

BTEX is not readily susceptible to anaerobic degradation, it would follow that BTEX would migrate 

downgradient (TtNUS, 1999b). Since this is not the case, it is likely that the BTEX is being used as 

the primary substrate, or cosubstrate, to drive reductive dechlorination of the chlorinated solvents 

present at SWMU 9 (Type 1 behavior) (TtNUS, 1999b). However, there appears to be an insufficient 

supply of BTEX to promote Type l behavior over a significant area of the plume. The lack of BTEX 

indicates that across the majority of the site, natural organic carbon is being used as the primary 
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substrate to drive reductive dechlorination (Type 2 behavior) (TtNUS, 1999b). Methanogenesis and 

sulfate reduction are the reductive pathways active at the site, Carbon dioxide and sulfate are being 

used as electron acceptors, resulting in the generation of methane, sulfide, chloride, and carbon 

dioxide (TtNUS, 1999b). The natural attenuation process is described in more detail in the Natural 

Attenuation Study Results for SWMU 9 (TtNUS, 1999b). Sections 5.1.2.1 and 5.122 describe Types 

1 and 2 behavior in more detail. 

The second part of Alternative 2 involves long-term monitoring for 20 years. Monitoring samples 
I 

would be collected quarterly for the first year and annually for the next nineteen years from seven 

groundwater sampling locations including well numbers S9MW5, SSMWI 4, S9MW15, S9MW21, 

S9MW22, S9MW24, and S9MW25. Groundwater modeling was performed to determine the time 

required (18 years) for contaminants to degrade to below action levels. The monitoring time is based 

on this groundwater modeling. Appendix C contains the Summary Report for groundwater modeling 

at SWMU 9. Samples taken would be analyzed for VOCs and natural attenuation parameters, 

including dissolved oxygen (DO), carbon dioxide, sulfate, sulfide, and oxidation reduction potential. 

Quality Assurance/Quality Control (QA/QC) samples would also be collected. Every 5 years, a site 

review would be conducted to evaluate the site status and determine whether further action is 

necessary. The site review is required because this alternative allows contaminants to remain at 

levels that exceed action levels. 

5.1.2-l Type 1 Behavior 

Type I behavior describes a chlorinated solvent plume where the primary substrate is anthropogenic 

carbon such as BTEX or landfill leachate. The biodegradation of the anthropogenic carbon source 

drives the reductive dechlorination of the solvent. This is a very efficient process for the 

dechlorination of the more highly chlorinated solvents such as tetrachloroethene (PCE), TCE, and 

DCE. Although vinyl chloride can be reduced anaerobically into ethene and further to ethane, this 

process occurs much more slowly than PCE, TCE, and DCE dechlorination. Therefore, under strictly 

Type 1 behavior, vinyl chloride will tend to accumulate in the source area or along the down gradient 

edge of the plume. 

5.1.2.2 Type 2 Behavior 

Type 2 behavior describes a chlorinated solvent plume where the primary substrate is native organic 

carbon. The biodegradation of the native carbon source drives the reductive dechlorination of the 

solvent. This is very similar to Type 1 behavior but is not as efficient for the dechlorination of the 
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more highly chlorinated solvents. As with Type 1 behavior, vinyl chloride will tend to accumulate in 

the source area or along the downgradient edge of the plume. 

5.1.3 Alternative 3 - Enhanced Biodearadation with Lonq-Term Monitoring 

This alternative consists of two components, enhanced biodegradation and long-term monitoring. 

Enhanced biodegradation would involve adding ORC at various points throughout the site. ORC is 

magnesium peroxide specially formulated for slow and sustained release of molecular oxygen when 
I 

hydrated. Naturally occurring micro-organisms thrive in the oxygen-enriched environment facilitated 

by ORC; these aerobic microbes begin to degrade toxic organic hydrocarbon compounds into 

harmless by-products. An ORC barrier would be set up as shown on Figure 5-l by injecting the 

approximately 1,000 pounds of ORC in borings using DPT. Approximately 60 borings will be needed 

along the ORC barrier line. Calculations performed by an ORC/HRC vendor (Regenesis) to produce 

the quantity of ORC needed are shown in Table 5-1. In addition, HRC would be added at the center 

of the DCE plume. HRC is a polylactate ester specially formulated for slow release of lactic acid upon 

hydration. Bioremediation with HRC is a multi-step process. Indigenous anaerobic microbes 

metabolize the lactic acid released by HRC, and produce hydrogen. The resulting hydrogen can be 

used by reductive dehalogenators which are capable of dechlorinating chlorinated hydrocarbons. 

Approximately 500 pounds of HRC will be added to center of the DCE plume (around SSMW’l5) with 

the same method (DPT) used to inject the ORC. This addition of HRC was recommended by 

Regenesis to expedite the dehalogenation process. 

The ORC/HRC treatment is expected to reduce contaminant levels to below action levels in one to 

two years as seen at other sites. In a similar situation (Hurlburt Field in Fort Walton Beach, FL), a 70 

percent decrease in TCE was seen in the first three months after application (Ochs, 1999) indicating 

a decrease in TCE for this particular site of approximately 4 ug/L per day. However, the release of 

oxygen by the ORC may be accelerated due to carbonate interference from the oolitic limestone 

geologic makeup of SWMU 9. Because of this uncertainty, a treatability study will be perfor,med to 

better define the ability of ORC/HRC to perform in carbonate-enriched soil and groundwater. in 

addition, a major precipitation event resulting in flushing would also accelerate the release of oxygen 

and hydrogen from the compounds. The application of ORC/HRC should be performed during the 

November to July period, which are the months least likely for hurricane or tropical storm flushing, to 

reduce these premature releases as much as possible. 

Baseline conditions will be determined before the application of ORC/HRC takes place. The 

treatability study workplan will address the need to establish these baseline conditions and the 

AIK-99-0357 5-3 CT0 007 



Rev. 2 
1 O/l 9199 

specifics of the sampling event. This baseline event will also be used to calculate how much ORC 

and HRC will actually be used during the treatbility study. 

The second part of Alternative 3 involves long-term monitoring for 5 years. Monitoring samples would 

be collected quarterly for the first year, semi-annually during the second year, and annualfy for the 

next 3 years from groundwater monitoring wells S9MW5, SSMW14, SSMW15, S9MW21, S9MW22, 

S9MW24, and S9MW25 as shown in Figure 5-l. A monitoring period of 5 years was chosen based 

on the rate of dechlorination observed at other sites. The ORC/HRC treatment is expected to reduce 

contaminant levels to below action levels in one to 2 years. Samples taken would be analyzed for 

VOCs and the following natural attenuation parameters: DO, carbon dioxide, sulfate, methane, 

sulfide, oxidation reduction potential, alkalinity, and chloride. QA/QC samples would also be collected. 

After 5 years, a site review would be conducted to evaluate the site status and determine whether 

further action is necessary. 

I 

5.2 EVALUATION STANDARDS 

The corrective measures alternatives were evaluated in accordance with the Guidance for RCRA 

Corrective Action Plan (OSWER Directive 9902.3-2A, USEPA May, 1994a). This section describes 

the specific standards to be used in evaluating each of the corrective measures alternatives. The five 

standards are as follows: 

l Protection of human health and the environment 

l Media clean-up standards 

l Source control 

l Waste management standards 

l Other factors 

-Long-term reliability and effectiveness 

-Reduction in toxicity, mobility, or volume through treatment 

-Short-term effectiveness 
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5.2.1 Protection of Human’Health and the Environment 

Protection of human health and the environment provides an overall evaluation of the remedies that 

would be appropriate for SWMU 9. This standard considers the extent to which the corrective 

measures alternative mitigates potential short- and long-term exposure to residual contamination and 

how the remedy protects human health and the environment both during and after implementation of 

the alternative. In addition, the levels and characterization of contaminants remaining on site, 

potential exposure pathways, potentially affected populations, the level of exposure to contaminants, 

and the associated reduction of exposure over time are considered. For management of mitigation 

measures, the relative reduction of environmental impact for each alternative is determined by 

comparing residual levels for each alternative with the existing criter,ia, standards, and guidelines. 

The ecologicat considerations for this evaluation standard included potential short- and iomg-term 

beneficial and adverse effects of the corrective measure, adverse effects on environmentally sensitive 

areas, and an analysis on how to mitigate adverse effects. 

5.2.2 Media Clean-Up Standards 

The media clean-up standard considers whether the corrective measure alternative would achieve 

the defined CAOs. In addition, this standard includes an assessment of relevant institutional needs 

for each corrective measure alternative. The effects of Federal, state, and local environmental and 

public standards, regulations, guidance, advisories, ordinances, or community relations on the 

design, operation, and timing of each alternative are considered. 

Source Control 

The source control standard evaluates how the corrective measure aiternative addresses the source 

of the release in order to reduce or eliminate, to the extent practicable, further releases that ma.y pose 

a threat to human health and the environment. This criterion addresses whether source control 

measures are necessary and what type of source control actions would be appropriate. In addition, 

any source control measures that are proposed should include a discussion on how well the method 

is expected to work given the site situation and previous experiences with the specific technology. 
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5.2.4 Waste Management Standards 

The corrective measures alternative must comply with applicable standards for the management of 

wastes. This includes a description of how the specific waste management activities would be 

conducted in order to maintain compliance with ail applicable state and Federal regulations. 

5.2.5 Other Factors 

In addition to the first four standards, there are five general factors that are to be addressed as part of 

the evaluation of corrective measure alternatives. The five general decision factors to be considered 

under this standard are: 

l Long-term reliability and effectiveness 

l Reduction in toxicity, mobility, or volume through treatment 

l Short-term effectiveness 

l Implementability 

l cost 

5.2.5.1 Long-Term Reliability and Effectiveness 

Evaluation of the long-term reliability and effectiveness of the alternatives must consider the 

corrective measure alternative performance. Performance considerations include the effectiveness 

and useful life of the corrective measures. The reliability of a corrective measure includes the 

Operation and Maintenance (O&M) requirements and demonstrated reliability. 

5.2.5.2 Reduction in Toxicity, Mobility, or Volume 

This factor includes the ability of the corrective measures to reduce the toxicity, mobility, or volume of 

the contaminants or media through treatment. 

AIK-99-0158 5-6 CT0 007 



Rev. 0 
5/l o/99 

/- m.,, 5.2.5.3 Short-Term Effectiveness 

This factor includes evaluates the effectiveness of the measure in the shot-t term (less than 6 months) 

in comparison to the long-term effectiveness; in particular, it measures potential risks to human health 

and the environment during implementation. 

5.2.5.4 Implementability 

This factor includes the relative ease of installation (constructability) and the time required to achieve 

a given level of response. 

5.2.5.5 cost 

A cost estimate of a corrective measure includes both estimated capital and O&M costs. Capital costs 

include both direct and indirect costs. O&M costs are post-construction activities that may be 

necessary to ensure the continued effectiveness of a corrective measure. 

5.3 EVALUATION OF ALTERNATIVES 

This section presents the final evaluation conducted for each corrective measure alternative based on 

the standards described in Section 5.2. 

5.3.1 Alternative 1 - No Action 

5.3.1 .l Protection of Human Health and the Environment 

Alternative 1 is considered primarily for comparative purposes to the other measures. This alternative 

would not be protective of human health or the environment. COCs would remain in the groundwater 

and potential ecological exposure through intake routes would continue to exist. Contaminant 

concentrations in groundwater may decline through natural attenuation but this process would not be 

monitored. 

Under a no action alternative, the ICR from site contaminants for occupational workers is less than 

1 xl oe6. The calculated risk for occupational workers is 2x10” (B&R Environmental, 1997). The ICR 

from site contaminants for both adult and adolescent trespassers is less than 1~10.~ but would still 

,/ ^h exceed 1x1 Oa6 under the No Action alternative. The cumulative HIS for adolescent trespassers, adult 
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trespassers, maintenance workers, and occupational workers at SWMU 9 are less than 1.0 (B&R 

Environmental, 1997). 

No surface water or sediment contaminants were retained as ecological COCs in the CMS. However, 

migration of groundwater contaminants to sediment and surface water is possible under the No 

Action alternative. 

5.3.1.2 Media-Clean-Up Standards 

Alternative I would not comply with media clean-up standards for groundwater under an industrial 

use scenario. Clean-up standards may eventually be met,, but since no monitoring would be 

performed, compliance would not be documented. 

5.3.1.3 Source Control 

Alternative 1 would not involve source control because no action would be performed at SWMU 9. 

5.3.1.4 Waste Management Standards 

No actions would be implemented for Alternative 1; therefore, no waste would be generated. 

5.3.1.5 Other Factors 

Lonq-Term Reliability and Effectiveness 

Given existing conditions, the current threat to human health would remain because there would be 

no access controls for removal or treatment of the contaminants. Except through decreases by 

natural processes such as advection, dispersion, biodegradation, and adsorption, contaminant 

concentration would remain in the groundwater at SWMU 9 at levels greater than the media clean-up 

standards. Any decrease in contaminant concentrations would not be monitored. 

No long-term management controls would be applied to SWMU 9 under this alternative. Therefore, 

the adequacy and reliability of controls are not applicable. Also, there would be no long-term 

monitoring programs to assess the migration of contaminants from the site. 
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Reduction in Toxicitv, Mobilitv. and Volume Throuqh Treatment 

Alternative 1 would not reduce the toxicity, mobility, or volume of the contaminants through treatment. 

Any reductions of toxicity and volume resulting from natural dispersion, dilution, or other attenuation 

factors would not be quantified because of lack of monitoring. 

Short-Term Effectiveness 

Alternative 1 would involve no action and, therefore, would not pose risks to on-site workers during 

implementation, and no environmental impacts would be expected. This alternative would not involve 

monitoring, and it would never be known if and when any of the CAOs have been achieved. 

Implementability 

Since no actions would occur, this alternative would be readily implementable. The technical 

feasibility criteria, including constructability, operability, and reliability, are not applicable. 

Cost Analysis 

No costs are associated with the No Action alternative. 

5.3.2 Alternative 2 - Natural Attenuation with Lona-Term Monitoninq 

5.3.2.1 Protection of Human Health and the Environment 

Alternative 2 would eventually be protective of human health and the environment. Contarninants 

would remain in the groundwater until they biodegraded via natural attenuation. However, as 

discussed in the HHRA, groundwater was not evaluated as part of the baseline HHRA because it is 

classified as Class G-III, nonpotable, by FDEP. There is very little chance of human contact with 

site groundwater at SWMU 9. There is a possibility that groundwater contaminants will migrate to 

sediment or surface water, impacting the ecology of the lagoon. Monitoring will be performed to 

ensure that this migration is not occurring to a significant extent. Modeling shows that contaminants 

in groundwater will be below action levels in approximately 18 years. if natural attenuation processes 

are ineffective in degrading contaminants, the site will be re-evaluated. 
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5.3.2.2 Media Clean-up Standards 

Alternative 2 would eventually comply with media clean-up standards if natural attenuation continues 

at the present rate and long-term monitoring would determine when compliance has been achieved. 

If, at the end of the monitoring period, contaminant levels do not comply with media clean-up 

standards, additional remediation will be required. 

5.3.2.3 Source Control 

Alternative 2 does not involve source control because natural attenuation would be the remediation 

choice. 

5.3.2.4 Waste Management Standards 

Alternative 2 involves no removal of contaminated media; and therefore, this alternative would not 

generate any wastes (except sampling wastes). 

5.3.2.5 Other Factors 

Lonq-Term Reliabilitv and Effectiveness 

Although no treatment would occur in Alternative 2, the current threat to human health and the 

environment would be reduced and the effectiveness of the alternative in reducing risk would be 

monitored. Environmental concerns would remain from groundwater contaminants migrating to the 

lagoon The natural attenuation alternative would use long-term monitoring to determine whether 

unacceptable risks are posed to ecological receptors. 

Reduction in Toxicitv. Mobilitv, and Volume Throuah Treatment 

Alternative 2 would not reduce toxicity, mobility, and volume of contaminants at SWMU 9 through 

treatment. However, contaminant toxicity and volume would be reduced. 

Short-Term Effectiveness 

Alternative 2 would involve allowing natural degradation at SWMU 9 to continue and monitoring 

contaminant levels and natural attenuation parameters. The short-term risks associated with these 

remedial activities would be minimal. Sampling personnel would wear the required personal 
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protective equipment (PPE) and receive appropriate health and safety training. Because SWMU 9 is 

located on an active military base, there would be no potential risk to the community. 

Implementability 

Alternative 2 is expected to be readily implementable since SWMU 9 is located within a military facility 

where rules and local ordinances can be strictly enforced. Restrictions for.future residential property 

use would involve legal assistance and regulatory approval. Provisions in the NAS Key West Master 

Plan would be defined and enforced relatively easily because the site is located within a Federal 

facility. Sampling and analysis are also readily implemented. 

Cost Analvsis 

The following costs are estimated for Alternative 2. It should be noted that to date, the Navy has 

spent approximately 7.9 million dollars on IRAs at nine sites/SWMUs/Areas of Concern. SWMU 9 

was one the SWMUs where an IRA was performed. 

l Capital Costs: $0.00 

. O&M Costs: $15,00O/yr - $58,500 

l Present-Worth: $236,403 estimated over 20 years 

Detailed cost estimates are included in Appendix D. 

5.3.3 Alternative 3 - Enhanced Biodearadation with Lonq-Term Monitoring 

5.3.3.1 Protection of Human Health and the Environment 

Alternative 3 would be protective of human health and the environment. Contaminants would remain 

in the groundwater until they biodegraded due to the addition of ORC and HRC. However, as 

discussed in the HHRA, groundwater was not evaluated as part of the baseline HHRA because it is 

classified as Class G-III, nonpotable, by FDEP. There is very little chance of human contact with site 

groundwater at SWMU 9. Contamination is expected to be below action levels in less than 5 years. 

If enhanced biodegradation processes are ineffective in degrading contaminants, the site will be re- 

evaluated. 
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5.3.3.2 Media Clean-up Standards 

Alternative 3 would eventually comply with media clean-up standards. If, at the end of the monitoring 

period, contaminant levels do not comply with media clean-up standards, additional remediation will 

be required. However, Alternative 3 is expected to successfully lower contaminant levels to below 

action levels. 

5.3.3.3 Source Control 

Alternative 3 does involve source control. HRC would be applied to the center of the DCE plume 

(highest contaminant levels), and an ORC barrier would be put in place to reduce contaminant levels 

to below media clean-up standards (Figure 5-l). 

5.3.3.4 Waste Management Standards 

Alternative 3 involves no removal of contaminated media, except sampling wastes. However, small 

amounts of waste may be associated with the ORC and HRC injection. Any treatment residuals from 

implementation of this alternative would be sampled and properly disposed of. 

5.3.3.5 Other Factors 

Long-term Reliabilitv and Effectiveness 

Although no media removal would occur in Alternative 3, treating groundwater would reduce the 

current threat to human health and the environment. Contaminant levels would be reduced to below 

media clean-up standards. The use of ORC is well proven and should be effective. The use of HRC 

as a treatment method is a fairly innovative technology, but is expected to be reliable and effective. 

The effectiveness of the alternative in reducing risk would be monitored. Environmental concerns 

would remain from groundwater contaminants migrating to the lagoon. The enhanced biodegradation 

alternative would use long-term monitoring to assess risks to ecological receptors. 

Reduction in Toxicitv, Mobilitv, and Volume Throush Treatment 

Alternative 3 would reduce toxicity and volume of contaminants through treatment by enhancing 

biodegradation processes. 
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+-.~ , Short-term Effectiveness 

Alternative 3 would involve adding ORC and HRC to groundwater at SWMU 9 and monitoring 

contaminant levels and natural attenuation parameters. The short-term risks associated with these 

remedial activities would be minimal. Sampling personnel would wear the required PPE and receive 

appropriate health and safety training. Because SWMU 9 is located on an active military base, there 

would be no potential risk to the community. 

Implementability 

Alternative 3 is expected to be readily implementable since SWMU 9 is located within a military facility 

where rules and local ordinances can be strictly enforced. Restrictions for future residential property 

use would involve legal assistance and regulatory approval. Provisions in the NAS Key West Master 

Plan would be defined and enforced relstively easily because the site is located within a Federal 

facility. Sampling and analysis are also readily implemented. 

Cost Analvsis 

._ 
The following costs are estimated for Alternative 3. It should be noted that to date, the Navy has 

spent approximately 7.9 million dollars on IRAs at nine sites/SWMUs/Areas of Concern. SWIMU 9 

was one the SWMUs where an IRA was performed. 

l Capital Costs: $51,000 

l O&M Costs: $15,50O/yr - $60,500 

. Present-Worth: $183,982 estimated over 5 years 

Detailed cost estimates are included in Appendix D. 
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TABLE 5-l 
CALCULATIONS FOR AMOUNT OF ORC NEEDED 

Dissolved Hydrocarbon Level (ppm) 
Plume Width (ft) 
Plume Velocity (ft/day) 
Thickness of contamination in Saturated Zone (ft) 
Thickness of ORC slurry in Saturated Zone (ft) 
Porosity 
Safety factor for Injection Barriers 
Application Comments 
*ORC per hole is above lower limit of 1 pound per linear foot. 
**Barrier Design should potential handle constant mass flux requirements. 
Hydrocarbon Load per Day (Ibs) 

. 

1 
200 

1 
5 
5 
0.3 

10 

Oxygen Demand Per Day (Ibs) 
Oxygen Required (Ibs) 
ORC Required (Ibs) 
ORC unit Cost 
Total ORC Cost 
Desired Number of Points 
ORC per Hole (Ibs) 
ORC per foot (Ibs) 
Minimum Spacing (ft) 
Solids Content (%) 
Water per Hole for Slurry (gal) 

Solute Transport Model 
Compliance Point (ft) 
Ratio of 02 provided: 02 required (%) 
HC Level at compliance point (ppm) 

*Calculations were obtained directly from an ORC/HRC vendor (Regenesis). 

0.187 
0.561 

101.0 
1,010 

$10.00 
$10,100.00 

59 
17.1 

3.42 
3.4 

40 
3.08 

35 
75 

0.213 
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6.0 RECOMMENDATION OF THE FINAL CORRECTIVE MEASURE 

6.1 INTRODUCTION 

This section presents a comparison of the corrective measure alternatives in Section 5.0 for each 

evaluation standard. The standards for comparison are identical to those used for the detailed 
1 

analysis of individual alternatives. 

The following corrective measure alternatives are being compared in this section: 

l Alternative 1 - No Action 

l Alternative 2 - Natural Attenuation with Long-Term Monitoring 

l Alternative 3 - Enhanced Biodegradation with Long-Term Monitoring 

/- 
6.2 COMPARATIVE ANALYSIS OF ALTERNATIVES 

A corrective measure alternative is selected based on a comparison between the alternatives using 

the standards presented in the detailed analysis in Section 5.0. This section presents a comparative 

discussion of the corrective measure alternatives versus the evaluation standard. 

6.2.1 Protection of Human Health and the Environment 

Groundwater is not a human health concern at SWMU 9 since it has been classified as Class. G-ill, 

nonpotable, by FDEP. No human health COCs were selected in the HHRA. Although ecological 

receptors are not exposed to site groundwater, receptors could become exposed through migration of 

groundwater contaminants to surface water and sediment in the nearby inlet. Groundwater RGOs 

have been developed based on sediment and surface water contaminant concentrations protective of 

ecological receptors. Based on the November 1998 sampling event, there were no contaminant 

concentrations in excess of groundwater RGOs. The November 1998 contaminant levels are 

significantly lower than previously detected levels due to a major precipitation event in September 

1998. Since contaminant levels at SWMU 9 are likely to fluctuate, the potential for contaminants to 

exceed groundwater RGOs and expose ecological receptors to unacceptable risk does exist. There 

would be a progressive reduction of risks to aquatic receptors as corrective measures become more 

Al K-99-0357 6-1 CT0 007 



Rev. 0 
5/l o/99 

aggressive, Alternative 3 being the most aggressive alternative. Alternatives 2 and 3 would 

incorporate a monitoring program consisting of periodic sampling of groundwater at SWMU 9. The 

long-term monitoring program would verify or refute the expectation that groundwater contaminant 

concentrations will decrease over time, reducing the risks to ecological receptors. 

l Alternative 1 may reduce the current potential risks to the environment, but the extent of this 

reduction, if any, would remain unknown. 

l Alternative 2 would reduce the risk to the environment. Groundwater contaminant concentrations 

would decrease over time, reducing the risk to ecological receptors. Monitoring of the 

contaminants would be performed to ensure that degradation is taking place. 

l Alternative 3 would reduce the risk to the environment from contaminants present in groundwater. 

This alternative would aggressively treat the contamination in the groundwater resulting in 

reduction of contaminant concentrations below action levels. 

Media Clean-Up Standards 

This standard considers whether the corrective measure alternative will achieve the Media Clean-Up 

Standards. In addition, this standard includes an assessment of relevant institutional needs for each 

corrective measure alternative. The effects of Federal, State of Florida, and local environmental 

regulations are also considered. 

l Alternative 1 may eventually comply with Media Clean-Up Standards. However, due to the lack 

of monitoring, this would never be verified. 

l Alternative 2 would eventually comply with Media Clean-Up Standards. Monitoring would be 

performed to determine the effectiveness of Alternative 2, which would rely on natural attenuation 

to degrade contaminants in the groundwater. 

l Alternative 3 would comply with Media Clean-Up Standards for groundwater. ORC and HRC 

would aggressively treat groundwater contamination, reducing levels to below action levels. This 

alternative would monitor the potential for groundwater to migrate and adversely impact the 

sediment and surface water. 
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,,- .-.-. 6.2.3 Source Control 

This standard evaluates the corrective measure alternatives for control of the source of contamination 

to reduce or eliminate further releases that may pose a threat to human health and the environment, 

to the furthest extent possible. This standard addresses whether source control measures are 

necessary and what type of source control actions would be appropriate. 

l Alternative 1 does not include source control measures. 

l Alternative 2 does not include source control measures. Contaminants would be allowed to 

degrade via natural attenuation. However, natural attenuation is not targeted towards the source 

of contamination. Alternative 2 would monitor the effect of natural attenuation on groundwater 

contaminant levels. 

l Alternative 3 includes source control measures for contaminated groundwater. The contaminant 

source would be treated, providing protection of the environment. Alternative 3 would monitor the 

effect of the treatment on groundwater contaminant levels. 

6.2.4 Waste Manaqement Standards 

The corrective measure alternative must comply with applicable standards for the management of 

wastes. This standard includes a description of how the specific waste management activities will be 

conducted in order to maintain compliance with all applicable state and Federal regulations. 

l Alternative 1 does not include removal of any waste materials; therefore, the management of 

waste material standards does not apply. 

l Alternatives 2 and 3 will include removal of sampling waste materials. Alternative 3 may produce 

wastes through implementation of the alternative. The wastes will be sampled and pl:operly 

disposed of. 

6.2.5 Long-Term Reliability and Effectiveness 

Long-term reliability and effectiveness of the corrective measure alternatives evaluation includes an 

assessment of useful life, operation and maintenance requirement, and demonstrated reliability. 
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l Alternative 1 would allow for the ecological residual risks to remain in the long term. However, 

risks to ecological receptors would reduce over time. 

l Alternative 2 would allow contamination at SWMU 9 to degrade via natural attenuation over an 

extended period of time. ,Risks to ecological receptors would be reduced over time. This 

alternative would monitor long-term effects of natural attenuation on the environment. 

l Alternative 3 would treat contaminated groundwater and is considered reliable and protective of 

the environment in the long-term. 

Reduction in Toxicity, Mobility, or Volume of Wastes throuqh Treatment 

This standard includes the ability of the corrective measure to reduce the toxicity, mobility, or volume 

of the contaminated media through treatment. 

l Alternative 1 does not include treatment; therefore, no reduction through treatment in the toxicity, 

mobility, or volume would be achieved. 

l Alternative 2 is natural attenuation, which includes relying on natural processes already taking 

place to treat contamination in groundwater. Biodegradation of the contamination would not 

reduce the toxicity, mobility, and volume of groundwater contamination at SWMU 9 through 

treatment. However, contaminant toxicity and volume would be reduced. Monitoring would take 

place to ensure that natural attenuation is successfully lowering contaminant levels. 

. Alternative 3 would treat contaminated groundwater using both ORC and HRC. This treatment 

technology provides for a reduction in the toxicity, mobility, and volume of contaminants in the 

groundwater. 

6.2.7 Short-Term Effectiveness 

This standard includes an evaluation of the potential effects to the workers and community during 

implementation of the corrective measure. This standard is not applicable to Alternative I - No 

Action. 

l No significant risks are anticipated for Alternatives 2 and 3, other than the minimal short-term risk 

to workers during sampling activities, and addition of ORC and HRC to groundwater for 
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Alternative 3. Monitoring will continue until results adequately demonstrate to the EPA and FDEP 

that protection of the environment is achieved. 

6.2.8 lmpiementability 

This standard includes consideration of the relative ease of implementation, availability of equipment 

and services, the technical complexity of the process, and the ability to obtain required permits. The 

time needed to complete each corrective measure alternative is also provided. This criteria is not 

applicable to Alternative 1 - No Action, 

l Alternative 2 involves monitoring natural attenuation processes and contaminant levels in 

groundwater. This alternative is considered readily implementable. Monitoring will continue until 

results adequately demonstrate to the EPA and FDEP that protection of the environrnent is 

achieved. The estimated time required for natural attenuation to reduce contaminant levels to 

below action levels is 18 years. 

l Alternative 3 includes treatment of groundwater contamination using a mixture of ORC and HRC. 

Using ORC as a treatment technology is considered readily implementable. HRC is a more 

innovative technology, but is expected to successfully treat the source of contamination at :SWMU 

9. This alternative includes monitoring of groundwater until results adquately demonstrate to the 

USEPA and FDEP that protection of off-site residents and the environment is achievecl. The 

estimated time required until contamination is below action levels is less than 5 years. 

6.2.9 Cost 

A cost estimate for each of the corrective measures includes both capital, operation, and 

maintenance costs. Capital costs include both direct and indirect cost. Operation and maintenance 

costs are post construction activities, which are necessary to ensure the continued effectiveness of a 

corrective measure. Cost calculations are included in Appendix D. 

Alternative Capital ($) 1 Operating ($/year) 1 Present Worth ($)I 

1 0 0 0 

2 0 15,000-57,000 235,000 3 51,000 15,500-60,500 183,982 : I I 
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6.3 SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES 

Table 6-1 provides a table summarizing the comparative analysis of the corrective measure 

alternatives for the three alternatives based on the results of the evaluation presented in Section 6.2. 

6.4 RECOMMENDED CORRECTIVE MEASURE ALTERNATIVE 

The recommended alternative for this site is Alternative 3 - Enhanced Bioremediation with Long- 

Term Monitoring. This alternative would treat contamination in groundwater and perform groundwater 

monitoring to determine the effectiveness of the corrective measure alternative. If the alternative is 

not found to be protective of the environment, then another alternative should be considered. 

However, Alternative 3 is the most aggressive alternative being considered in this CMS and is 

expected to effectively treat groundwater contamination. 
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TABLE 6-1 

SUMMARY OF COMPARATIVE ANALYSIS OF CORRECTIVE MEASURE ALTERNATIVES 
SWMU 9 

NAS KEY WEST, BOCA CHICA KEY, FLORIDA 
Page 1 of 2 

Alternative 1: Alternative 2: Natural Attenuation with Long- 
No Action Term Monitoring 

Protection of Human Health and the Environment 

Alternative 3: Enhanced Bioremediation 
with Long-Term Monitoring 

1 May be protective of human health and 1 Would eventually be protective of human health and Would be orotective of human health’and the / 
risks to the environment, but risks the environment by allowing contamination to 
would be unknown since no monitoring degrade via natural attenuation. Alternative 2 would 
will take place. monitor the contamination and attenuation process 

environment by treating contamination in 
groundwater and monitoring contaminant 
levels. 

I 1 in the environment ensuring this protection. 
Media Clean-up Standards 
Would not comply with media clean-up Would eventually achieve groundwater clean-up Would comply with media clean-up standards. 
standards. standards if natural attenuation continues at the Monitoring would be performed to ensure that 

Alternative 3 meets these standards. 

Source Control 
No new source control would be 
implemented. 

Does not include source control because the 
groundwater contaminants would be allowed to 
degrade via natural attenuation. 

The contaminant source would be treated. 

Waste Management Standards 
No standards applicable as no waste Any waste generated from ‘sampling activities would Waste from sampling and implementation 
will be generated. be sampled and properly disposed of. would be sampled and properly disposed of. 
Long-Term Reliability and Effectiveness 
No control would be in place; residual Long-term effectiveness of this alternative is easily This alternative would be effective in the long- 
contamination and existing risks would measured with monitoring to assess the decrease of term by treating the contaminated 
remain. contamination in the environment. groundwater, and would monitor the effects of 

1 this treatment. 
Reduction in Toxicitv. Mobilitv. or Volume through Treatment 
This alternative involves no treatment This alternative involves allowing natural 
to reduce toxicity, mobility, or volume biodegradation of contamination to take place, 
of the contaminated media. which would not reduce toxicity, mobility, and 

volume of the contaminated groundwater through 
treatment. However, contaminant toxicity and 
volume would be reduced through natural 
processes. 

Alternative 3 would treat contaminated 
groundwater. This treatment technology 
provides for a reduction in toxicity and volume 
of contaminants in groundwater. 



TABLE 6-l 

SUMMARY OF COMPARATIVE ANALYSIS OF CORRECTIVE MEASURE ALTERNATIVES 

Lr SWMU 9 
F 
F 

NAS KEY WEST, BOCA CHICA KEY, FLORIDA 

8 
Page 2 of 2 

2 
Alternative 1: Alternative 2: Natural Attenuation with Long- Alternative 3: Enhanced Bioremediation 

No Action Term Monitoring with Long-Term Monitoring 
Short-term Effectiveness 
This alternative does not reduce risk of No significant risks are anticipated in the short-term, No significant risks are anticipated in the short- 
exposure to contamination and would other than the minimal risk to workers during term, other than the minimal risk to workers 
not pose any new risk during sampling activities. during sampling and ORWHRC injection 
implementation. activities. 
Implementability 
Readily implementable since no action Easily implementable, since monitoring would be Easily implementable. Vendors are readily 
would occur. the only activities performed on site. 

I 
available and the remediation technology is 

j well proven. 
Cost (Total Present Worth) 

$0.00 I $236,403 $183,982 

? Alternative 1 - No Action 
W Alternative 2 - Natural Attenuation with Long-term Monitoring 

Alternative 3 - Enhanced Biodegradation with Long-term Monitoring 
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APPENDIX A. RESPONSE TO COMMENTS 

CORRECTIVE MEASURES STUDY FOR SOLID WASTE MANAGEMENT UNIT 9, BOCA 
CHICA JET ENGINE TEST CELLFOR NAVAL AIR STATION, KEY WEST, FLORIDA 

RESPONSE TO COMMENTS FROM JORGE CASPARY, FDEP: 

Comment 1: Page 5-3, Alternative No. 3: it is unclear where the 1,000 and 500 pounds of ORC 

and HRC that will be needed to dehalogenate the plume came from. If there are mass 

calculations that indicate that such quantity is adequate to treat the mass of chlorinated solvents, 

please attach them to the CMS; otherwise, please indicate case studies/specific references of 

ORC/HRC utilization that have achieved MCLs. 

Response: The amount of ORC and HRC recommended for use for Alternative 3 was obtained 

from a vendor (Regenesis). Calculations used to determine these quantities will be included in 

Rev. 1. 

,, - ‘1 Comment 2: Page 5-3, Alternative No. 3: please indicate the expected rate of dechlorination 

achieved by ORC/HRC. The text mentions a total of 5 years of monitoring. Is this the time frame 

that the proposed remedial system is expected to achieve MCLs? Or a percentage reduction 

coupled with monitoring/natural attenuation until year 20 is the objective? 

Response: Based on a similar site (Fort Walton Beach on the Gulf of Mexico) with TCE levels at 

500 ppb, a 70% reduction in the TCE level was seen in the first three months. The remedial 

system is expected to reduce contaminant levels to below action levels in one to two years. A 

monitoring time of five years was assumed to be conservative. 

Comment 3: Has the feasibility of utilizing the HRC in highly carbonate-enriched waters been 

investigated? The buffering capacity of carbonate enriched waters may not produce the expected 

dehalogenation objectives. Also, what is the effect of severe hydraulic flushing on these 

compounds? Will additional quantities of the material be needed if a large storm event hits the 

area? 

,/ -- 

Response: HRC will not be affected by carbonate interference since it is an organic. However, 

ORC may be affected. From work done on brackish groundwater, it has been determined that 

the release of oxygen is accelerated. A treatability study will be performed to better define the 

ability of ORC/HRC to perform in carbonate-enriched soil and groundwater. 
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Heavy storm conditions resulting in flushing would also speed the release of oxygen and 

hydrogen. It is recommended that the application of ORC and HRC not occur during hurricane 

season to reduce premature releases as much as possible since flushing could occur during a 

significant storm, which may have a detrimental impact on the dehalogenation process. 

Comment 4: While the NA study recommended four alternatives, was restarting the pump and 

treat system (which apparently had reduced TCE to 37 pg/L) considered? Can the ORC/HRC 

compound be injected utilizing the horizontal well installed as part of the pump and treat? 

Depending on the status of the system, and given the fact that TCE is absent, the capital cost of 

restarting the pump and treat system plus 0 & M and groundwater monitoring for a limited 

amount of time would probably have been an economic alternative. 

Response: In order to restart the pump and treat system at SWMU 9, the system would have to 

essentially be rebuilt to replace the system components that are not functional at this time. 

Capital costs for rebuilding the system would make the alternative economically infeasible. 

The horizontal infiltration gallery could not be utilized for distributing the ORC/HRC since it is 

located to the east of the plume. 

Comment 5: Based on the May 1998 sampling event, it appears that TCE rebounded after 

shutting down the pump and treat system (from 37 to 350 us/L). However, the November 1998 

sampling event shows that only cis and trans-DCE are the constituents of concern. A new round 

of sampling and analysis of groundwater, coupled with the requested information from comments 

1 and 2, would provide a more definitive set of data to justify the selected alternative. 

Response: The treatability study workplan will address the need to establish baseline conditions 

just prior to the treatment of groundwater with ORC/HRC. This baseline sampling event will also 

be used to calculate how much ORC/HRC will actually be used during the treatability study. 

Comment 6: The economic analysis presented in Appendix D is confusing. For instance, the 

estimated cost of item Natural Attenuation with Long Term Monitoring Analysis for Year 1 is 

$4,500. The same item cost for Alternative 3 is $8,000. 

Response: The estimated analysis cost for Alternative 2 for Year 1 will be changed to $6,000 

($1,500 per sampling event with four events the first year). For Alternative 3, Bioremediation, the 

analysis cost per sampling event is higher ($2,000) because an additional parameter (methane) is 
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analyzed at the contracted laboratory making the total cost for monitoring the first year (four 

sampling events) $8,000. 

Comment 7: For Alternative 3, only the Present Worth (PW) cost until year 5 is presented; 

however, the previous indicates that $20,000 will be spent every five years until year 20. As in 

Alternative 2, this cost should also be part of the PW calculation. 

Response: The monitoring period for Alternative 3 is 5 years. The annual cost tab/e for 

Alternative 3 should say that an Analysis Review will be performed for year 5 only, resulting in a 

$20,000 cost for that year. Therefore, the Present Worth calculations are correct to calculate 

present worth up to year 5. 
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RESPONSE TO COMMENTS FROM T. BALLARD, EPA REGION 4 

Comment 1: Page 2-4, Paragraph 1 - I concur that the decreases seen in November 1998 

sampling results are probably temporary. The increase in S9MW-15 from 53 parts per billion 

(ppb) VOC to 5,650 ppb, subsequent to shutting off the pumps, will probably be mirrored in a 

recovery of concentrations after the hurricane’s effects pass. 

Response: Comment noted. 

Comment 2: Page 2-8, Paragraph 4 - were the HQs referenced here derived from comparison of 

RBCs to the one sample in which the contaminants were detected, or to the UCL 95? For soils, 

the latter is probably more representative of exposure to a receptor. 

Response: A particular exposure concentration (not the 95% UCL) was compared to the 

ecological threshold in order to characterize potential risk to ecological receptors of concern from 

contaminant exposure. For additional information, see Section 3.3 in Appendix G of the RF//RI 

Report for High-Priority Sites. 

Comment 3: Figure 2-2 - Needs a date on the figure for which the data were collected. Also, 

there should be a GW elevation map for each sampling event. 

Response: Concur. A date will be added to Figure 2-2. A figure depicting groundwa ter 

elevation data for the November 1998 sampling event will be added. 

Comment 4: Figure 2-4 - For well S9MW2 - please check the data. All contaminants shown 

here have the same concentration. 

Response: The data have been rechecked. This is the correct data reported from the 

laboratory. These data were qualified with an ‘x’ qualifier by the analytical laboratory. The 

information packages procured from the laboratory during this phase of investigation did not 

include any additional information regarding these data or any data validation. 

Comment 5: Page 3-2, fourth bullet - Revise to reflect the correct definition of relevant and 

appropriate, as explained in either the NCP or in the RI/FS guidance. 

Response: Concur. The text will be changed. 
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-c-“-w Comment 6: Page 3-I 1, second paragraph - just a question based on my newness to the site - 

were the new action levels adopted by the Team vetted in any way for appropriateness as 

ecological screening criteria? It seems we went from a more stringent to a less stringent set of 

criteria, with no explanation other than that the Team adopted them. 

Response: Since 1996, the ARAR/SAL criteria have been refined during the intensive DQO 

process undertaken by the Team as part of the BRAC activities at NAS Key West. The DQO 

process and BRAC action levels are addressed in the Site Inspection Workplan for Ten BRAC 

Properties. Sediment and surface water action levels were developed with ecological exposure in 

mind. In addition, the potential ecological effects caused by migration of groundwater to sediment 

surface water have been accounted for during the data analyses performed at SWMU 9. 

Comment 7: Page 3-l 3, paragraph 2 and 5 - same comment as #6. 

Response: See response for Comment number 6. 

Comment 8: Page 3-16, last sentence in Section 3.4 - I don’t see RGOs clearly discussed in 

Section 3.3. The criteria they must meet are discussed. Table 3-2 has the numerical RGOs. 

Response: Section 3.3 explains that the development of cross-media RGOs for groundwater ,is 

presented in Appendix C. Cross-media RGOs were ‘developed for groundwater because no 

direct exposure pathway exists at SWMU 9 for chemicals in groundwater. Section 3.3.1, a 

subsection of Section 3.3, describes in more detail how groundwater RGOs protective of 

sediment and surface water were developed using groundwater modeling. 

Comment 9: Section 3.5.1. Does the plume volume calculation take into account desorption of 

VOCs from potentially NAPL-saturated areas of the porous limestone? If not, this analysis may 

significantly underestimate the volume of contaminated ground water that will have to be 

remediated. 

Response: Surface and subsurface soil has been sampled in the plume area. The relatively low 

levels of chemicals of concern (CoCs) consistently detected in soil and groundwater over the past 

5 years suggest a low probability that NAPL-saturated areas exist to any significant extent at 

SWMU 9. Therefore, the plume volume calculation is assumed to be accurate. 
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1.0 INTRODUCTION 

1.1 PURPOSE AND SCOPE 

Tetra Tech NUS Inc. (TtNUS, formerly Brown & Root [B&R] Environmental) has prepared Resource 

Conservation and Recovery Act (RCRA) documents for the 14 Environmental Navy Restoration Account 

(ENRA) sites at Naval Air Station (NAS) Key West including the Solid Waste Management Unit (SWMU) 9 

Former Jet Engine Test Cell. TtNUS performed this SWMU 9 study on behalf of the United States Navy, 

Naval Facilities Engineering Command, Southern Division (SouthDiv) under the Comprehensive Long- 

Term Environmental Action Navy (CLEAN) Contract Number N62467-94-D-0999, Contract Task Order 

007. In 1996, B&R Environmental collected field data at SWMU 9 in accordance with the Supplemental 

RCRA Feasibility Investigation/Remedial Investigation (RFVRI) Workplan and Sampling and Analysis Plan 

(SAP) prepared by ABB Environmental Services Inc., dated December 6, 1995. The RFI data was 

compiled with data from previous investigations performed at the site, including the 1994 Contamination 

Assessment Report (ABB, 1994) and the 1995 Groundwater Evaluation (BEI, 1995a), in order to prepare 

the RFI/RI Report. 

Based upon recommendations provided in the Groundwater Evaluation, a pump and treat system design 

was designed, installed in 1996, and operated for 1 year. This interim remedial action paralleled the 

TtNUS Supplemental RFI/RI investigation at the site. Low concentrations of three chlorinated solvents 

(e.g., trichloroethene, cis 1,2 dichloroethene, and trans I,2 dichloroethene [1,2-DCE]) and benzene were 

observed during the monthly sampling of the recovery wells. 

The NAS Key West Partnering Team held several discussions concerning remedial alternatives that could 

be implemented to take advantage of monitored intrinsic bioremediation and natural attenuation 

processes at the site.’ Based upon the delineation of the site, the appreciable decline in contaminants 

levels (primarily chlorinated solvents and benzene, toluene, ethylbenzene and xylenes BTEXs) from 1993 

to 1996, and the low recovery rate of chlorinated solvents by the pump and treat system, the Partnering 

Team thought that the groundwater cleanup standards could be achieved through monitored natural 

attenuation. In April 1998, a study was proposed to primarily identify the natural attenuation processes 

that exist at the site. The groundwater sampling event was conducted at SWMU 9 on May 13 to 15, 1998. 

Upon completion of the May natural attenuation study, it was determined that a more intensive 

groundwater sampling effort was needed to refine the natural attenuation study, and to determine if they 
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were sufficient to be protective of the onsite lagoon. The second sampling event was performed 

November 20 to 22, 1998. 

1.2 INVESTIGATION HISTORY 

A contamination assessment report (CAR) was performed at SMWU 9 by ABB Inc. from October 1993 

through February 1994 (ABB, 1994). The Groundwater Evaluation was performed by Bechtel 

Environmental, Inc. from January through September 1995 (BEI, 1995a). In 1996, a Supplemental RFI/RI 

was conducted by Brown & Root Environmental in accordance with Hazardous and Solid Waste Act 

(HSWA) Permit No. FL6-170-022-952, issued by the U.S. Environmental Protection Agency (EPA). A 

Corrective Action Management Plan (CAMP) has been prepared by ABB Inc. to describe the stra,tegy for 

implementing the RCRA Corrective Action Plan at NAS Key West (ABB, 1995a). 

In January 1996, TtNUS implemented the Supplemental RFI/RI SAP in accordance with the regulatory- 
I 

approved planning documents (ABB, 1995b) at SWMU 9. The RFI/RI included chemical and toxicological 

analyses to calculate risks to human health and ecological receptors. A limited validation effort was 

performed on the analytical data collected by TtNUS. The data provided in the Contamination 

Assessment Report (ABB, 1994) and Groundwater Evaluation (BEI, 1995a) were also used to assess risk 

at the site. In July 1996, a groundwater pump and treat system was installed at SWMU 9. The system 

operated at the site from July 1996 to June 1997. 

1.3 ORGANIZATION OF REPORT 

This Natural Attenuation Report has five sections and three appendices. Section 1 provides this brief 

purpose, scope, and investigative history of SWMU 9. Section 2 provides the background information on 

SWMU 9 including site geology and hydrogeology, and historical nature and extent of contamination. 

Section 3 provides the investigative activities performed during the May and November sampling events at 

SWMU 9. Section 4 provides the nature and extent of Volatile Organic Compound (VOC) contamination 

in groundwater and the natural attenuation sample results from the May and November sampling Ievents. 

Section 5 provides a discussion of the summary and conclusions, and recommendations for future 

activities at SWMU 9. 
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2.0 SITE BACKGROUND INFORMATION 

2.1 SITE BACKGROUND 

SWMU 9, the Former Jet Engine Test Cell site, is associated with Building A-969, and is located in the 

northeastern portion of the Boca Chica Airfield (Figure 2-l). Beginning in 1969, the site was used for the 

testing of recently-repaired jet engines. No other known activities were conducted near the site. Jet 

engine testing activities were performed under a canopy in the middle of a circular concrete pad 

approximately 60 feet in diameter, in the central part ,of the site. The concrete area that extends east of 

the canopy was also used for jet engine testing activities. Jet blast deflectors are located at the ends of 

two concrete pads (100 feet and 80 feet long, respectively) that connect with the north and northeast 

portion of the circular concrete pad. The jet engines were fueled from a bermed, S,OOO-gallon 

aboveground storage tank (AST) containing JP-5 fuel that was in use from 1987 through 1995. Building 

A-969 is 50 feet southeast of the testing area. A small shed at the eastern end of the concrete pad was 

used to store various equipment, oils, and jet fuel. Gas path cleaners also were stored on the eastern 

side of the shed. An asphalt parking area extends from these structures to the asphalt road. In addition, 

a switch house, air tanks, voltage box, and the S,OOO-gallon AST are adjacent to the southwestern edge of 

the circular pad. A strip of mowed grass approximately 30 feet wide surrounds the east and west ends of 

the site. A narrow strip of red mangroves is located along the shoreline north of the site.. 

In January 1989, a fuel filter system leak and released approximately 700 gallons of JP-5 fuel on the west 

side of the AST. Approximately 600 gallons of the spilled fuel were pumped from puddles during initial 

remediation activities. The observed maximum depth of soil contamination was two inches. About 10 

cubic yards of contaminated soil were excavated and removed from the spill site, which underwent 

weathering treatment for decontamination in accordance with State of Florida guidelines for petroleum- 

contaminated soils. An overturned lubrication oil drum and stained soil was observed by ABB in a small 

area adjacent to the northwest edge of the circular pad in November 1992 (ABB, 1994). 

2.2 SITE CONDITIONS 

Following is a brief description of the site history and background relevant to the natural attenuation study. 

Additional site background details can be found in the previously prepared Contamination Assessment 

Report (ABB, 1994), Groundwater Evaluation Report (BEI, 1995a), and Supplemental RFVRI Report 

(B&RE 1997). 
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The subsections summarize the physical characteristics of the site relevant to the natural attenuation 

study. Although the information presented in this section duplicates much of the data presented in 

previous reports, a discussion of the geology, hydrogeology, and historical extent of contamination is 

critical to understanding the study objectives for this site. Additional details concerning the physical 

characteristics of the site can be found in the previously referenced Contamination Assessment Report 

(ABB, 1994), Groundwater Evaluation Report (BEI, 1995a), and Supplemental RFVRI Report r(B&RE, 

1997). 

2.2.1 Geologv of the Lower Florida Kevs 

The lower Keys, which are within the southern or distal geomorphic division of Florida, were formed during 

the Pleistocene era. Referred to as the “Oolite Keys,” they are underlain by the Oolitic Member (Miami 

Oolite) of the Miami Limestone. The Oolitic Member consists of variably sandy, fossiliferous limestone 

composed primarily of ooids. In the lower Keys, the Oolitic Member consists of very fine to coarse sand- 

size, spherical carbonate grains and slightly sandy to very sandy, well- to moderately well-consoilidated 

micritic calcite. The Miami Oolite conformably overlies the Key Largo Limestone, a geologic unit 

consisting of light gray to light yellow coralline limestone comprised of coral heads encased in a matrix of 

calcarenite. The Miami Oolite is approximately 27 feet thick. The Key Largo limestone is greater than 

II -rC\ 270-feet thick in the western portion of Key West (ABB,1994). 

2.2.2 soils 

Undisturbed soil in the Keys consists of shallow marl over limestone with the substrate rock outcropping at 

the surface. Many areas of the Florida Keys, have been filled and graded. The soils on Boca Chica Key 

are primarily rockland with some filled areas and mangrove swamps. Other major soil groups on Boca 

Chica Key are Uthorthents, which consist of gravely sand and marl, and Cudjoe, which consists of marl 

and weathered bedrock (ABB, 1995a). 

2.2.3 Hvdroaeoloqy 

2.2.3.1 Hydrogeology and Water Quality 

The surficial aquifer system that occurs in the lower Keys consists of the Oolitic Member, which is very 

porous and highly permeable due to the dissolution of carbonate by groundwater as it recharges the 

aquifer system. The aquifer is tidally controlled and fluctuates constantly. It is extremely porous, and 

solution holes and caverns are ubiquitous. The Tamiami Formation lies below the Key Largo Limestone 

unit, between 300 and 900 feet below land surface (bls). The formation contains mineralized water that 
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does not meet Florida drinking water standards. Underlying the Tamiami Formation are the Hawthorn and 

Tampa Formations, which together act as an aquiclude confining the underlying limestone units. Below 

the confining units of the Hawthorn and Tampa Formations is the Suwannee Limestone, a fossiliferous 

limestone representing the top of the water-producing zone in the Florida Keys. The water is of adequate 

quality for drinking after treatment. The Avon Park Limestone is 1,300 feet bls and, although it has a 

higher transmissivity than the Suwannee Limestone and supplies large quantities of drinking water in 

central Florida, the quality of water from this formation is poor in the Florida Keys (ABB, 1995a). 

2.2.3.2 Groundwater 

The unconfined surficial aquifer consists of the highly permeable Miami Oolite, which allows recharge from 

rainfall to seep quickly to the ocean and saltwater to intrude easily into the aquifer. The surficial aquifer is 

the principal aquifer of concern in Key West because of its use as a potable water resource to a limited 

.extent (although not at NAS Key West) and because it is a groundwater-to-surface-water contaminant 

migration route. The water table ranges in depths from 0.8 to 2.4 feet below mean sea level (msl) at the 

center of Key West and from 0.4 to 2.2 feet below msl near the coast. The water table fluctuates diurnally 

because of tidal effects. Tidal influence has been measured at a maximum of 0.55 feet. According to the 

tidal influences study at SWMU 9 (November 1993), “Tidal fluctuations result in a temporary change in 

water table gradient; however these fluctuations are not expected to cause any noticeable horizontal 

migration of the contaminant plume.” Head differentials associated with tidal variations near the shore can 

further accelerate groundwater movement in the area. A reconnaissance water-quality sampling study 

completed in 1990 by the U.S. Geological Survey in cooperation with the South Florida Water 

Management District indicates that the freshwater lens contains nonpotable water (ABB, 1995a). 

The State of Florida classifies groundwater in unconfined aquifers that have a total dissolved solids 

concentration of 10,000 milligrams per liter (mg/L) or greater as Class G-III (nonpotable water). There are 

no freshwater public or registered domestic wells on NAS Key West (ABB, 1995a); however, surficial 

aquifer wells are reportedly in use by domestic residences on Boca Chica and Key West for nonpotable 

uses such as flushing water. The known use (laundry water) on Boca Chica is over one mile to the south 

of SWMU 9. The freshwater lens averages 5 feet thick below the center of the western half of Key West. 

The lens contains between 20 and 30 million gallons of fresh water, depending on the season. Underlying 

the freshwater lens is a 40-foot transition zone of brackish water (ABB, 1995a). 

2.2.4 Historical Nature and Extent of Contamination 

Fuels, oils, and solvents previously stored at the Former Jet Engine Test Cell were potential sources of 

contamination (Figure 2-2). Several fuel spills have been documented, and VOC and semi-volatile 
I 
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,- ^1 organic compound (SVOC) fuel constituents were detected as groundwater contaminants. Chlorinated 
I 

VOCs also were frequently detected groundwater contaminants; however, the three solvents reportedly 

used for cleaning and degreasing at the site did not contain chlorinated constituents. Low concentrations 

of these same VOC and SVOC contaminants were found in soil, but metals and inorganics are the 

primary soil contaminants. Surface-water and sediment contaminants at the shoreline on the northern 

edge of the site also were predominantly metals and inorganics. 

In a given year, it is possible to determine the extent of groundwater contaminant plumes based on 

sampling results. Plume movement over time is in a northeasterly direction toward the lagoon (refer to 

Figure 2-3). In the contamination assessment, groundwater contaminant plumes of benzene and 1,2-DCE 

(total) were identified in the eastern part of the site (Figures 2-4 and 2-5). The groundwater evaluation 

confirmed the presence of both plumes. 

The benzene contamination was of the same magnitude seen in the previous year, but the plume 

appeared to have changed directions between the two investigations, from northeast to northwest. The 

maximum concentration in 1995 was east of the well that exhibited the 1994 maximum. This may be 

indicative of eastward contaminant migration. In 1996, benzene was detected at 4 @g/L), exceeding 

applicable or relevant and appropriate/screening action level (ARARKAL) criteria in a single well 

(Figure 2-6). 

The groundwater evaluation, indicated that the extent of DCE contamination may have increased, 

spreading in a two fingered plume to the west and northwest. The maximum detected concentration also 

increased from the contamination assessment study and the groundwater evaluation, and was found in a 

well east of the previous maximum concentration which indicates an easterly direction for contaminant 

migration. Concentrations of 1,2-DCE decreased overall in 1996; however, the maximum concentration 

detected during the Supplemental RFI/RI was 3,060 ug/L. 

Ethylbenzene and naphthalene were found to exceed ARAR/SAL criteria in groundwater in the eastern 

part of SWMU 9, where documented petroleum spills occurred, during the contamination assessment. 

1995 sampling identified free product in two of these wells (S9MW-4 and S9MW-5). Methylene chloride 

was detected in a number of wells under and surrounding the concrete pad. Several other VOCs and 

SVOCs, usually chlorinated, were also detected in isolated instances. In addition to benzene and 1,2- 

DCE, the Supplemental RFI/RI detected several pesticides in a single eastern well. Bis(2- 

ethylhexyl)phthalate exceeded its ARARSAL criteria in a single well. 

-“- 
Soil sampling detected low concentrations of 1,2-DCE in the area of the groundwater plume. Methylene 

chloride was the only VOC or SVOC to exceed an ARAR or SAL in either surface or subsurface soil. In 
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one subsurface sample, it was detected slightly above the 0.366-(milligram per kilogram) mg/kg EPA 

Region III bench mark toxicity value (BTV). It was detected in a second subsurface sample but at a 

concentrated level less than the SAL. Metals were the most widespread soil contaminants. Aluminum 

(maximum of 4,790 mg/kg), chromium (maximum of 13.1 mg/kg) and nickel (maximum of 6.6 mg/kg) 

were detected in all the surface soil samples, but there did not appear to be any trend because higher 

concentrations were interspersed with lower ones. Chromium also was found in all subsurface samples, 

although concentrations were lower than those detected in the surface samples. Cyanide was found in 

both surface and subsurface samples, its maximum concentration (4.4 mg/kg) was in a subsurface 

sample. 

Acetone was the only VOC or SVOC detected in either surface water or sediment. It was detected in two 

sediment samples from the northeastern part of the shoreline at SWMU 9. Arsenic also was detected in 

two sediment samples, with the highest concentration (17.8 mg/kg) directly north of the testing area. Both 

mercury and cyanide were detected once in surface water and sediment, but the detections in the two 

media were not at the same locations. Thallium was found in all surface-water samples but at 

concentrations less than twice the 6.3 ug/l ARAR in each case. 
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3.0 INVESTIGATIVE ACTIVITIES 

3.1 GENERAL FIELD OPERATIONS 

This section discusses the general sampling operations, procedures, and documentation for the two 1998 

field operations performed at SWMU 9 as part of the natural attenuation sampling effort investigating 

natural attenuation. All field procedures were performed in accordance with the Final Technical 

Memorandum for SMWU 9, dated May 7,1998. 

3.1 .l Mobilization/Demobilization 

On May 4, 1998, TtNUS began mobilization activities for the natural attenuation evaluation sa,mpling, 

including purchasing of expendable equipment and preparing the field sampling equipment. Most of the 

equipment was shipped to the site from the Pittsburgh, Pennsylvania equipment warehouse. Prior to the May 

12 mobilization to SWMU 9, the field team members reviewed the Final Technical Memorandum as well as 

the site-specific Health and Safety Plan (TtNUS 1998). 

On September 16, 1998, three groundwater-screening samples were taken at SWMU 9 and groundwater 

modeling had been performed on the screening samples to site a groundwater monitoring sentry well. A 

discussion of the modeling is found in Section 3.2. 

On November 2, 1998, TtNUS began mobilization activities for the second natural attenuation evaluation 

sampling event. Most of the equipment required for the field activities was shipped to the site from a third 

party vendor. On November 16, 1998 the initial field mobilization occurred. On November 17, 1998 the 

sentry well (i.e., S9MW-25) was installed downgradient of the source area east of S9MW-23. A discussion of 

the well installation is found in Section 3.3. On November 19, 1998, a mobile bioremediation laboratory 

(Target/MicroSeeps) arrived at SMWU 9, under subcontract to TtNUS. The laboratory was onsite for two 

days. While it performed real-time analysis of groundwater dissolved gases (dissolved oxygen, carbon 

dioxide, nitrogen, ethene, ethane, hydrogen, and methane) and groundwater geochemical parameters (i.e., 

alkalinity, ferric and ferrous iron, manganese, chloride, nitrate, nitrite, sulfate, sulfide, temperature, pH, 

oxidation-reduction potential, an6 conductivity). 
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3.1.2 Water Level Measurements 

During of both the May and November natural attenuation studies, synoptic water-level measurements were 

collected from existing monitoring wells at the site. All measurements were taken within a 4-hour period 

under consistent weather conditions to minimize tidal/precipitation effects on groundwater levels. 

Measurements were taken with an electric water-level indicator using the top of the well riser pipe as the 

reference point for determining depths to water. A notch was used to mark the top of the riser pipe to assure 

that measurements were taken consistently between measuring events. Water-level measurements were 

recorded to the nearest 0.01 -foot in the field logbook or on field data sheets. 

3.1.3 Groundwater Sampling 

Prior to obtaining samples, water levels were measured and the wells were purged using a low-flow peristaltic 

pump. Approximately three to six borehole volumes were purged prior to sampling. Field measurements of 

water level drawdown, pH, temperature, specific conductance, dissolved oxygen, and turbidity were collected 

periodically during the purge period. In order to minimize the water level drawdown in the well during purging, 

the peristaltic pump was operated at a range of approximately 100-200 ml/min. Stabilization of the above 

parameters was defined as follows: temperature +1.0X, pH +O.l units, and specific conductance +5 percent. 

If these parameters did not stabilize after 3 volumes, 6 or more volumes were removed prior to sampling. 

Dedicated polyethylene tubing was used for groundwater sample collection. Immediately prior to sampling, 

the temperature, pH, specific conductance, dissolved oxygen, and turbidity of the water sample were 

measured and recorded in the field logbook or on a groundwater sample form. The sample was discharged 

directly from the tubing into the appropriate sample analysis bottles. Samples to be analyzed for VOCs were 

collected first by allowing the purge water in the polyethylene tubing to gravity-drain back into the VOC vials. 

This eliminated the VOC samples from passing through the pump head prior to collection. The VOC vials 

were immediately sealed so that no headspace existed. Samples for remaining geochemical parameters 

then were collected and either placed in the appropriate sample bottles for shipment to the laboratory or 

analyzed immediately on site. The laboratory used for the natural attenuation study was Savannah 

Laboratories, Inc. Savannah, Georgia. 

3.1.4 Field Measurements 

Field water-quality parameters were collected during both the May 1998 and November 1998 sampling 

events. Specific water-quality parameters included groundwater temperature, pH, turbidity, specific 
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,“- -\, conductance, dissolved oxygen (DO), and oxidation-reduction potential (ORP). These water-quality 

parameters were collected using portable water-quality meters as discussed in Section 3.1.4.1. 

In addition to the water-quality parameters, a suite of geochemical indicator parameters were analyzed to 

evaluate the potential for natural attenuation at the site. The following table presents the field geochemical 

parameters collected during the two sampling events: 

Field Analyses: May 1998 

Parameter Make/Model Instrument Analytical Method 

Dissolved Oxygen HACHB OX-DT Digital Titrator Azide Modification to 

Alkalinity HACH@ AL-DT Digital Titrator Phenolphthalein/Sulfuric Acid 

Carbon Dioxide HACH@ CA-23 Drop-Count Titrator PhenolphthaleinSodium 

Ferrous Iron HACH@ IR-18C Color Wheel 1,lO Phenanthroline 

Sulfide (as H2S) HACHB HS-C Color Chart Effervescence of H2S 

, -.~ 

Field Analyses: November 1998 

Parameter Make/Model 

Dissolved Oxygen HACH@ OX-DT 

Alkalinity/DIG HACHB AL-DT 

Carbon Dioxide HACH@ CA-DT 

Ferrous Iron HACHB DR-850 

Manganese HACH@ DR-850 

Sulfide (as H2S) HACHB HS-C 

Sulfide (as S”J HACHB DR-850 

Nitrate HACHB DR-850 

Nitrite HACH@ DR-850 

Sulfate HACHB DR-850 

Instrument Analytical Method 

Digital Titrator Azide Modification to Winkler Method 

Digital Titrator Phenolphthalein/Sulfuric Acid 

Digital Titrator Phenolphthaleir-Godium Hydroxide 

Colorimeter 1,lO Phenanthroline 

Colorimeter Cold Periodate 

Color Chart Effervescence of H$S 

Colorimeter Methylene Blue 

Colorimeter Cadmium Reduction 

Colorimeter Cadmium Reduction, Diazotization 

Colorimeter Su/FA Ver 4/Turbidimetric 

3.1.4.1 General Water-Quality Parameters 

i’ ^i 

For the May sampling event, a Horiba@ Model U-10 water-quality meter was used to collect groundwater 

temperature, pH, turbidity, specific conductance, and DO. For the November sampling event, a YSl8 water- 

quality meter was used to collect groundwater temperature, pH, turbidity, specific conductance, and ORP. 

The meters were intended to determine general groundwater quality parameters and to assist in the 

determination of appropriate monitoring well purge volumes. The DO measurements collected from the 

Horiba@ were used solely for the determination of appropriate monitoring well purge volumes. All 

readings were recorded on the groundwater sample forms and in the field log book. 

AIK-99-0033 3-3 CT0 007 



Rev. 2 
08/l 1 I99 

The Horiba@ was auto-calibrated for pH, specific conductance, and turbidity by using a single, 

manufacturer-supplied standard phthalate pH solution. The dissolved oxygen sensor calibrates to the 

atmosphere. The YSI@ is calibrated using a specific calibration standard for each of the probes. The 

calibration process was documented in the field log book. 

3.1.4.2 Field Geochemical Parameters 

Dissolved Oxygen 

During both sampling events, geochemical measurements of DO were made using a high-resolution, low- 

range, test kit (HACHB Model OX-DT). DO is one of the most important of the geochemical parameters 

and is also the most difficult to collect accurately. Low-flow pumping and adherence to standard operating 

procedures were observed during DO analyses. The test kit for DO utilizes a digital titratrator and the 

azide modification of the Winkler methodology (HACH Method 8215). The test involves chemical 

extraction using manganous sulfate, alkaline iodide-azide, and sulfamic acid. Titration is then performed 

using 0.02N sodium thiosulfate and a starch indicator solution. The test kit can obtain a determination of 

DO at concentrations as low as 1 .O mg/L and as high as 10 mg/L. 

Alkalinity/Dissolved Inorganic Carbon (DIC) 

During both sampling events, geochemical measurements for dissolved alkalinity/DIG (as calcium 

carbonate [CaCO,]) were made in the field using a high-resolution, low-range, test kit (HACHB Model AL- 

DT). The test kit utilizes a digital titrator and sulfuric acid methodology (HACHB Method 8203). The test 

involves two-stage calorimetric indication using sulfuric acid, phenolphthalein, and bromcresol green- 

methyl red indicator solutions. This allows the determination of the three primary contributors to alkalinity; 

carbonate, bicarbonate, and hydroxide. The test kit can obtain reasonably accurate determination of 

alkalinity/DIG at concentrations as low as 10 mg/L and as high as 4000 mg/L. 

Carbon Dioxide 

During the May sampling, geochemical measurements for dissolved carbon dioxide (CO*) were made in 

the field using a high resolution low-range, test kit (HACHB Model CA-23). This test kit for COP utilizes the 

drop-count titration method. The test involves calorimetric indication using sodium hydroxide and a 

phenolphthalein indicator solution. The test kit can obtain reasonably accurate determination of COn at 

concentrations as low as 10 mg/L and as high as 1000 mg/L. 
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r- -\ During the November sampling, geochemical measurements for dissolved carbon dioxide (CO:!) were 

made in the field using a high-resolution, low-range, test kit (HACHB Model CA-DT). This test kit for CO2 

utilizes a digital titrator and the same sodium hydroxide methodology (HACHB Method 8205) as the Model 

CA-23. The test involves calorimetric indication using sodium hydroxide and a phenolphthalein indicator 

solution. The test kit can obtain a more accurate determination of CO* at concentrations as low as 10 

mg/L and as high as 1000 mg/L. 

Ferrous Iron 

During the May sampling, geochemical measurements of dissolved ferrous iron (Fe2’) were made in the 

field using a high resolution low-range test kit (HACHB Model IR-18C). The test kit for ferrous iron utilizes 

a color’ disc and the 1 ,lO-phenanthroline, iron reagent method. The test kit can obtain a reasonably 

accurate determination of ferrous iron at concentrations down to 0.1 mg/L and as high as 10 mg/L. 

, z 

During the November sampling, geochemical measurements of dissolved ferrous iron were made in the 

field using a high-resolution, low-range, portable calorimeter (HACHB Model DR-850). The calorimeter 

also utilizes the l,lO-phenanthroline, iron reagent method (HACHB Method 8146). Ferrous iron reacts 

with the iron reagent to form an orange color. The intensity of the orange, measured by the calorimeter, is 

proportional to the ferrous iron concentration. The calorimeter can obtain a quite accurate (f0.017 mg/L 

standard deviation) determination of ferrous iron with an estimated minimum detection limit of 0.03 mg/L 

and a maximum detection of 3.0 mg/L. 

Manganese 

Field geochemical measurements of manganese (Mn+4) were not performed during the May sampling. 

During November, geochemical measurements of manganese were made using a high-resolution, low- 

range, portable calorimeter (HACH@ Model DR-850). The calorimeter utilizes the periodate oxidation 

method (HACHB Method 8034). The test involves calorimetric indication using sodium periodate and a 

citrate buffer, whereby manganese is oxidized to the purple permanganate state. Using this method, the 

reduced form of manganese (Mn”) does not react. The calorimeter can obtain a quite accurate (kO.18 

mg/L standard deviation) determination of Mn+4 with an estimated minimum detection limit of 0.1.2 mg/L 

and a maximum detection of 20.0 mg/L. 

Sulfide 

/ --\ During May, geochemical measurements for sulfide, as hydrogen sulfide (H2S), were made in the field 

using a high-resolution low-range, test kit (HACHB Model HS-C). The test kit for H2S utilizes a color chart 
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and the effervescence of H2S in the presence of sodium/potassium bicarbonate. The test involves 

calorimetric indication using copper sulfate test paper. The test kit can obtain reasonably accurate 

determination of H&? at concentrations as low as 0.1 mg/L and as high as 5 mg/L. 

During November, geochemical measurements of sulfide, as hydrogen sulfide (H2S), were repeated using 

the high-resolution low-range, test kit (HACHB Model HS-C). In addition, measurements of sulfide, as the 

sulfide ion (S’), were performed using calorimetric analysis of total sulfide using a high-resolution, low- 

range, portable calorimeter (HACHB Model DR-850). The calorimeter utilizes the methylene blue method 

(HACH Method 8131). Both hydrogen sulfide and acid-soluble metal sulfides react with N-dimethyl-p- 

phenylenediamine oxalate to form methylene blue. The intensity of the blue, measured by the calorimeter, 

is proportional to the sulfide concentration. The calorimeter can obtain a quite accurate (+0.02 mg/L 

standard deviation) determination of sulfide with an estimated minimum detection limit of 0.01 mg/L and a 

maximum detection limit of 0.70 mg/L. 

Sulfate 

Field geochemical measurements of sulfate (SO,) were not performed during May. During November, 

geochemical measurements for sulfate were made using a high-resolution, low-range, portable 

calorimeter (HACHB Model DR-850). The calorimeter utilizes the Sulfa Ver 4 method (HACHB Method 

8051). Sulfate ions present in the sample react with barium in the Sulfa Ver 4 reagent to form insoluble 

barium sulfate, which produces milky white turbidity. The opacity of the treated sample, measured by the 

calorimeter, is proportional to the sulfate concentration. The calorimeter can obtain a quite accurate (+0.5 

mg/L standard deviation) determination of sulfate with an estimated lower detection limit of 4.9 mg/L and a 

maximum detection limit of 70 mg/L. 

Nitrite 

Field geochemical measurements of nitrite (N02) were not performed during May. During November, 

geochemical measurements for nitrite were made using a high-resolution, low-range, portable calorimeter 

(HACHQ Model DR-850). The calorimeter utilizes the diazotization method (HACH@ Method 8507). The 

nitrite in the sample reacts with sulfanilic acid to form diazonium salt, which in turn couples with 

chromotropic acid to form a pink color. The pink color of the treated sample, measured by the 

calorimeter, is proportional to the nitrite concentration. The calorimeter can obtain a quite accurate 

(kO.001 mg/L standard deviation) determination of nitrite with an estimated lower detection limit of 0.005 

mg/L and a maximum detection limit of 0.350 mg/L. 
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Nitrate 

Field geochemical measurements of nitrate (NO,) were not performed during May. During November, 

geochemical measurements for nitrate were made using a high-resolution, low-range, portable calorimeter 

(HACHB Model DR-850). The calorimeter utilizes the cadmium reduction method (HACHB Method 

8192). Cadmium reduces nitrate present in the sample to nitrite. The nitrite reacts with sulfanilic: acid to 

form diazonium salt, which in turn couples with chromotropic acid to form a pink color. The pink color of 

the treated sample, measured by the calorimeter, is proportional to the total nitrate/nitrite concentration. In 

order to eliminate the nitrite, if present, pretreatment using bromine and phenol is required. The nitrite 

concentration is subtracted from the analysis which then represents nitrate alone. Nitrite was not 

detected at significant concentrations. Therefore, the pretreatment was not necessary. The calorimeter 

can obtain quite accurate (f0.03 mg/L standard deviation) determination of nitrate with an estimated lower 

detection limit of 0.01 mg/L and a maximum detection limit of 0.50 mg/L. 

Oxidation Reduction Potential 

During May, the oxidation-reduction potential (ORP) of groundwater referred to as Eh, was analyzed using 

a portable, water-quality probe (HannaB Model CE). During November, ORP was analyzed using the YSI 

I . . water-quality meter. During both events, the probe was used in conjunction with a flow-through sample 

chamber to reduce sainple aeration and contact with the atmosphere. 

3.1.4.3 Fixed Laboratory Analyses 

A fixed based laboratory was subcontracted for each of the two sampling events. The intent of the 

laboratory is to provide VOC results. In May 1998 the fixed base laboratory also ran dissolved gasses and 

total petroleum hydrocarbons (TPH) by Florida Pro Method on groundwater and total organic carbon 

(TOC) on soils. In November 1998, VOCs in groundwater were once again analyzed. The fixed based 

laboratory for each sampling event was Accutest Analytical Laboratories, Orlando, Florida. 

3.1.4.4 Mobile Laboratory Analyses 

In addition to the field geochemical parameters, a subcontracted bioremediation laboratory was mobilized to 

the site for the November 1998 sampling. The intent of the on-site lab was to provide geochemica~l data of 

higher quality than is afforded by the field test kits as well as providing analysis of dissolved gasses. The 

subcontracted laboratory was Target Environmental Services, Inc., of Jessup, Maryland. The on-site 
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analyses were conducted in Target’s Mobile Bioremediation Laboratory for the following dissolved gasses 

and geochemical parameters: 

Mobile Lab Analyses: November 1998 

Parameter Make/Model Instrument Analytical Method 

Dissolved Oxygen Custom GCTCD RSKSOPs 147 &I75 

Nitrogen Custom GC/TCD RSKSOPs 147 &175 

Carbon Dioxide Custom GC/TCD RSKSOPs 147 &175 

Methane Custom GCYFID RSKSOPs 147 &175 

Ethane Custom GC/FID RSKSOPs 147 8.175 

Ethene Custom GC/FID RSKSOPs 147 &175 

Hydrogen Custom GCYRGD Chappelle, et al, 1995 

Ferrous Iron Dionex 500 IC AD 20 Absorbence USEPA 300.0 

Ferric Iron Dionex 500 IC AD 20 Absorbence USEPA 300.0 

Manganese Dionex 500 IC AD 20 Absorbence USEPA 300.0 

Chloride Dionex 500 IC ED 40 ECD USEPA 300.0 

Sulfide (as SL) CHEMetrics Chemets Calorimetric Chemets Methylene Blue 

Nitrate Dionex 500 IC ED 40 ECD USEPA 300.0 

Nitrite Dionex 500 IC ED 40 ECD USEPA 300.0 

Alkalinity CHEMetrics Titret Colonmetric Titrets Hydrochloric Acid Titrant 

Sulfate Dionex 500 IC ED 40 ECD USEPA 300.0 

3.1.5 Qualitv Control (QC) Samples 

In addition to periodic calibration of field equipment and appropriate documentation, the minimum required 

quality control samples were collected during the environmental sampling. Because this study was for 

engineering purposes, and in an effort to reduce the analytical costs, quality control samples included only 

field duplicates of the VOC samples. Two field duplicate samples were collected from the groundwater 

monitoring wells. Both duplicates were analyzed for VOCs and were identified so laboratory personnel were 

unable to distinguish them from normal field samples. 

3.1.6 Decontamination 

Only dedicated sampling equipment was used for the field sampling activities. Therefore, no 

decontamination was required. Deionized water and phosphate-free soap (e.g., Alconox@) were used for 

incidental cleaning of equipment. 
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-..\ Field analytical equipment such as water-quality meters and probes were rinsed with deionized water first 

and then with the sample water prior to measuring the water quality parameters. 

3.1.7 Sample Analvsis 

The following analytical tasks were completed as part of the May 1998 field activities: 

l To determine the current groundwater plume configuration, VOC samples were collected from 11 

monitoring wells (S9MW-12, -3, -10, -8, -21, -22, -23, -24, -15 -17, and -19D). Two additional wells 

S9MW-5 and S9MW-13 were also sampled for VOCs. 

l To perform the natural attenuation screening, fixed-base laboratory analyses were performed on 11 

monitoring wells for geochemical parameters. The selected wells were SSMWl2, -3, -10, -8, -21, -22, - 

23, -24, -15, -17, and -19D. The fixed-base laboratory parameters are discussed in Section 3.1.4. 

l To further evaluate the natural attenuation processes present at the site, field analyses using field test 

kits (HACHB) were performed on 8 selected monitoring wells (i.e., SSMW-12, -3, -10, -21, -24, -‘l5, -17, 

and -19D). These field parameters are discussed in Section 3.1.4. 

l To determine the natural organic carbon present in the aquifer matrix, one upgradient soil sample 

(southwest side of site near S9MW12) was collected and analyzed for TOC at a depth of 6 to 12 inches 

bls. 

The following analytical tasks were completed as part of the November 1998 field activities: 

l Drilling and installation of new sentry well S9MW25. 

l To determine the’ current groundwater plume configuration, VOC samples were collected from 12 

monitoring wells (S9MW-5, -10, -12, -13, -14, -15, -21, -22, -23, -24, -25 and RW-2). 

l To further evaluate the natural attenuation processes present at the site, on on-site laboratory was used 

to perform geochemical and dissolved gas analyses on 12 selected monitoring wells. The selected wells 

were S9MW-5, -10, -12, -13, -14, -15, -21, -22, -23, -24, -25 and RW-2.’ The mobile laboratory 

parameters are discussed in Section 3.1.4. 
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l To complete the natural attenuation evaluations, field analyses using field test kits (HACHQ were 

performed on 12 monitoring wells (i.e., S9MW-5, -10, -12, -13, -14, -15, -21, -22, -23, -24, -25 and RW- 

2). These field parameters are discussed in Section 3.1.4. 

3.1.8 Waste Handling 

All investigation-derived waste (IDW), consisting of purge liquids, was collected and stored in 

DOT-approved (specification 17-C/H) 55-gallon drums at the site. Based on the results of the 

groundwater analyses, a recommendation was made to NAS Key West that the IDW be handled as 

hazardous waste. This recommendation was made based on Florida Department of Environmental 

Protection IDW guidance that states IDW with levels of contaminants in excess of Brownsfield Cleanup 

Guidance Criteria be managed in accordance with RCRA. TtNUS, in coordination with the Base 

personnel, arranged for proper removal and disposal of the drummed wastes. 

3.2 GROUNDWATER MODELING 

Based on the May 1998 natural attenuation screening, modeling was performed to support the final 

remedial alternative of monitored site-wide natural attenuation with monitoring. The modeling consisted of 

two tasks: 

l Task 1 - Calculate the surface water concentration at the exposure point (small surface water pond 

and lagoon) considering the natural attenuation processes and most recent site conditions. 

l Task 2 - Select the location for a downgradient sentry well between the suspected source area and 

the lagoon. 

The modeling was supported by data from three additional groundwater screening samples collected in 

September 1998 downgradient of monitoring wells (S9MW-21, -22, and -24), half the distance to the small 

surface water pond or lagoon. Task 1 calculated the potential maximum concentration of the 

contaminants (cis-I ,2-dichloroethene, trans-I ,2-dichloroethene, trichloroethene and benzene) in the small 

surface water pond and the surface water contaminant levels. The data input was based on the May 1998 

groundwater contaminant levels. Task 2 used the same modeling data to select the location of’a sentry 

well. The location of the sentry well would provide a minimum of one year advanced indication that, if 

present, contaminated groundwater could impact the small surface water pond. The results of the 

modeling are discussed in Section 5.4.3. The model used for this effort is known as ECTran, a transport 

model written using Crystal Ball and the Excel program environment. The inputs and outputs are 

presented in the full modeling report, located in Appendix B. 
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3.3 ADDITIONAL WELL INSTALLATION 

The groundwater modeling discussed in Section 3.2 supported the location of a 2-inch shallow monitoring 

well (Figure 4-3). The flush mounted well (S9MW-25) was installed with a hollow-stem auger drill rig to a 

depth of 12 feet. The screened interval is 2 to 12 feet bls to allow the screen to intersect the water 1:able at 

approximately 3 feet bls. Drill cutting were left onsite and the purge water was containerized and handled 

in accordance with Section 3.1.8 Waste Handling. The installation was performed without any unexpected 

delays or occurrences. The well boring log and construction diagram is found in Appendix A. 
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4.0 SAMPLE RESULTS 

. 

4.1 DISSOLVED-PHASE GROUNDWATER PLUME . . 

In May 1998, to determine the dissolved-phase groundwater plume configuration, VOC samples were 

collected from 13 selected monitoring wells (S9MW-12, -3, -5, -8, -10, -13, -21, -22, -23, -24, -15 -1i7, and r 
-19D). The most upgradient well was S9MW-12. Table 4-l presents the analytical results for this VOC 

sampling. Figure 4-1 presents the isoconcentration contour map for detected VOCs during the May 1998 

sampling event. Figure 4-2 presents the groundwater elevations association with the May 1998 sa.mpling 

event. The entire data set, laboratory results, and chain-of-custody forms can be found in Appendix C. 

The general pattern of groundwater contamination was consistent with previous sampling efforts, 

however, the VOC concentrations generally exceeded those reported during the previous sampling event: 

The greatest increase was identified in the source area at monitoring well SSMW-15 where the total VOCs 

increased from 53 us/L to 5,650 ug/L. 

I .- In November 1998, to determine the current dissolved-phase groundwater plume configuration, VOC 

samples were collected from 12 selected monitoring wells (S9MW-5, -10, -12, -13, -14, -15, -21, -2!2, -23, 

-24, -25 and’RW-2). The most upgradient well was S9MW-12. Table 4-2 presents the analytical results 

for the VOC samples collected during the November sampling. Figure 4-3 presents the isoconcerrtration 

contour map for detected VOCs during the November 1998 sampling event. The entire data set, 

laboratory results, and chain-of-custody forms can be found in Appendix C. 

The general pattern of groundwater contamination as evidenced by the current plume configuration, was 

inconsistent with previous sampling efforts., however, the VOC concentrations were significantly less than 

those reported ,during the May 1998 sampling event. The greatest decrease was identified in the source 

area at monitoring well S9MW-15 where the total VOCs decreased from 5,650 to 1,100 ug/L. 

4.2 NATURAL ATTENUATION PARAMETERS 

4.2.1 Dissolved Oxvaen 

Dissolved oxygen acts as a primary substrate or co-substrate during the initial stages of metabolism and 

is the single most efficient electron acceptor responsible for the biodegradation of natural or 

anthropogenic organic carbon. However, for highly chlorinated hydrocarbons, anaerobic pathways (e.g., 
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reductive dechlorination) are more efficient than aerobic.pathways. If dissolved oxygen concentrations are 

greater than approximately 0.5-l .O mg/L, anaerobic bacteria cannot exist and reductive dechlorination will 

not occur. 

During aerobic respiration, dissolved oxygen is utilized as an electron acceptor to mineralize natural 

organic carbon (or hydrocarbons) into CO2 and water. Dissolved oxygen at concentrations less than 

background provides strong evidence of indigenous bacterial populations that are already established and 
. actively degrading natural or anthropogenic carbon, utilizing aerobic pathways. However, once the 

available oxygen is used up, these aerobic processes will cease and the core of the plume wiil become 

anaerobic. ’ 

Dissolved oxygen concentrations were not detectable in all wells sampled with the field test kits during 

both the May and November sampling events. However, during the November sampling, low 

concentrations of dissolved oxygen were detected by the on-site laboratory. Based on the on-site 

laboratory data, the background oxygen concentration is 1.0 mg/L. This concentration decreases to a 

minimum concentration of 0.6 mg/L in the source area, near SSMWl5. The small amount of dissolved 

oxygen that is naturally present in the aquifer is being utilized rapidly by bacteria which thrive in aerobic 

conditions. Typical background oxygen concentrations for such a shallow aquifer are in the range of 4-6 

mg/L. These low dissolved oxygen results indicate anaerobic groundwater conditions across the site. An 

isoconcentration contour map (Figure 4-4) of the on-site laboratory results for dissolved oxygen is included 

at the end of this section. 

4.2.2 Nitrate/Nitrite 

After dissolved oxygen has been depleted through aerobic respiration, anaerobes will utilize nitrate (NO-3) 

as an electron acceptor to anaerobically degrade hydrocarbons (denitrification). This process reduces 

nitrate to nitrite (NOz) and generates carbon dioxide.. However, because chlorinated hydrocarbons are 

used as electron acceptors during reductive dechlorination, nitrate may actually compete as an electron 

acceptor if present at concentrations greater than 1 .O mg/L. 

During the May sampling, nitrate and nitrite analyses were measured by Savannah Laboratory as a single 

combined parameter (nitrate/nitrite). All concentrations were below detection limits. During the November 

sampling, nitrate and nitrite concentrations were also below detection limits (less than 5 mg/L) in all the 

on-site laboratory analyses. Based on data from the field calorimeter, nitrate concentrations fluctuated 

from less than detectable (less than 0.01 mg/L) to 0.06 mg/L and nitrite fluctuated from less than 

detectable (less than 0.005 mg/L) to 0.03 mg/L. This lack of any significant concentration of nitrate or 
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nitrite indicates an insufficient supply of nitrate to act as a potential electron receptor. Therefore, there is 

strong evidence against anaerobic degradation of hydrocarbons via the denitrification process. ’ 

4.2.3 - Dissolved Manaanese . 

After dissolved oxygen and nitrate have been depleted, anaerobic microbes will utilize manganese (Mn”) : 

as an electron acceptor to anaerobically degrade hydrocarbons, generating manganese (Mn’2) and: ’ 

carbon dioxide. 

During the May sampling, laboratory manganese concentrations were below detection limits in all wells 

sampled, indicating an insufficient supply of manganese to act as potential electron receptors. During the 

November sampling, manganese (Mn”> concentrations were less than detection limits (less than 0.5 

mg/L) in all of the on-site laboratory analyses. Based on the field calorimeter data, manganese (Mnd) 

fluctuated from less than detection limits (less than 0.12 mg/L) to 1.4 mg/L. At these concentrations, there 

is insufficient supply of manganese to act as a potential electron receptor. Therefore, there is strong 

evidence against anaerobic degradation of hydrocarbons via the manganese reduction pathway. 

Dissolved Iron/Ferric Iron/Ferrous Iron 

After dissolved oxygen, nitrate, and manganese reduction, anaerobic microbes will utilize ferric iron (Fe&) 

as an electron acceptor (iron reduction) to anaerobically degrade hydrocarbons, generating ferrous iron 

(Fe+2) and carbon dioxide. Ferric iron concentrations are either determined separately or calculated by 

subtracting ferrous iron (Fe’2) concentrations from total iron. The majority of ferric iron that is reduced to 

ferrous iron precipitates out upon contact with an oxygenated source such as surface water. 

During May, total iron, ferric and ferrous iron concentrations were less than detection limits in all wells 

sampled, indicating an insufficient supply of iron to act as a potential electron receptor. During the 

November sampling, both ferric and ferrous iron were less than detection limits (less than 0.5 mg/L’) in the 

on-site laboratory. Based on field calorimeter data, ferrous iron fluctuated from less than detection limits 

(less than 0.03 mg/L) to 0.12 mg/L. This was consistent with the May sampling results, and provides 

strong evidence against anaerobic degradation of hydrocarbons via the iron reduction pathway. 

4.2.5 : Sulfate 

,,, ‘i 

After dissolved oxygen, nitrate, manganese, and ferric iron have been utilized, anaerobic microbes will 

utilize sulfate (SO=,) as an electron acceptor to anaerobically degrade hydrocarbons (sulfate reduction). 

The process of sulfate reduction results in the generation of sulfide and carbon dioxide. Sulfate redluction, 
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along with methanogenesis, is one of the most important and frequently documented reduction pathways 

responsible for natural attenuation of chlorinated hydrocarbon plumes. However, as previously discussed, 

chlorinated hydrocarbons are used as electron acceptors during reductive dechlorination. Therefore, 

sulfate may compete as an electron acceptor if present at concentrations greater than 20 mg/L. In order 

for reductive dechlorination to occur, sulfate needs to be present but at concentrations less than 20 mg/L. . 
However, in high concentration plumes, dechlorination may still occur despite high sulfate concentrations 

(USEPA 1998). 

During the May sampling, sulfate concentrations ranged from 34 mg/L in S9MW-17 and 47 mg/L in 

S9MW-12 (both generally upgradient) to 885 mg/L (average of two duplicates) in S9MW-24. A similar 

pattern was identified during November with laboratory concentrations ranging from 5.44 mg/L in SSMW- 

0.5 to 1,060 mg/L in wells S9MW-21 and S9MW-22. Although the field calorimeter had a maximum 

detection limit of 80 mg/L, the data trend paralleled the laboratory data. 

Due to the high concentration of sulfate in the groundwater, it is likely that sulfate may compete with the 

chlorinated hydrocarbons as electron acceptors, thereby competitively excluding dechlorination. This is 

supported by the fact that the sulfate concentration actually increases in the source area and 

downgradient wells, an indication that the chlorinated hydrocarbon plume is competing with the natural 

organic carbon as electron acceptors. An isoconcentration contour map (Figure 4-5) of the on-site 

laboratory results for sulfate is included at the end of this Section. 

4.2.6 

As mentioned previously, sulfate reduction results in the generation of sulfide and carbon dioxide. Sulfide 

can be present in many forms, the three primary forms being the sulfide ion (S2), or dissolved hydrogen 

sulfide as H2S or HS’. 

During May field analysis, hydrogen sulfide concentrations were detected in all wells at, or above, the 

maximum detection- value of 5 mg/L. However, the laboratory analysis indicated that sulfide ion 

concentrations ranged from less than detectable in many of the upgradient and source area wells to a 

maximum of 7 mg/L in SSMW-10. Well SSMW-10 is a cross-gradient well with no reported VOC 

contamination. Based on the results during the May sampling event, monitoring well SSMW-10 is 

assumed to be an anomalous data point. In November SSMW-10 did not produce anomalous data. 
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During the November field analyses, the HACl-KB tests for H2S and S2 illustrated a consistent trend with 

the May field analyses. The CHEMetricsGl test illustrated a consistent trend with the May lab’oratory 

analysis. In general, CHEMetrics@ sulfide ion concentrations increased in the downgradient direction with 

a maximum detection of 0.8.mgL in S9RW-2. The high hydrogen sulfide concentrations.detected during 

the field analysis (furthei supported by the hydrogen sulfide odor present in many onsite wells) are 

evidence of natural sulfate reduction of organic carbon in the aquifer. Therefore, the fix&d-base sulfide 

concentrations, which increase in the downgradient direction, provide evidence of the dechlorination 

pattern of the hydrocarbon plume. 

In summary, sulfate reduction appears to be an Active anaerobic pathway for dechlorination of the 

hydrocarbon plume, as evidenced by increased sulfide ion concentration in the downgradient direction. 

However, sultate is simultaneously competing with the hydrocarbon plume as an electron acceptor,, which 

may result in competitive exclusion of dechlorination. 

4.2.7 

Similar in mechanism to sulfate reduction (but to a lesser degree) phosphate reduction .is an (minor) 

anaerobic biodegradation process whereby bacteria can use phosphate (PO-,) as an electron acceptor to 

,--7 degrade petroleum hydroc&bons. 

During May, phosphate concentrations in laboratory samples were less than detection limits in all wells 

sampled. Phosphate was not analyzed during the November sampling. Due to the lack of phosphate as 

an electron acceptor in the groundwater, it is unlikely that phosphate reduction is a significant portion of 

the total, biodegradation capacity of the aquifer. Phosphorous is an important nutrient for microbes, and its 

absence may limit the overall biodegradation capacity of the aquifer. 

4.2.8 Dissolved Carbon Dioxide 

Methanogenesis occurs after oxygen, nitrate, manganese, ferric iron, and sulfate have been utilized. As 

mentioned previously, methanogenesis is one of the most important and frequently documented reduction 

pathways responsible for natural attenuation of chlorinated hydrocarbon plumes. During methanogenesis, 

some strains of anaerobic bacteria utilize carbon dioxide as an electron acceptor, generating methane as 

.a byproduct of fermentation. As previously discussed, carbon dioxide is produced during aerobic 

respiration (oxygen utilization), as well as anaerobic processes (denitrification, iron reduction, and sulfate 

reduction). Therefore, carbon dioxide is both produced and utilized by different microbes during 

biodegradation of a carbon source. 
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During the May sampling, dissolved carbon dioxide concentrations range from 43 mg/L in upgradient well 

SSMW-12, to 157 mg/L in S9MW-21 and 159 mg/L in SSMW-10. During the November sampling, 

dissolved carbon dioxide concentrations from the on-site laboratory ranged from 18.7 mg/L in upgradient 

well S9MW-12 to 144 mg/L in S9MW-5. Dissolved carbon dioxide concentrations from the field test kit . 

results closely paralleled the on-site laboratory results, with concentrations ranging from 63.2 mg/L in 

upgradient well SSMW-12 to 430 mg/L in SSMW-10. . Carbon dioxide in excess of background 

concentrations is a strong indicator of active biodegradation of the chlorinated, solvent plume. Carbon 

dioxide is being generated in the plume because of microbial respiration and/or as a degradation end- 

product of reductive dechlorination. The carbon dioxide that is being generated is actually underestimated 

since some portion of the total carbon dioxide is being utilized to power methanogenesis, as discussed 

below. An isoconcentration contour map (Figure 4-6) of the on-site laboratory results for dissolved carbon 

dioxide is included at the end of this Section. 

4.2.9 Dissolved Methane 

Methanogenesis is an anaerobic biodegradation process whereby methane-producing microorganisms 

utilize carbon dioxide as an electron acceptor, and generate methane as a byproduct of fermentation. 

Because methane is not a chemical component of fuels or solvents, its presence above background 

concentrations provides strong evidence of methanogenic fermentation (and carbon dioxide utilization). 

Background concentrations of methane are important since some natural sources of methane could exit 

(e.g., groundwater derived from infiltration into or through a peat bog or other natural methane source). 

During the May sampling, the methane concentrations in laboratory samples range from 2 ug/L in 

upgradient well SSMW-12, and 17 ug/L in the deep uncontaminated well SSMW-19D, to 1,000 ug/L in 

SSMW-10. Many of the other source wells and downgradient wells had methane concentrations in the 30- 

60’ ug/L range. Because of the difficulty in collecting and shipping methane samples, the Savannah 

Laboratory data is assumed to underestimate the true conditions. Therefore, the on-site laboratory was 

used to analyze the dissolved gases during the November sampling. Its analysis of methane indicated a 

similar pattern to that delineated in May, but at concentrations up to three times those identified in May. 

Concentrations ranged from 13 us/L in upgradient well S9MW-13, to 2,840 ug/L in SSMW-10 and 3,245 

ug/L in S9MW-5. These methane concentrations significantly above background provide strong evidence 

that methanogenesis is a significant factor in the bioremediation of the hydrocarbon plume. An 

isoconcentration contour map (Figure 4-7) of the on-site laboratory results for methane is included at the 

end of this section. 
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42.10 Diss&ed Hvdronen 

Hydrogen is produced in anaerobic environments by the fermentation of organic carbon. The hydrogen is 

then utilized by respiratory microbes such as nitrate reducers, iron reducers, sulfate reducers, and 

methane producers. Each microbe utilizes hydrogen more or less efficiently, leading to either a buildup or 

a decrease in the molecular hydrogen concentration. The efficiency of the reductive dechlorination is 

directly proportional to the availability of molecular hydrogen in the system. As the following table.shows, 

methanogenic processes are the most efficient of the reductive dechlorination pathways. 

Terminal Electron-Accepting Process 
(TEW 

TEAP Species Hydrogen Concentration (nM/L)” 

Denitrification 1 NO; =a NO2 

~ 

’ nanomole per liter 

co.1 

0.2 si 0.8 

l-4 

>5 

Molecular hydrogen was analyzed in the on-site laboratory during the November sampling event. The 

hydrogen concentrations ranged from 0.97 nM/L in S9MW-14 to 8.2 nM/L in S9MW-25. These hydrogen 

concentrations are characteristic or sulfate reduction and/or methanogenesis. Both sulfate reduction and 

methanogenesis appear to be the prevalent reductive pathways active at the site, and are the most 

frequently documented reduction pathways for chlorinated hydrocarbons (AFCEE, 1996). An 

isoconcentration contour map (Figure 4-8) of the on-site laboratory results for hydrogen is included at the 

end of this Section. 

4.2.11 Dissolved Ethene 

Under strictly anaerobic conditions, ethene and methane can be produced by the biotic dechlorination of 

vinyl chloride. Concentrations of ethene greater than 0.01 mg/L (10,000 nanograms per liter [ng/L]) 

provide strong evidence of such dechlorination. This process is less efficient than direct oxidation of vinyl 

chloride to carbon dioxide in an aerobic environment, and thus can lead to the accumulation of vinyl 

chloride. 

Ethene was analyzed in the on-site laboratory during the November sampling event. The ethene 

concentrations ranged from ~5.0 rig/L in S9MW-5 to 136 rig/L in S9MW-15. As indicated ‘on the 

isoconcentration contour (Figure 4-9) map at the end of Section 4.0, there is obvious ethene production in 
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the source area and immediately downgradient of the source area. These concentrations, however, are 

significantly less than those necessary to indicate dechlorination of vinyl chloride. 

4.2.12 Dissolved Ethane . 

Ethene is produced by the biotic dechlorination of vinyl chloride. Ethane is in turn produced by the further 

biotic degradation of ethene. Concentration of ethane greater than 0.1 mg/L provide strong evidence of 
_ such degradation. 

Ethane was’ analyzed in the on-site laboratory during the November sampling event. The ethane 

concentrations ranged from ~5.0 rig/L in several on site wells to 60.85 rig/L in S9MW-25. Like to the 

ethene concentrations, the isoconcentration contour map (Figure 4-10) at the end of Section 4.0 provides 

evidence that there is ethane production in the source area and immediately downgradient of the source 

area. These concentrations, however, are significantly less than those that would to indicate 

dechlorination of vinyl chloride. 

4.2.13 Dissolved lnornanic Carbon/Total Alkalinity 

Alkalinity is a measure of the buffering (neutralizing) capacity of acids in water, and is expressed as mg/L 

calcium carbonate (CaCO$. Generally, alkalinity consists of three types, carbonate (CO-3), bicarbonate 

(HCO-$ and hydroxide (OH-). Dissolved inorganic carbon (DIC) represents the sum of the carbonate 

and bicarbonate alkalinity. Bicarbonate is the major portion of natural groundwater alkalinity, however, 

carbonate and hydroxide may contribute to the total alkalinity in chemically-treated or polluted 

groundwater. DIC concentrations, in comparison to the total alkalinity, can give a general indication of the 

amount of carbon dioxide generated during aerobic or anaerobic reduction of a chlorinated hydrocarbon 

plume. 

During the May sampling, field test kit concentrations of DIC ranged from 181 mg/L in SSMW-12 

(upgradient) to 511 mg/L in S9MW-24 and 555 mg/L in SSMW-10. S9MW-24 is located in the source 

area and is one of the most contaminated wells at the site. As previously mentioned, well SSMW-10 is not 

located in the source area and its May results may be anomalous. The May alkalinity concentrations 

range from 210 mg/L in SSMW-12 to 420 mg/L in S9MW-24 and S9MW-21. Both S9MW-24 and SSMW- 

21 indicate significant levels of VOC contamination. 

During the November sampling, field test kit measures of alkalinity were similar to the May results, with 

concentrations ranging from 183 mgR in S9MW-12 to 530 mgR in S9MW-22 and 535 mg/L in SSMW-10. 

S9MW-25 is located directly downgradient of the source area. Also during the November sampling event, 
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total alkalinity was analyzed by CHEMetrics@ test kits. The total alkalinity concentrations ranged from 185 

mg/L in S9MW-12, to 420 mg/L in SSMW-10 and 480 mg/L in S9MW-22. An isoconcentration contour 

map (Figure 4-11) of the on-site laboratory results for total alkalinity is included at the end of this section. 

In general, both parameters (DIC and total alkalinity) increase in areas with increased contamination and 

in the downgradient direction. This provides confirming evidence that carbon dioxide is being generated in 

the hydrocarbon plume as a result of microbial respiration and/or as a degradation end-product of 

reductive dechlorination. 

Chloride 

Chloride concentrations are used to evaluate natural attenuation because chloride is released into 

groundwater during dechlorination of chlorinated solvent. Therefore, an increase in chloride ion 

,concentration in the downgradient direction is direct evidence of dechlorination. 

During the May sampling, chloride concentrations range from 40 mg/L in S9MW-12 (upgradient) to 4,000 

mg/L in downgradient well S9MW-21. During November, the on-site laboratory concentrations were 

similar to the May data with chloride concentrations ranging from 45.2 mg/L in SSMW-13 (upgradient) to 

5,920 mg/L in downgradient well S9MW-21. In general, chloride ion concentration increases in the 

downgradient direction. Although the majority of the chloride ion may be a result of increasing proximity to 

the saline lagoon located immediately north (downgradient) of the site, reductive dechlorination can also 

be a contributing factor. This is best illustrated in the isoconcentration contour map (Figure 4-12) at the 

end of this section. The spatial variability chloride ion concentrations provides strong evidence of the 

reductive dechlorination of the solvent plume. 

Oxidation/Reduction Potential 

The oxidation/reduction potential (ORP) of groundwater (Eh) is a measure of the relative tendency of the 

groundwater solution to accept or donate electrons and of as the amount of energy released during 

electron transfers within the solution. The Eh depends upon and influences the rates and types of 

biodegradation processes. Therefore, the measurement of Eh (in millivolts; mV) can provide evidence of 

the type of biodegradation processes that are active in a particular plume or even within different iportions 

of the same plume. Great care must be taken during the evaluation of Eh data since most natural waters 

usually include mixed potentials, which cannot be related to a single electron couple. Therefore, Eh 

should be used only as a qualitative indicator of the overall oxidation/reduction state. 
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The relative Eh measurement is proportional to the efficiency of the bioremediation pathway. For 

example, the most efficient bioremediation pathway for a petroleum hydrocarbon plume is aerobic 

respiration. During aerobic respiration, oxygen is utilized as the electron acceptor to mineralize petroleum 

hydrocarbons into CO2 and water. The Eh value for such a reaction is in the range of +800 mV. 

Following is a general comparison of common metabolic pathways and related Eh measurements, 

quantified under laboratory conditions: 

Pathway Electron Acceptor Eh (mV) 
I 

Aerobic Respiration 

Denitrification 

Oxygen 

Nitrate 

+820 

+740 

Manganese Reduction 

Iron Reduction 

Sulfate Reduction 

Manganese 

Ferric Iron 

Sulfate 

+520 

-50 

-220 

Methanogenesis I Carbon dioxide I -240 I 

Reference: AFCEE (1996) 

During the May sampling, Eh values across the site ranged from -182 mV to -230 mV, with an average of 

-210 mV. During November, Eh values across the site ranged from -133 mV to -320 mV. There 

appears to be a slight trend in the Eh values collected at the site, such that the greater negative values are 

associated with contaminated wells and the downgradient flow direction. This indicates an energy 

efficiency range associated with anaerobic reduction through sulfate reduction and/or methanogenesis. 

As previously noted, both sulfate reduction and methanogenesis appear to be the prevalent reductive 

pathways active at the site, and are the most important and frequently documented reduction pathways for 

chlorinated hydrocarbons (AFCEE, 1996). 

Organic Carbon 

Because chlorinated hydrocarbons are used as electron acceptors during reductive dechlorination, there 

needs to be a sufficient supply of organic carbon as the primary substrate for microbial growth. Such a 

supply can come from native organic carbon in the aquifer or from anthropogenic sources such as BTEXs 

or landfill leachate. Organic carbon concentrations greater than 20 mg/L in the aquifer indicate a sufficient 

supply of carbon to act as the primary substrate. TOC is a measure of the natural and anthropogenic 

carbon present in the aquifer. 
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/- -\ TOC concentrations during the May sampling ranged from 2.6 mg/L in S9MW-17 (upgradient) to 24 mg/L 

in S9MW-24 and 28 mg/L in SSMW-10. This indicates that organic carbon is present at sufficient 

concentrations in the aquifer to act as the primary substrate for reductive dechlorination. 

In addition to TOC, BTEXs were detected at 385 ug/L in one upgradient well (S9MW-5) during the May 

sampling. During the November sampling event, BTEXs again were detected in upgradient well, !j9MW- 

5, at 96 ug/L. Under anaerobic conditions, it would be typical to see minimal BTEXs degradation over 

time, and a resulting BTEXs plume migrating in the downgradient direction. Even though anaerobic 

conditions persist in the aquifer, BTEXs which has been detected previously in this well, has never been 

shown to migrate in the downgradient direction. This is most likely due to the BTEXs utilization as a 

substrate during reductive dechlorination of the solvent plume. Therefore, in addition to the native organic 

carbon, BTEXs are contributing as a carbon source to drive reductive dechlorination. 

4.2.17 pH 

.a. .._, 

pH is a measurement of the hydrogen ion (H’) concentration in terms of its negative logarithm. The scale 

ranges from 0 to 14; values less than 7 indicate acidicity and values grater than 7 indicate basic solutions. 

pH affects the presence and efficiency of bacterial populations in natural groundwater conditions. Neutral 

groundwater (i.e., pH 7) is the preferred condition for most microbes. 

The pH values collected during the two sampling events ranged from 6.68 to 7.40. This irldicates 

generally neutral groundwater, which is conducive to intrinsic bioremediation. 

4.2.18 Specific Conductivity 

Specific conductivity (microsiemens per centimeter [mS/cm]) is a measure of a solution’s ability to carry an 

electrical current, and is controlled by the different quantities and types of ions in the solution. Generally, 

conductivity increases as ion concentration increases and can fluctuate within a plume based uipon the 

geochemistry at that particular location. Conductivity is most frequently used as an indicatlor of a 

consistent groundwater source. For example, different water sources may have significantly different 

conductivity values. 

Specific conductivity values during the May sampling ranged from 0.479 mS/cm in upgradient well SSMW- 

12 to 14.2 mS/cm in downgradient well S9MW-21. Similar results were observed during the November 

sampling when specific conductivity ranged from 0.680 mS/cm in upgradient well SSMW-13 to 18 mS/cm 

in downgradient well S9MW-21. This fluctuation indicates the increasing proximity of the downgradient 

wells to the highly conductive, saline lagoon immediately north of the site. 
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4.2.19 Temperature 

The temperature of groundwater affects the solubility of oxygen and other geochemical species, as well as 

the metabolic activity bacteria. Microbes are generally more active in warm water. The rate of 

hydrocarbon bioremediation doubles for every IO-degree Celsius (“C) increase in temperature (referred to 

as the “Q,; rule) in the range of 5 to 25 “C (AFCEE, 1996) 

Temperatures during May ranged from 31.8 “C in upgradient well S9MW-17 to 25.9 “C in downgradient 

well S9MW-22. During the November sampling, temperature values ranged from 31.6 “C in upgradient 

well S9MW5 to 26.7 “C in downgradient well S9MW-24. This fluctuation indicates the increasing proximity 

of the downgradient wells to the cooler lagoon immediately north of the site. These temperatures are well 

within the range of values acceptable for bioremediation to take place. 
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TABLE 4-I 

SWMU 9 NATURAL ATTENUATION ANALYTICAL RESULT - MAY 1998 

q4onitrile (AL - 8 trg11) 

Methylethylketone (2-butanone) 
A -Jnn .,“,I\ 

t 
ND ND ND ND ND ND ND ND 1 ND 1 ND 1 20’ 1 ND 1 ND 

ND ND ND ND ND ND ND 

I I ND 1 ND I ND I ND I ND 1 ND 1 ND 1 

Dissolved inorganic Carbon 318 NA NA 555.0 181 .O NA 324.0 258.0 318.0 420.0 375.0 NA 511.0 

(msN 
Dissolved Oxvoen (ma/l) 0 NA NA 0 0 NA 0 0 0 0 0 NA 0 

Carbon Dioxide (mg/l) 
Ferrous Iron (mg/l) 

Hvdrooen Sulfide tmall) 

h 

1 
64.2 NA N/ 4 1 159.0 1 42.9 1 NA 1 66.8 1 60.0 1 68.4 1 156.8 1 120.0 1 NA 1 

t 
116.4 

0 NA NA 1 0 1 0 1 NA 1 0 1 0 1 0 1 0 1 0 1 NA I 0 

5.0 NA NA 1 5.0 1 5.0 1 NA 1 5.0 1 5.0 1 5.0 1 5.0 1 5.0 1 NA 1 5.0 
,--“- ~~ ~. .,, 

.Jlethane (pg11) 32 NA NA 1,000.0 2 NA 30 40 17 61 44 NA 25 

ORP (Eh) -212 NA -212 -228 -230 NA -189 -190 -210 -218 -224 -210 -182 

nH 7.38 6.83 7.27 8.97 7.34 7.26 7.05 7.09 7.17 6.98 7.02 7.19 7 

L Temperature 1 26.6 I 30.2 1 29.2 1 26.2 26.8 1 29.8 

Alkalinity (pg/l) 

Chloride (pgll) 
Ccdinihr /%\ 

! 28.0 1 31.8 1 28.4 1 26.4 1 25.9 1 26.6 26.0 

340.0 1 230.0 1 340.0 1 420.0 1 380.0 1 NA I 420.0 320.0 NA NA 380.0 210.0 NA 
170.0 NA NA 490.0 40.0 NA 2.200.0 1 1.900.0 1 4,000.0 3,600.O 1 NA 

n na n nr, -,-- n ns -.-- 0.01 0.02 I 0.02 I 0.33 I 0.82 

NA I NA 47 NA 34.0 420.0 820.0 

1.5 NA 0 1.7 2.0 
I 

6.7 NA 2.6 3.1 9.8 17.0 1 NA 1 24.0 

ND ND ND ND ND 1 ND 1 ND 1 ND 
., ., , 

Phosphate (rrg/l) ND 1 ND 1 ND 1 ND ND ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 

Ferric Iron (ugll) ND / ND 1 ND j ND ND ND 1 ND 1 ND 1 ND 1 ND 1 ND / ND 1 ND 

1 -Validated estimated laboratory value “J” 
2 -Validated detected value less than action level (AL) 
NA - Parameter not analyzed 
ND - Not Detected 



TABLE 4-2 
SWMU 9 NATURAL ATTENUATION ANALYTICAL RESULTS - NOVEMBER 1998 

PAGE 1 OF 2 

’ Field analyses is alkalinity/DIG concentration 
NA - Not Analyzed 
ND - Not Detected 
DF - Duplicate filtered 
D - Duplicate 
AL - Action level 
BTEXs - Benzene, toluene, ethylbenzene and xylenes 



TABLE 4-2 
SWMU 9 NATURAL ATTENUATION ANALYTICAL RESULTS - NOVEMBER 1998 

PAGE 2 OF 2 

I Parameter I I SS-MWS 4 S9-MW23 S9-MW23DF S9-MW24 S9-MW24D SS-MW15 SS-MWRW2 
1 Lab 1 Field Lab 1 Field Lab 1 Field Lab 1 Field Lab I Field Lab I Field Lab 1 Field 

Cis-1 .Pdichloroethene I 31 NA 4.61 NA NDi NA 60.25 1 NA ND 1 NA 2801 NA ND1 NA 
(ps/Lj 

Trans-1 ,Pdichloroethene 
(l.lg/L) 
Total 1,2-Dichloroethene 
(AL - 4.2 pg/L) 
Benzene (AL - 5 pg/L) 
Ethylbenzene @g/L) 
Total BTEXs 
Total Petroleum 
Hydrocarbons @g/L) 

5.2 NA 13 NA ND NA 105.25 NA ND NA 820 NA ND NA 

8.2 NA 17.6 NA ND NA 165.5 NA ND NA 1100 NA ND NA 

ND NA ND NA ND NA ND NA ND NA ND NA ND NA 
ND NA ND NA ND NA ND NA ND NA ND NA ND N/J- 
ND NA ND NA ND NA ND NA ND NA ND NA ND NA- 
ND NA ND NA ND NA ND NA ND NA ND NA ND NA 

Oxygen (mg/L) 0.65 1 0.00 1 0.63 1 
d-l I 7.07 I NA 1 7.26 I 

’ Field Analyses is Alkalinity/DIG Concentration 
NA - Not Analyzed 
ND - Not Detecied 
DF - Duplicate Filtered 
D - Duplicate 
AL - Action level 
BETXs - Benzene, toluene, ethylbenzene and xylenes 
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5.0 SUMMARY AND CONCLUSIONS 

5.1 INVESTIGATION SUMMARY 

. . 

As stated in the Draft EPA Region 4 Suggested Practices for Evaluation of a Site for Natural Attenuation 

(Biological Degradation)’ of Chlorinated Solvents (USEPA, 1997): ‘Natural ktenuation in ground-watei 

systems results from the integration of several subsurface attenuation mechanisms that are classified as 

either destructive -6r nondestructive. Biodegradation is the most important destructive attenuation 

mechanism.” Therefore, it is important to be able to estimate the potential for natural biodegradation 

when selecting a remedial alternative. Depending upon the nature and extent of groundwater 

contamination, natural attenuation may be sufficient to be the sole remedial alternative for groundwater 

remediation at some sites. At other sites, natural attenuation alone would be insufficient to be protective 

of human health and the environment. However, natural attenuation processes could be used to facilitate 

more active forms of groundwater remediation. 

To determine the efficiency of intrinsic biological processes to degrade a chlorinated hydrocarbon 

groundwater plume, the following data are required: 

l Hydrogeological 

. Plume geometry 

l Adsorption parameters 

l Biodegradation indicators 

0 Contamir&nt concentrations 

Prior to May 1998 the data collected at SWMU 9 included only hydrogeological, plume geometry, and 

contaminant concentration information. Adsorption parameters can be reasonably estimated based on 

accepted literature values. The parameters that cannot be estimated are the biodegradation indicators. 

Therefore, biodegradation indicators and more recent contaminant concentrations were collected during 

the May 1998 natural attenuation screening study at SWMU 9. In November 1998, additional (data on 

chemical parameters were collected to confirm the biological processes identified during the May 

sampling. In the fall, particular emphasis was given to analysis of dissolved gasses that provide evidence 

for the natural attenuation processes. 
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5.2 NATURAL ATTENUATION OVERVIEW 

Chlorinated hydrocarbons have been shown to biodegrade along three primary pathways; as an electron 

acceptor; as an electron donor; or through cometabolism. 

5.2.1 Electron Acceptor Reactions 

Most commonly, highly chlorinated hydrocarbons can be used as electron acceptors. This process results 

in the reductive dechlorination of the solvent mass.. During reductive dechlorination, a chlorine atom is 

removed and replaced by a hydrogen atom. Dechlorination typically occurs a sequentially from most 

chlorinated to least chlorinated as seen in Figure 5-1. If tetrachloroethene (PCE) (C&l,) is the source 

product, it will most likely be reduced to trichlorethene (TCE) (&HCl,). TCE which can be the source 

product or a daughter product of PCE reduction will be reduced to dichloroethene (DCE) (C2H&I& DCE 

can be reduced to vinyl chloride, although this process is not as efficient as reduction of the more 

chlorinated compounds. Therefore, in a plume that originated as PCE or TCE, there frequently is an 

accumulation of DCE as the daughter product. Typically, the primary daughter product of PCE and/or 

ICE is cis-1,2-DCE. Trans-1,2-DCE also can be produced. Less frequently, 1 ,l -DCE can be produced. 

In addition, some isomers of DCE, particularly trans-1,2-DCE, can be product sources themselves. If the 

amount of cis-1,2-DCE is greater than that of trans-1,2-DCE, the DCE is likely a daughter product of TCE 

rather than a, source product. Vinyl chloride (VC) can be reduced to ethene and then to ethane under 

these reducing conditions but this occurs at a much slower rate than the reduction of PCE, TCE, and even 

DCE. Therefore, VC may tend to accumulate in the source area or along the downgradient edge of the 

plume. 

Methanogenesis and sulfate reduction are the most efficient and common reduction pathways of reductive 

dechlorination. Other, less common, pathways include nitrate- and iron-reducing conditions. 

Electron Donor Reactions 

Microbes are incapable of reducing PCE and TCE utilizing electron donor reactions (Murray and 

Richardson, 1993). However, it also has been documented that several of the less chlorinated 

hydrocarbons, such as VC, can be utilized as the primary substrate in both aerobic and anaerobic 

environments (McCarty and Semprini, 1994). When utilized as the primary substrate, vinyl chloride can 

be mineralized into carbon dioxide, water, and chloride ions. 
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5.2.3 Cometaboiism 

Cometabolism involves the biodegradation of a chlorinated hydrocarbon using an enzyme or cofactor that 

is incidentally produced by microbes for other purposes, such as the degradation of BTEXs o/r other 

carbon source. The organism does not benefit from the degradation of the chlorinated hydrocarbon, and 

may actually be harmed by the process. Most cases of cometabolism have been documented under 

aerobic conditions. 

5.3 GEOCHEMICAL BEHAVIOR OF CHLORINATED PLUMES 

Chlorinated hydrocarbon plumes have been documented to exhibit three types of “behavior depending 

the nature and extent of contamination, available carbon, and the type of electron acceptors available. 

Type 1 behavior describes a chlorinated solvent plume where the primary substrate is anthropogenic 

carbon such as BTEXs or landfill leachate. The biodegradation of the anthropogenic carbon source drives 

the reductive dechlorination of the solvent. This is a very efficient process for the dechlorination of the 

more highly chlorinated solvents such as PCE, TCE, and DCE. Although vinyl chloride can be reduced 

anaerobically into ethene and further to ethane, this process occurs much more slowly than PCE, TCE, 

and DCE dechlorination. Therefore, under strictly Type 1 behavior, vinyl chloride will tend to accumulate 

in the source area or along the downgradient edge of the plume. 

Type 2 behavior describes a chlorinated solvent plume where the primary substrate is native organic 

carbon. The biodegradation of the native carbon source drives the reductive dechlorination of the solvent. 

This is very similar to Type 1 behavior but is not as efficient for the dechlorination of the more highly 

chlorinated solvents. As with Type 1 behavior, vinyl chloride will tend to accumulate in the source area or 

along the downgradient edge of the plume. 

Type 3 behavior describes a chlorinated solvent plume’where there is an inadequate source of either 

native or anthropogenic carbon to drive reductive dechlorination. In this case, the dissolved oxygen that is 

typically present in an aquifer is not utilized and the plume remains aerobic. Under Type 3 behavior, 

reductive dechlorination will not occur. However, under such aerobic conditions vinyl chloride can be 

rapidly oxidized directly to carbon dioxide, water, and chloride ions. 
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5.4 STUDY RESULTS 

5.4.1 Natural Attenuation Screenina Matrix 

In accordance with the Draft USEPA Region 4 guidance (USEPA, 1997), the analytical data were 

evaluated quantitatively using a preliminary screening matrix’to derive an interpretive score. The scores 

range in value from 0 to 32, assuming proof of daughter product generation is not possible. A maximum’ 

of 43 points is possible, assuming all potential daughter products are present and can be proven as 

degradation components. The following table presents the range of possible scores and provides an 

interpretation for each score. 

Score 

0 to 5 

Interpretation 

Inadequate evidence for biodegradation of chlorinated organics 

6to14 

15to20 

Limited evidence for biodegradation of chlorinated organics 

Adequate evidence for biodegradation of chlorinated organics 

I >20 I Strong evidence for biodegradation of chlorinated organics I 

The Region 4 screening approach is very similar to that presented in the USEPA Technical Protocol for 

Evaluation Natural Attenuation of Chlorinated Solvents in Groundwater (USEPA, 1998). There are minor 

differences in the number of points awarded for methane, pH, etheneiethane, and several daughter 

products. For SWMU 9, there is no significant difference in the outcome of the scoring between the two 

approaches. 

In May 1998, during the initial screening evaluation, the site scored 21. In November 1998, the site scored 

24. The November score of 24 was refined by the analyses of the dissolved gasses and includes the May 

results for BTEXs (collected prior to Hurricane Georges). The results are presented in Table 5-1. Scores 

greater than 20 indicate ‘strong” evidence for biodegradation of chlorinated organics. 

5.4.2 Denradation Pathwavs 

In May 1998, the well closest to the apparent source area (SSMW-15) contained TCE (350 us/l), cis-1,2- 

DCE (1300 us/L), and trans-1,2-DCE (4000 ug/L). The leading edge of the plume consisted solely of cis- 

and trans-1,2-DCE, with no TCE detected. At that time, TCE was assumed to be the original source of 
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*.. 
chlorinated solvent at the site, and that it had degraded almost entirely to cis- and trans-1,2-DCE. 

Concentrations of cis- and trans-1,2-DCE decrease consistently in the downgradient direction to 146 ug/L 

and 22 ug/L total DCE in wells S9MW-21 and S9MW-22, respectively. 

9 . 

In November 1998, the apparent source area remained around S9MW-15 with detectable concentrations 

of cis-1,2-DCE (280 ug/L), and trans-1,2-DCE (820 ug/L). Again the leading edge of the plume consisted 

solely of cis- and trans-l,PDCE, with no TCE detected. No TCE was detected in any of the SWMUS 

wells. The decrease in contaminant levels is discussed further in Section 5.4.3. 

A review of historical groundwater contaminant data indicates the possibility that two contaminant sources 

exist at SWMU 9. Many individual wells historically have had greater concentrations of trans-1,BDCE 

than cis-1,PDCE. This indicates that DCE was one of the source products at the site. In additiom, TCE 

historically has been present in wells SSMW-15, S9MW-24, and S9MW-22. PCE has not been identified 

in any wells in the past. Therefore, it is likely that TCE also is a source product. 

It appears that the groundwater plume at SWMU 9 is exhibiting mixed behavior (Type 1 and Type:2). 

BTEXs have been detected consistently in upgradient well S9MW-5, and historically in S9MWi2 and other 

site wells. Considering the general lack of dissolved oxygen across the site, and BTEXs recalcitrance to 

anaerobic degradation, one would have expected the BTEXs to have migrated downgradient over time. 

Since this is not the case, it is likely that the BTEXs is being used as the primary substrate, or co- 

substrate, to drive reductive dechlorination of the solvent (Type 1 behavior). However, there appears to 

be an insufficient supply of BTEXs to promote Type 1 behavior over a significant area of the plume. So, 

across the majority of the site, natural organic carbon is being used as the primary substrate to drive 

reductive dechlorination (Type 2 behavior). It is clear that methanogenesis and sulfate reduction are the 

reductive pathways active at the site. Carbon dioxide and sulfate are being used as electron acceptors, 

resulting in the generation of methane, sulfide, chloride, and carbon dioxide. 

Both Type 1 and Type 2 behaviors are relatively efficient natural processes for the dechlorination of TCE 

.and DCE. Although VC can be reduced anaerobically into ethene and further to ethane, this process 

occurs much more slowly than the dechlorination of TCE or DCE. Because of this one would expect VC 

to accumulate in the source area or along the downgradient edge of the plume at SWMU 9. VC can be 

mineralized (oxidized) into carbon dioxide, water, and chloride, under aerobic (Type 3) conditions. 

However, both the May and November 1998 analyses indicated the groundwater at SWMU 9 is generally 

anaerobic, which would prohibite VC oxidation. There is however minimal oxygen (cl.Omg/L) both 

upgradient and along the downgradient edge of the plume. 
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Several possibilities could explain the lack of VC accumulation at SWMU 9. It is most likely that natural 

attenuation at the site, is reducing TCE to DCE. Methanogenesis and sulfate reduction are the active 

anaerobic pathways of the natural attenuation, as evidenced by increased methane and sulfide ion 

concentrations across the. site. It is generally understood that sulfate, present at such high natural 

concentration in the aquifer, would simultaneously compete with the hydrocarbon plume as an electron 

acceptor, resulting in competitive exclusion of dechlorination. This would greatly reduce the’dechlorination . 

process, resulting in the accumulation of DCE. 
_. 

. 

* 5.4.3 Effect of Hurricane Georaes 

During 1998, two independent rounds of groundwater samples were collected at SWMU 9. The initial 

sampling occurred May 1998. Sample analyses included VOCs and natural attenuation (NA) screening 

parameters. The May sampling identified VOCs in groundwater at concentrations significantly greater 

than had been encountered during previous sampling events. The NA screening parameters identified 

several potential bioremediation pathways. However, because such high VOC concentrations were not 

anticipated, the NA parameter suite had not been designed to provide a comprehensive evaluation of the 

site. Rather it had been designed to provide data to support long-term monitoring. 

Because of the elevated VOC concentrations in May, a second round of groundwater samples was 

collected 6 months later, in November 1998. The intent of the second sampling was to confirm the May 

VOC results and provide additional geochemical data to support a comprehensive evaluation of NA. 

The November sampling, however, contradicted the May sampling and indicated significantly reduced 

VOC concentrations. The November i998 concentrations of VOCs were approximately one fifth the 

concentrations detected during May 1998. The marked difference in the concentrations of VOCs is most 

likely attributed to the September 25, 1998 Category 1 Hurricane (Georges) that passed directly over Key 

West. Although physical damage to the island was minimal, the hurricane resulted in a significant 

precipitation event. Rainfall during the hurricane was measured at 8 inches. As a result, the shallow 

surficial aquifer at SWMU 9 experienced significant amounts of precipitation, infiltration, and tidal 

fluctuation that that at least temporarily flushed the VOCs from the surficial aquifer. 

This fluctuation in groundwater contaminant levels is not unusual following a significant precipitation event. 

Such natural anomalies as hurricanes have, in the past, permanently reduced soluble contaminant 

concentrations at other sites. However, because of the large paved apron over the source area, it is 

anticipated that in the future the contaminant levels will fully or partially return to those identified prior to 

the hurricane. 
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The conceptual model for this temporal fluctuation is as follows: during periods of low precipitation, 

surficial groundwater will naturally mound under the large paved portions of the site because of the lack of 

evaporation beneath the apron. The mounding results in seepage of contaminants out from un.der the 

apron. In addition, dispersion and dilution (flushing) of the aquifer as well as the hydraulic gradiient are 

greatly reduced during such dry periods. Therefore, the partitioning (desorption) of VOCs from the 

soiisediment matrix into the groundwater is enhanced. This causes a rel,atively stagnant grbundwater . 
plume which results in high apparent contaminant concentrations. Because of heavy or &cent rain . 

. 

events, however, groundwater will frequently become depressed under a targe paved apron. This is’ 

caused by the lack of natural infiltration through the apron, as well as the large infiltration line-source along 

the edge of the aptin. In addition, dispersion and dilution of the aquifer, as well as the hydraulic gradient, 

are greatly enhanced during such wet periods. Therefore, the partitioning of VOCs from the soil/sediment 

matrix into the groundwater is reduced. This results in low apparent contaminant concentrations. 

,. 

This scenario is similar to that observed during pump-and-treat remediation when contaminant 

concentrations rebound significantly after the pumping stops. The specific transport processes th6t 

generate this type of behavior include: 

l diffusion of contaminants in low permeability sediments 

l hydrodynamic isolation (‘dead spots’) within the plume 

l desorption of contaminants from sediment surfaces 

l liquid-liquid partitioning of immiscible contaminants 

These hydrogeological processes are detailed in Performance Evaluations of Pump-and-Treat 

Remediations (EPA/540/4-89/005, October 1989). 

The contaminant fluctuations identified between the two sampling events provide an excellent illustration 

of seasonal and temporal variations. In fact, these two sampling events more than likely reflect two 

extreme situations at the site, with the mean VOC concentrations of the plume falling somewhere between 

them. 

_. >._ 

Despite the significant flushing as a result of the hurricane, the dissolved gasses and geochemical 

parameters collected during the May and November samplings confirm the NA processes active at the 

site. The dissolved hydrogen data identified both methanogenic and sulfate reducing conditions within the 

groundwater plume. In addition, the decrease in DCE in the downgradient direction corresponds to 

increased CO2 concentrations. That fact along with the presence of ethane and ethene in the area, 

supports natural attenuation of chlorinated hydrocarbons. The lines of evidence indicative of natural 

attenuation at SWMU 9 are: 
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l ’ decrease in concentrations of original product 

. increase in the occurrence of the daughter products 

l depletion of dissolved oxygen and sulfate 

. increased carbon dioxide, methane, ethane, ethene, and hydrogen 

It is anticipated that the flushing because of the hurricane wouid equally diminish VOCs and NA 

parameters. Therefore, the presence of the dissolved gasses and geochemical parameters during the 

November sampling event provided confirming evidence of the NA processes active at the site. 

5.4.4 Modelina Results 

The modeling results indicate that the predicted future maximum surface water concentrations for the four 

chemicals contaminants (cis-1 ,2-dichloroethene, trans-1 ,Bdichloroethene, trichloroethene, and benzene) 

are substantially below their surface water criteria: 11,600 &r/L, 1,350 ug/L, 81 ug/L, and 71 ug/L, 

respectively. Projected surface water concentrations in the small pond are: cis-1,2-DCE (131 @L), 

trans-1,2-DCE (373 ug/L), TCE (3 ugR), and benzene (0.02 PgR 

Based on the modeling results the sentry well was located 50 feet southeast of S9MW-22. An estimated 

3.6 to 9 years will be required for the peak groundwater concentrations to move from the sentry weli to the 

downgradient’surface water pond. This time frame is sufficient to allow for responsive corrective action, if 

necessary, prior to any exceedence of surface water criteria. 

5.4.5 Conclusions 

Based upon the past and current plume configuration, results of geochemical testing, and simple transport 

modeling, it is apparent that natural attenuation processes are occurring at the project site. 

The recommendations in the Revision 0 Report (August 1998), resulted in the November natural 

attenuation sampling. That effort was designed to determine the exact natural attenuation processes at 

work in the SWMU 9 groundwater. To determine the processes at work, additional groundwater screening 

samples were collected in September 1998 to locate the downgradient edge of the chlorinated solvent 

plume. Further, groundwater modeling confirmed that the plume is not a threat to the downgradient 

lagoon and located a sentry well between the plume and the lagoon. In November 1998, a mobile 

laboratory performed onsite analyses of natural attenuation parameters, specifically dissolved gasses, as 

part of the groundwater evaluation. The evaluation also included another round of groundwater analyses 

for V0C.s. 
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The chlorinated groundwater plumes at SWMU 9 are exhibiting mixed behavior (Type 1 and Type 2). In ,. 

the vicinity of S9MW-5 BTEXs is being used as the primary substrate, or co-substrate, to drive reductive 

dechlorination of the solvent mass (Type 1 behavior). For the remainder of the site, natural organic 

carbon is being used as the primary substrate to drive reductive dechlorination (Type 2 behavior). . 

Methanogenesis and sulfate reduction are the most active reductive pathways at the site. Carbon dioxide 

and sulfate are being used as electron acceptors, resulting in the generation of methane, sulfide, chloride, 

and carbon dioxide. The apparent source materials, TCE and DCE have been degraded to cis-1,2-DCE 

and trans-1,2-DCE. These DCE isomers are undergoing degradation although the rate of reduction is 

slow. Sulfate is present at high natural concentrations in the aquifer and may be competing with the DCE 

as an electron acceptor. Competitive exclusion of dechlorination is not occurring as previously believed. 

Although it may be reducing the overall efficiency of DCE dechlorination, it has not stopped the process, 

as evidenced by the concentration of ethane, ethene, and minimal downgradient migration over the years. 

5.4.6 Recommendations 

The effort put forth since the issuance of the Revision 0 Report (August 1998) answered a number of 

open questions regarding the natural attenuation processes at SWMU 9. It is based on the conclusions of 

these efforts that the following recommendations are made. 

In accordance with the 1995 NAS Key West RCRA Part B Permit, a Corrective Measures Study (CMS) is 

required for SWMU 9. Given the small size of the site and the numerous studies that ha.s been 

performed, it is recommended that the CMS focus on no more than four activities for the site. Those 

activities include no action, long-term monitoring for VOCs, monitored natural attenuation (includes VOCs 

and attenuation parameters), and enhanced in-situ bioremediation technologies. Each activity, except the 

no action, will likely include some form of land-use controls. The information in this report will support the 

evaluation of each of these activities under taken by the SWMU 9 focused CMS. 
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TABLE 5-l 

ANALYTICAL PARAMETERS AND WEIGHTING FOR 
PRELIMINARY NATURAL ATTENUATION SCREENING 

. (PAGE 1 OF 2) ., 

Contaminated 
Zone SWMU 9* Available Site 

Analyte Units Concentration Concentration Points Points Interpretation 

Dissolved Oxygen mg/L co.5 0 . 3 0 Tolerated; suppresses reductive 
dechlorination at higher 

. concentrations 

mg/L >1 0 -3 0 Vinyl chloride may be oxidized 
aerobically, but reductive 
dechlorination will not occur 

Nitrate mg/L cl 0 2 2 May compete with reductive 
pathway at higher concentrations 

Ferrous iron (Fe2+) mg/L Z-1 0 3 0 Reductive pathway possible 
Sulfate mg/L <20 1,060 2 0 May compete with reductive 

pathway at higher concentrations 
Sulfide mg/L 2-1 z-5 3 3 Reductive pathway possible _ 
Methane mg/L >O.l 3.245 2 0 Ultimate reductive daughter 

product 

mg/L >l 3.245 3 3 Vinyl chloride accumulates 

mg/L <l 3.245 0 0 Vinyl chloride oxidizes 
ORP (Eh) mv c50 -320 1 0 Reductive pathway possible 

mV x-100 -320 2 2 Reductive pathway possible 

PH units 5<pHc9 7.4 - - Tolerated range for reductive 
pathway 

DOC mglL Z-20 24 2 2 Carbon and energy source; 
drives dechlorination; can be 
natural or anthropogenic 

Temperature deg-C >20 31.6 1 1 At T> 20 C, biochemical process 
is accelerated 

Carbon Dioxide WL >2x BG 159/l 8.7 1. 1 Ultimate oxidative daughter 
product 

Alkalinity mg/L >2x BG 535/l 85(Alk.) 1 1 Results from interaction of 
carbon dioxide with aquifer 
minerals 

Chloride mg/L >2x BG 5.9201665 2 2 Daughter product of organic 
chlorine; compare chloride in 
plume to background conditions 

Hydrogen nM >l 8.20 3 3 Reductive pathway possible; 
vinyl chloride may accumulate 

nM <l 8.20 0 0 Vinyl chloride oxidized 
Volatile Fatty Acids mg/L >O.l Na 2 Na Intermediates resulting from 

biodegradation of aromatic 
compounds; carbon and energy 
source 

BTEX mgR >O.l 3.25 2 2 Carbon and energy source; 
drives dechlorination 

Perchloroethene mg/L 0 - Material released 
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ANALYTICAL PARAMETERS AND WEIGHTING FOR 
PRELIMINARY NATURAL ATTENUATION SCREENING 

. (PAGE 2 OF 2) . 

richloroethene 

EtheneIEthane 
I 

Contaminated 
Zone 

I 

SWMU 9’ 

I 

Available 
Units 

mg/L I 

Concentration Concentration Points 

WL 

>O.l 6.7E-7 

0.0 : 

3 

2 lb) 

mslL 1.1 2 04 

mslL 0 2 (b) 

mglL >O.Ol 6.7E-7 2 

Site 
Points 

I 

Interpretation 

0 

(chloride/ethene 

Material released or daughter 
product of perchloroethene 

2 Material released or daughter 

1 0 IDaughter product of vinyl 

product of trichloroethene 
0 Material released or daughter 

product of dichloroethenes 
~ 0 Daughter product of vinyl 

0 
chloride/ethene 

2 03 0 Daughter product of vinyl 
chloride under reducing ” 

1 ,l ,1 -trichloroethane 
1,l -dichloroethene 

I I I trichloroethane . ’ 
Total Score 1 43 I24 1 

mg/L 
mg/L 

0 
0 

conditions 
- Material released 
- Daughter product of 

chemical reaction of 1 .I .l- 

Reference: Draft Region IV Approach to Natural Attenuation of Chlorinated Solvents 
*Value may be an average of two or more numbers or a maximum detection. 
(b) - Points awarded only if it can be shown that the compound is a daughter product. 
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Figure 5-l. Flow Diagram 
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FIELD LOG OF BORING WEUNO.~ MivZ,’ BROWN and ROOT 
EJUVJRONMENTAL SHEET I OF- 2 

IRIWNG CONTRACTOR: 

PROJECT: )\I 43 \<cy \nltr +- JOB NO.: NlOi) c BORING NO.: s 9 f’4bw t-5 

i “a 
S\n/M~ 9 LOGGED By: TOTAL DEPTH: ISO’ BSS 

S URFACE ELEV.: DATUM: 

S :TARt. TIME: 

i 

ilL 30 DATE: Ii /17/q 

F 1NISl-L TIME: 13~00 

WATER DEPTH: 

TAT: i+;r,pr,, 

L I 

IRIUER’S NAME: 

)RILL RIG TYPE: cme-75 

tORING MEfHOD: 4 %I ’ k&k- S-km &&qtp 

IOLE DIAMETER: fk 8!’ DATE: 

TIME 

IACKFlUED. TIME: N t% DATE: h/i 

.OfATION OF BORING: hu2Z 
e.9 

;AMPUNG METHOD: &we - 

iAMblER WGT.: tJ k+ -. IDROP HGT: N h- 

:ONDJTlONS: sb” - P+j. c\ h’- 

n a+ Can RccK 
e@ 

MW 25 



BROWN and ROUT 
ENVIRONMENTAL 

FIELD LOG OF BORING WELLNO. 59MWZ~ 

SHER 2 OF 2 

JOB NO.: N7UY 6 BORING NO.: 

LOGGED BY: A. \ci~d-‘c& TOTAL DEPTH: 

>RILLlNG CONTRACTOR: fl-e&W00 04 I\: n\5 

IRIUER’S NAME: 

SURFACE ELEV.: DATUM: 

START. TIME: Iit 30 DATEZ \*I 17/ 4s 

FINISH. TIME: \3! 00 DATE: qt7 4g 

WATEJ3 DEPTH: 

DATE: 

)RILL RIG TYPE: CME-75 

3ORING METHOD: YW’ HSA 

IOLE DIAMETER: !+ 8 “ 

TIME: I 

BACKFILLED, TIME:- ti 1% DATE: tJ A 

I LOCATION OF BORING: 

SAMPLING Ml3HOD: No4&: 

4AMMER WC-f.: ‘ic\ A DROP HGT: H/j 

:ONDKlONS: 



M.,ON!T&UC WELL SHEET 

>ROJECT NAS MCY U/es+ 

‘ROJECT NO. f4 70 LI 6 METHOD - 
DEVELOPMENT 

ELEVATiON TOP OF RISER: 
. 

: 

TYPE OF SURFACE SEAL 

IWE OF PROTECTIVE CASING: 
I.D. OF PROTECTIVE CASING: 

DIAMETER OF HOLE: 

TYPE OF RISER PIPE: 2” s&D. Yo PVC. 

RISER PIPE I.D.: 

DEPlH/ELEVAllON TOP OF SAND: 

DEPTH/ELEVATION TOP OF SCREEN: 

SLOT SIZE x LENGTH: 

TYPE OF SAND PACK: 20-30 S5.S 

DIAMETER OF HOLE W-WBR%K: 

DEPl’H/ELEVATlON BOlTOM OF SCREEN: 
DEPTH/ELEVATION BOTTOM OF SAND: 
DEPM/ELEVATlON BO77OM OF H 



WELL DEVELOPMENT FORM ’ 

Well Number 54MW 25 

Site Name JIAS \&y WC&+- swvuru *Q 

Date and Time Well Installed I( !r 7 1 Q 0 

Well Stickup 

Total Depth Of Well ft below top of casing 

Static Level Before Purging NA ft below top of casing 

Inside Diameter of Well 2 ” inches 

One Casing Volume gallons 

V=O.l632h (2 inch diameter casing) 

h=height of water column 

WELL DEVELOPMENT NOTES 

Casing Volumes Removed &3- 6-a I.\ 

Time Completed 15:(30 
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B.l .O INTRODUCTION 

B.l .I PURPOSE AND SCOPE 

The following sections present technical discussions and results of groundwater modeling at SWlNlU 9 for 

the Naval Air Station (NAS), Key West, Florida. SWMU 9, the Jet Engine Test Cell site associated with 

Building A-969, is located in the northeastern portion of the Boca Chica Airfield (Figure B-l). 

A groundwater pump and treat system was installed in 1996 and operated for one year to remove solvent 

contamination. Subsequently, an additional study was conducted in May 1998 to identify the natural 

attenuation processes that exist at the site and to determine if they are sufficient to be protective of the 

onsite ‘lagoon. As indicated in the Natural Attenuation Study report, natural attenuation processes appear 

to be occurring at the project site and may be used to facilitate more active forms of groundwater 

remediation. This modeling has been conducted to support the final remedial alternative of mjonitored 

site-wide natural attenuation. 

The modeling work performed consists of the following two tasks: 

l TASK 1 - Calculation of the surface water concentrations at the exposure point by natural attenuation 

processes under the most recent conditions. 

l TASK 2 - Determination of the location of the new shallow monitoring well (sentry well). 

Task 1 is to determine whether surface water quality criteria at the selected downgradient exposure point will 

be exceeded in the future assuming groundwater remediation solely due to the natural attenuation 

processes. For Task 1, the exposure point is a single point downgradient of the source along the centerline 

of the plume where the groundwater enters the small surface water pond located approximately 50 feet 

northeast of groundwater screening sample SWMUS-GS-02. Groundwater travels to and discharges to the 

small surface water pond prior to further discharging to the lagoons. Acceptable surface water criteria were 

chosen as the most restrictive ARAR/SAL criteria. Four chemicals (cis-I,2 dichloroethene, trans-I ,2 

dichloroethene, trichloroethene, and benzene) were selected for modeling because these chemicals 

exceed the groundwater action levels based on 1998 groundwater sampling data. 

The computations considered natural processes affecting contaminant fate and transport in groundwater. 

Naturally occurring mechanisms will reduce contaminant concentrations in groundwater over time. The 

mechanisms/processes affecting chemical fate and transport in groundwater that were accounted for 

during the modeling include sorption, dilution, advection, dispersion, and chemical/biological decay. 
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Source area groundwater contaminant levels have been reduced substantially by the groundwater pump 

and treat operations, in addition, infiltration of rainfall into the aquifer will flush the aquifer with clean water. 

Task 2 was to determine the optimal location of the new sentry well for inclusion in a long-term monitoring 

well network. The new sentry well was installed to serve two purposes: (1) provide a more detailed 

description of the plume configuration along with the actual location of the leading edge of the plume, and 

(2) provide an additional downgradient geochemical monitoring point. The new sentry well can be used 

as a guard so as to allow a reasonable amount of time to respond to a projected exceedence of surface 

water criteria at the.downgradient pond, if any. 

The groundwater fate and transport modeling was accomplished through the use of a combined 

groundwater flow/contaminant fate and transport model. 

B.1.2 REPORT ORGANIZATION 

This appendix has been divided into four discrete sections. In addition to the introduction (Section B.l .O), 

Section B.2.0 presents the technical approach used for the groundwater fate and transport modeling. 

Section B.3.0 provides the input data used for the modeling. Section B.4.0 presents modeling results for 

SWMU 9. 
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B.2.0 GROUNDWATER FATE AND TRANSPORT MODELING DEVELOPMENT 

The technical approach used to develop the groundwater fate and transport modeling is described in the 

following subsections. The first subsection describes the analytical groundwater contaminant fate and 

transport model used for the task. The second subsection briefly describes the geology, hydrogeology, the 

pattern of contaminant releases, and the associated simplifying assumptions. 

B.2.1. GROUNDWATER MODEL TOOL 

The groundwater modeling was performed using the ECTran model (Chiou, et al., 1993). The ECTran 

(Excel-Crystal Ball Transport) model is an analytical contaminant fate and transport model, and is a 

multi-layer one-dimensional model based on straightforward mass-balances and advection/dispersion 

‘analytical equations. 

-,. 

The groundwater model is implemented on the spreadsheet software Excel 4.0 and Crystal Ball 3. The 

ECTran model can be used to simulate a variety of complex conditions. To date, ECTran and its 

predecessors have been employed at hazardous waste sites in U.S. EPA Regions III, IV, V, VI, and X to 

evaluate soil cleanup goals, cleanup time estimations, and to support baseline risk assessments. It has 

been approved for use at DOD, DOE, and industrial sites for both RCRA and CERCLA applications. 

The ECTran model simulates vertical contaminant transport with uniform (thickness, concentration, 

porosity, etc.) layers. The model predicts the contaminant concentration downgradient of the source at a 

single point at a specified distance from the exposure point, This predicted concentration is at the 

centerline of the contaminant plume. 

B.2.2 CONCEPTUAL MODEL 

A description of the conceptualization of the natural processes that govern groundwater flow and 

contaminant transport at the site is provided in this subsection. Section 8.2.2.1 briefly describes the 

geology and hydrogeology at SWMU 9. Section B.2.2.2 provides the site conceptual model. Sections 

B.2.2.3 and B.2.2.4 provide modeling procedures and assumptions. 

The following subsections provide only a summary of the physical characteristics of the site relevant to 

the modeling task. Additional details concerning the physical characteristics of the site can be found in 

Section 3.0 of the Supplemental RFI/RI Report (B&RE 1997). 
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The site is bordered to the south by an asphalt road that parallels a runway and to the east and west by 

grassy areas. The entire area is flat open, and covered with grass where it is not paved. An inlet of 

Florida Bay is located north of the site, approximately 250 feet from the former location of the canopy. 

Beginning in 1969, the site was used for the testing of recently repaired jet engines. No other activities 

have been conducted near the site. 

B.2.2.1 Site Physical Characteristics 

Geology and Soils 

The site-specific geology and hydrogeology of the. unit were determined from soil borings and from 

monitoring wells installed during the contamination assessment study, the groundwater evaluation study, 

and the Supplemental RFIIRI. Based on the soil borings results, oolitic limestone was encountered at the 

surface and was present to the termination of the borings at 13 feet below land surface (bls). The 

limestone was consistent in all borings, and no lateral or horizontal variations were apparent. According 

to ABB, the Miami Oolite is 27 feet thick (ABB 1995). 

The soils on Boca Chica Key are primarily rockland with some filled areas and mangrove swamps. Other 

major soil groups on Boca Chica Key are Uthorthents, which consist of gravely sand and marl, and 

Cudjoe, which consists of marl and weathered bedrock (ABB, 1995). The limestone was well 

consolidated with abundant shell fragments and medium- to fine-grain sand in the limestone matrix. The 

Standard Penetration Test (SPT) blow count indicated that the limestone is of medium to high density. 

Hydrogeology 

The hydrogeologic unit associated with the oolitic limestone is the surficial aquifer. Depth to groundwater 

was reported to be approximately 1 to 3 feet bls. High specific conductivity values can be expected for 

groundwater at the site due to the salt water inlet to the north. Recharge to the aquifer is directly through 

rainfall. Groundwater elevation data collected during previous studies indicated a predominantly northern 

groundwater flow direction, with some tidal influence. Tidal fluctuations decrease from 0.5 feet at the inlet 

to 0.2 feet closer to the monitoring well SSMWIO. Groundwater elevations measured on May 1998, were 

consistent with those recorded during previous investigations. Groundwater flow is in a north-northeast 

direction toward the lagoon based on the 1998 groundwater contour map (see Figure B-2). 

Pumping tests and slug tests were previously conducted at some existing monitoring wells at SWMU 9 to 

estimate hydraulic conductivity (K). The results based only on pump tests are summarized in Table B-2. 
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The average aquifer transmissivity value reported from pumping tests is approximately 9.4 x lo-* 

feet*/minute (or 134.8 feet2/day) (BEI, 1995). K values are estimated by dividing the transmissivity by the 

thickness of the surficial aquifer, which is assumed to be 27 feet based on historical data. A more 

representative geometrical mean K value was used for modeling. The geometric mean K value from all 

the surficial wells is 4.62 feet/day (ft./day). The seepage velocity (the rate at which groundwater moves 

through the aquifer) is estimated at 5.26 feet per year (fVyr). This seepage velocity was calculated using 

a geometric mean K value (4.62 ft/day), a hydraulic gradient of 0.0016 Wft, and an effective porosity of 

0.3. 

8.2.2.2 Site Conceptual Model 

Rainwater which falls on the site transports contaminants through runoff and/or by infiltrating into the soil. 

Runoff can transport contaminants from the surface soils being eroded by the runoff. This pathway is not 

considered to be significant for the site. A portion of the rainwater that falls on the site reaches the 

groundwater by directly infiltrating into the soil. As the water infiltrates through the contaminated soil, 

contaminants leach out of the soil and are transported with the water through the unsaturated zone to the 

shallow groundwater below. The contaminants can then be transported laterally with the groundwater and 

eventually enter the surface water body. 

In this study, upgradient groundwater flow is assumed to be clean (i.e., zero concentration). Upgradient 

flow will combine with infiltrated water and carry dissolved contaminants in the groundwatelr to the 

groundwater discharging point. Dissolved contaminants migrate through the groundwater at a slower 

velocity than the velocity of the groundwater. The amount of retardation is chemical-specific. Dilution and 

dispersion processes reduce concentrations as contaminants move through the groundwater regime. 

Also, the contaminant may decay in the environment by biological and/or chemical processes. Therefore, 

as contaminants migrate through the groundwater, they may decay and their concentrations decrease. 

Figure B-3 presents the site conceptual model. Conceptually, the groundwater contaminant migration 

pathway consists of an unsaturated zone and an unconfined aquifer. The shallow aquifer consists of the 

entire thickness of the oolitic limestone, based on geology and hydrogeology of the site. The layer 

conceptualization is reasonable since the primary route for contaminant migration in groundwater from 

SWMU 9 would be through the surficial aquifer. At SWMU 9, the typical depth to groundwater is 

estimated to be approximately 2 feet, which is determined as the thickness of the unsaturated zone. The 

modeled thickness of the saturated layer includes the entire surficial aquifer system, and is selected to be 

27 feet. The general groundwater flow direction in the surficial aquifer is to the north-northeast toward the 

B-5 



onsite lagoons (Figure B-2). Groundwater can travel both horizontally and vertically within the saturated 

zone. 

8.2.2.3 Groundwater Modeling Assumptions 

Modeling Assumptions 

Source Area 

The source area layout was selected based on the locations at which contaminants were detected. The 

source area is designated as a rectangular area with length parallel to groundwater flow direction, and 

width perpendicular to the flow direction. 

Layer Simulated in the Model 

The uppermost layer simulated in the ECTran model is the unsaturated zone. The bottommost layer 

simulated in the ECTran model is the shallow unconfined surficial aquifer (saturated zone). Using a single 

layer to represent the saturated zone is reasonable since the vertical extent of the plume was only 

encountered within the surficial aquifer. 

Initial Soil Concentration 

The initial soil concentrations under the source area were assumed to be the maximum detected 

concentrations in the historical soil samples. 

Modeling Time Frame 

The contaminant simulations were continued until the concentration at the exposure point peaked, then 

gradually dropped off in the aquifer by natural attenuation processes. 

Chemical Fate and Transport 

Several mechanisms/processes affecting chemical fate and transport in groundwater were accounted for 

during the groundwater modeling. They include sorption, dilution, advection, dispersion, and 

chemical/biological decay. Sorption is the reaction that occurs between the solute and the surfaces of 

solids causing the solute to bond by varying degrees to the surface. Dilution occurs because of the 

mixing of contaminated groundwater with unaffected groundwater. Advection is the primary mechanism 

responsible for the movement of contaminants as a consequence of groundwater flow. Dispersion occurs 
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because of fluid mixing due to effects of heterogeneities in the permeability distribution. Decay involves 

the degradation of a chemical by natural chemical and biological processes. 

B.2.2.4 Groundwater to Surface Water Assumptions 

For the purpose of concentration comparison in the same medium (i.e., surface water criteria against 

surface water concentrations), the predicted surface water concentrations at the small pond must be 

derived from the predicted groundwater concentrations developed by the modeling with ECTran. The 

following presents the theory of converting the groundwater concentration at the surface water/groundwater 

interface at the edge of the pond to a surface water concentration. First, the following equation is used to 

calculate the chemical mass flux in the groundwater at the groundwater/surface water interface. 

where: 

Qc = Chemical flux (mass/time) 

v Gw = Groundwater velocity (length/time) 

C, = Chemical concentration in the groundwater (mass/length3) (Predicted with the ECTran model) 

A = Cross sectional area of the mass flow (length’ ) 

and R,, is chemical specific retardation factor given by: 

where: 

R,, = Chemical specific retardation factor (dimensionless) 

pb = Dry bulk d ensity of soil (mass/length3) 

(1). 

(2) 

n = Porosity (dimensionless) 

K, = Soil /water partitioning coefficient (length?mass ) 
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Second, the total flow of groundwater is given by the groundwater velocity multiplied by the cross sectional 

area of the groundwater flow. The surface water concentration (or the seep concentration) (C,) is then equal 

to: 

e,. 
c., = ___ 

vw A 

After replacing Q, in Equation (3) by Equation (1) the groundwater velocity and the area cancel out so that 

the surface water concentration C, is the groundwater concentration C, divided by the retardation factor. 

c, = 2 (4) 

Equation (4) was used to calculate the surface water concentration based on the modeled groundwater 

concentration at the groundwaterkurface water interface. 
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B.3.0 INPUT DATA FOR MODELING 

B.3.1. CHEMICAL INPUT PARAMETERS 

The primary chemical input parameters include the initial contaminant concentrations, the soil/water 

partitioning coefficient (KJ, the exposure criteria, and chemical and biological decay half-lives. The 

chemical input parameters used in the modeling were obtained from the Supplemental RFVRI report 

(B&R, 1997) and the Natural Attenuation Study report (TtNUS, 1998). 

Modeled Chemical and initial Soil and Groundwater Concentrations 

Four chemicals were modeled since they exceed the groundwater action levels. These chemicals are: 

cis-I,2 dichloroethene (cis-1,2 DCE), trans-I,2 dichloroethene (trans-1,2 DCE), benzene, and 

trichloroethene (TCE). At SWMU 9, the current maximum detected groundwater concentrations in the 

source area include cis-I,2 DCE (1,300 us/L), trans-1,2 DCE (4,000 us/L), benzene (25 pgiL), and TCE 

(350 ug/L). Of the four modeled chemicals, only trans-1,2-DCE has detected soil concentrations 

(maximum detected soil concentration of 10 ug/kg) in the source area. 

Site-Specific Soil/Water Partitioning Coefficient 

Chemical-specific soil/water partitioning coefficients (Kds) were used to estimate each chemical’s mobility. 

A chemical’s Kd value is the ratio of its concentration in soil (or sediment) to its concentration in water 

when the two concentrations are in equilibrium. A high & value would be representative of a chemical 

which has a tendency to bind to the soil and is therefore less mobile in water. Depending on the chemical 

form of a certain contaminant (specifically for inorganics), the K,, value can vary substantially. Tlie site- 

specific K, values used in this evaluation were calculated based on the procedures proposed in the SSL 

Guidance Document (EPA 1996). 

The K, values for organic constituents are typically calculated by multiplying the K,, value (soil organic 

carbon/water partition coefficient) by the foe (fraction of organic carbon) (EPA, 1988, “Superfund 

Exposure Assessment Manual,” EPA/540/i-881001). The source of K,, values applied was the U.S. EPA 

document “Manual- Groundwater and Leachate Treatment Systems” (EPA/625/R-94/005). Both foe 

values associated with site soil and site aquifer materials were considered. The site-specific foe values 

used in this evaluation were obtained from the Natural Attenuation Study report (Table 4-1, TtNUS, 1998). 

The more natural organic carbon present in the aquifer materials, the higher the adsorption of organic 
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constituents within the aquifer matrix. As indicated in Table 4-1 of the Natural Attenuation Study report, 

Total Organic Carbon (TOC) concentrations range from 2.6 mg/L in SSMW17 (upgradient) to 24 mg/L in 

S9MW24 and 28 mg/L in SSMWIO. The F,, value for groundwater was determined based on the 

following two reasons: First, the TOC concentrations obtained from the Natural Attenuation Study field 

activity has shown that the native organic carbon is present at sufficient concentrations in the aquifer, 

because organic carbon concentrations greater than 20 mg/L in the aquifer indicate a sufficient supply of 

carbon to act as the primary substrate. Second, a F,, value of 0.001 or 0.1% is the lowest acceptable 

value that can be used in the b = k6, * F,, model for calculating the Kd values (EPA, 1988). Note that 

the selected Foe value of 0.001 or 0.1% is conservative since it is lower than the default F,, value of 

0.002 or 0.2 % suggested by EPA. The following equation was used to compute K,values: 

& =&c*fL2 (5) 

where: 

foe = fraction of organic carbon 
K,,, = soil organic carbon/water partitioning coefficient 

The K, values and the data used to derive the values are presented in Table B-3. 

Half-life Decay Constants 

Decay of organic contaminants can occur by biological and non-biological mechanisms. This decay is 

quantified by chemical-specific half-life. To be conservative for the groundwater modeling, the longest 

reported half-life was selected from the literature source (Howard 1991). Table B-3 presents the half-life 

decay constants used in the modeling. 

Exposure Criteria 

The surface water criteria were used as the exposure criteria for the groundwater fate and transport 

modeling. The acceptable surface water criteria chosen were the most restrictive ARAR/SAL criteria. The 

surface water criteria for cis-I,2 DCE, trans-I,2 DCE, benzene, and TCE are selected as 11,600, 1,350, 

71, and 81 ug/L respectively. 

B.3.2 PHYSICAL INPUT PARAMETERS AT SVVMU 9 

The groundwater physical input parameters are described in the next two subsections. 
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B.3.2.1 Surface Water Infiltration Rates: 

Infiltration rates in the source area are estimated to be one-quarter of the annual precipitation (infiltration 

rates =I0 inches per year) because the surface area of the unit is non-paved. An average of 35 to 40 

inches of rainfall per year was reported in the Supplemental RFI/RI report for the area of Key West, 

Florida (B&R, 1997). 

B.3.2.2 Groundwater Physical Input Parameters at SWMU 9 

Layer Thickness: As described in the Conceptual Model section, the typical thickness of the unsaturated 

zone was assumed to be 2 feet. The saturated zone was assumed to be 27 feet thick based on the 

geologic descriptions of the unit (Section B.2.2.1). Table B-4 presents a summary of physical and 

geologic parameters used for modeling. 

Source Area Size: It is assumed that the source area for each contaminant corresponds to a rectangular 

area. Each contaminant source area size was determined based on the locations at which groundwater 

contaminants were detected. Figure B-4 and Table B-4 present the source area sizes based on the 

reported 1998 groundwater concentrations in the surficial aquifer. 

Exposure Point: The exposure point for the groundwater modeling was at a point downgradient of the 

source area where groundwater discharges into a small surface water pond, located approximately 50 

feet northeast of screening sample SWMUS-GS-02. Groundwater discharges into the pond and the onsite 

lagoons further north. The distance to this exposure point is measured along the groundwater flow path 

direction (Figures B-4 and Table B-4). 

Hydraulic Conductivity (K): The K value was determined from the pumping tests for the wells in the 

surficial aquifer. The surficial aquifer has an estimated K ranging from 3.33 to 9.43 ft/day. A geometric 

mean K value of 4.62 ft/day was selected for modeling (Table B-2). 

Gradient: The gradient was calculated to be 0.0016 (B&R, 1997). The hydraulic gradient, i was calculated 

based on the groundwater table elevations measured from the 1996 field event, as presented on Figure 

2-3 of SMWU 9 Natural Attenuation Report (Februaryl996). The hydraulic gradient were formulated as 

follows: 

Hydraulic gradient i = [(groundwater elevation at well S9MW6 - groundwater elevation at well 

SSMW14)/ distance between these two wells] = (3.62 feet- 3.46 feet) /IO0 ft = 0.0016 fVft 
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Effective Porosity: An effective porosity of 0.3 was incorporated from the Supplemental RFllRl report. 

Seepage Velocity: The seepage velocity is calculated with the following equation. 

KI 
Vseep = 

effective porosity 
(6) 

Where: K = hydraulic conductivity (4.62 Wday) 
I = gradient (0.0016) 
Effective porosity = 0.3 

The seepage velocity is thus estimated to be 8.99 ft/yr. 
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B.4.0 RESULTS 

The results of the groundwater modeling at SVVMU 9 are discussed in the following two subsections, 

B.4.1 GROUNDWATER MODELING RESULTS 

Groundwater modeling results for the four chemicals (cis-I,2 DCE, trans-I,2 DCE, benzene, and TCE) 

under the current conditions are presented in Table B-l 

As summarized in Table B-l, the current maximum detected groundwater concentrations (May 1998) in 

the source area (near well SSMW15) include cis-1,2-DCE (1,300 us/L), trans-1,2-DCE (4,000 ug/L), 

benzene (25 ug/L), and TCE (350 us/L). Under the natural attenuation processes present at the site, the 

maximum groundwater concentrations anticipated in the future at the downgradient pond for the four 

modeled chemicals would be reduced to 310, 915, 0.199, and 16.9 pg/L respectively. This means that the 

surface water concentrations in the small pond would correspondingly contain cis-1,2-DCE (250 ug/L), 

trans-1,2-DCE (710 ug/L), benzene (0.141 ug/L), and TCE (IO ug/L). These conservatively projected 

concentrations are much lower than the surface water criteria of 11,600, 1,350, 71, and 81 ug/L. 

The modeling results indicate that the predicted future maximum surface water concentrations for the four 

chemicals are substantially below their surface water criteria. Therefore, the groundwater concentrations 

currently within the source area are not at levels that will unacceptably impact the surface water at the 

downgradient receptor (i.e., the small water pond and lagoons) in the foreseeable future. 

Natural attenuation processes that were accounted for during groundwater modeling include sorption, 

dilution, advection, dispersion, and chemical/biological decay. ECTran model’s inputs and outputs are 

presented in Attachment B.I. 

B.4.2 LOCATION OF THE NEW SENTRY WELL 

The time required to reach the peak concentration at both the downgradient receptor (pond) and the 

sentry well were computed by ECTran, and are also summarized in Table B-l. Based upon the m’odeling 

results along with the examination of the existing monitoring well network, the recommended location of 

the new sentry well was approximately 50 feet southeast of the existing well S9MW22 (Figure B-4). This 

location provides for a more detailed plume configuration and for collecting additional downgradient 

geochemical monitoring data. 
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Figures B-5 and B-6 show TCE groundwater concentration variations with time at the new sentry well and 

the small pond respectively. Also, as indicated in Table B-l, the required times for the peak 

concentrations to move from the new sentry well to the downgradient pond range from 1.8 to 5.4 years. 

This time frame is reasonable to allow for responsive corrective actions, if necessary, prior to any 

exceedence of surface water criteria. Figures depicting groundwater concentration variations with time for 

the other three chemicals at both the new sentry well and the small pond are also included in Attachment 

B.1. 
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TABLE B-l 

SUMMARY OF GROUNDWATER FATE AND TRANSPORT MODELING UNDER CURRENT CONDITIONS 

SWUM 9 CORRECTIVE MEASURE STUDY 

NAVAL AIR STATION, KEY WEST, FLORIDA 

Chemical Max Detected Soil Max. Detected Groundwater Model Predicted Model Predicted Model Predicted Surfacewater Surfacewater Time to Peak Time to Peak 

Concentrations Concentrations (1998) Groundwater Groundwater Surfacewater Criteria Criteria Exceed? Cont. at the Cont. at the 

in Source Area in Source Area Concentration at the Concentration at Concentration at (at the Water Pond) New Surface 

New Sentry Well the Water Pond the Water Pond Sentry Well Water Pond 

(1) (2) (3) (4) (5) 

Wb) WL) WL) oJ!3W’ (@-) WL) Wears) (years) 

Cis-1,2-Dichloroethene 0 1,300 846 310 250 11,600 NO 3.6 9 

Trans-1,2Dichloroethene 10 4,000 2,580 915 710 1,350 NO 3.6 9 

Benzene 0 25 1.26 0.199 0.141 71 NO 7.2 9 

Trichloroethene (TCE) 0 350 53.9 16.9 10 81 NO 9 12.6 

Notes: 

(1). The maximum detected concentrations in surface and subsurface soils were based on the Supplemental Investigation and Remedial Investigation Report (Table 4-91. B&R. July 1997) 

(2). The maximum detected groundwater concentrations were the most current data based on May 1998 groundwater sampling data (TtNUS, August 1998) 

(3) The proposed new sentry well is located at approximately 50 feet southeast of the existing well S9MW22. 

(4) The surface water concentration is the groundwater concentration divided by the retardation factor 

(5) The surface water criteria were chosen as the most restrictive ARARISAL criteria based on the RFVRI (B&R, July 1997). 



TABLE B-2 

HYDRAULIC CONDUCTIVITIES FROM PUMPING TEST AND SLUG TEST 
SWMU 9 CORRECTIVE MEASURE STUDY 

NAVAL AIR STATION, KEY WEST, FLORIDA 

Well ID 

P-2 

P-3 

P-4 

P-5 

MW-10 

Test Type Transmissivity Hydraulic Conductivity 

pump test (I) 

(f&m in) 

0.06235 

Day) 

3.33 

pump test (‘I 0.08235 4.39 * 

pump test (‘) 0.17680 9.43 

pump test (I) 0.07366 3.93 

pump test (‘) 0.07305 3.90 
Geomean (Ksat; ft/day)= 4.62 

(1) The aquifer transmissivity results were based on the pumping test, and were divided by 
the aquifer thickness of 27 feet to obtain the hydraulic conductivities. The pumping test was 
started on September 6, 1995 at a pumping rate of 2.0 gpm (BEI, 1995). 
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TABLE B-3 
PARTITIONING COEFFICIENT AND HALF-LIVES 

SWMU 9 CORRECTIVE MEASURE STUDY 
NAVAL AIR STATION, KEY WEST, FLORIDA 

Chemicals of Concern Organic Carbonmater Soil Organic Partitioning GW Organic Partil:ioning Half-Life 

Partitioning Coef. Carbon Content Coefficient Carbon Content Coefl’icient 

KOC FOC Kd FOC Kd 

(unsaturated zone) (saturated zone) 

(1) (2) (3) (4) (3) (5) 

Wkg) WW @‘kg) (years) 

Cis-1.2-Dichloroethene 49 0.0720 3.53 0.0010 0.05 7.9 

Trans-1,2-Dichloroethene 59 0.0720 4.25 0.0010 0.06 7.9 

Benzene 83 0.0720 5.98 0.0010 0.08 2.0 

Trichloroethene (TCE) 126 0.0720 9.07 0.0010 0.12 4.5 

(1) The KOC was imported from U.S. EPA document “Manual- Groundwater and Leachate Treatment Systems” (EPA/625/R-94/005). 
(2) The soil FOC value used in this evaluation was based on 72,000 mg/kg (or 7.2 %) TOC concentrations from one 

groundwater samples (SSMW-10) result collected in May1998 (TtNUS. Aug 1998). 
(3) Kd = FOC x KOC, U.S. EPA, December 1996, Soil Screening Guidance Users Guide. 
(4) The groundwater FOC values were based on results from Natural Attenuation Study (TtNUS, Aug 1998). A geometric mean foe value was used 

for modeling. 
(5) Half-lives were taken from literature values (Howard 1991). 
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TABLE B-4 

SUMMARY OF PHYSICAL AND GEOLOGIC PARAMETERS 

SWMU 9 CORRECTIVE MEASURE STUDY 

NAVAL AIR STATION, KEY WEST, FLORIDA 

Chemical 

Cis-1,2-Dichloroethene 

Trans-I ,2-Dichloroethene 

Benzene 

Trichloroethene (TCE) 

Source Area (1) 

Length Width 
m (fi) 

130 190 

130 190 

145 85 

110 130 

Shallow Unsaturated Hydraulic Mixing Depth Distance to Distance to 
Aquifer Zone Conductivity K Exposure Point (6) New Sentry Well 

Thickness (2) Thickness (3) (4) (5) (Surfacewater Pond) (7) 
(fi) (fv WW (fo (ft) (fil 

27 2 4.62 27 60 15 

27 2 4.62 27 60 15 

27 2 4.62 27 95 50 

27 2 4.62 27 87 45 

(1) Source area size was based on the reported 1998 groundwater concentrations in the surficial aquifer (Figures B-4, and TtNUS, August 1998) 

(2) Shallow sudicial aquifer thickness is based on the RFllRl (B&R, July 1997). 

(3) The unsaturated zone thickness is based on the water table elevations presented in the RFllRl (B&R, July 1997). 

(4) A geometric mean K value from pumping in the surticial aquifer was selected for modeling (Table B-2) 

(5) The mixing depth was calculated based on equations presented in the reference for ECTran model (Chiou et al, 1993). 

(6) Measured from the edge of the source area to the surface water pond (Figure B-4). 

(7) Measured from the edge of the source area to the new sentry well (Figure B-4). 
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:CTran Version 2.0 for Excel 4.0 & 5.0 

BROWN & ROOT ENVIRONMENTAL 
3opyright 1997 

ITE: SWMU 9. HA&Key West INVESTIGATOR: LE DATE: 

CHEMICAL CHARACTERISTICS ITERATIVE DECISION-MAKING BOX 

EXPOSURE POINT. (UNDERS. FL) FL LEACHATE CONCENTRATION (YESNO) q X0 

ONTAMINANT cis-1.2-Dichloroethene UNDERS Under source, FL Fenceline INPUT SOLID-PHASE CONCENTRATION (MG/KG) 0 OOOE+OO 

WATER CRITERIA (UGIL) I 16E+o4 CONSTAh’T CONCENTRATION (YESNO)? NO 

IALF-LIFE (YRS) 7 92E+OO TRY NEW GOAL 0 ooE+oo 

PECIFIC ACTIVITY (CiiS) 0 OOE+OO TIME FRAME (YRS) 90 ACCEPTABLE1 INCREASE 

SOURCE-TERM INFORMATION ENGINEERING CONTROL INFORMATIOS 

e’ 1.00 lNFILT(FT/YR) 8 30E.01 

I (L/KG) 3 53E+OC 

LENGTH (FT) 130 

IEPLETING SOURCE: 

WASTE CHARACTERISTICS: 

INITIAL SOLID-PHASE CONCENTRATION (MG/KG) 

INPUT FOLLOWING PARAMETERS 

THICKNESS (FT) 

SATURATION RATE 

POROSITY, 

BULK DENSITY (GICM”3) 

0 OOE+OO 

2 

06 

02 

I5 

WIDTH (FT) 

IS THERE A CLAY LINER LAYER (YES,NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

HOW MANY SUBLAYERS (I - lO)7 

TOTAL THICKNESS (UP TO 30 FT) (FT): 

SATURATION RATE, 

POROSITY 

BULK DENSITY (GICM”3) 

Kd (L/KG) 

190 

“0 

3 

IO 

0 9’ 

02 

I 78 

I.OOE-05 

5 THERE A TYPE I LAYER (YES,NO)? 

-HE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

OW M.&NY SUBLAYERS (I - )0)-J 

OTAL THICKNESS (UP TO 30 FT) (FT) 

ATURATION RATE 

OROSITY. 

ULK DENSITY (G/CM”)) 

d (L/KG) 

\‘ITIAL SOIL CONC (MGKG) 

NO 

6 

2 ZOE+OI 

0 95 

0.2 

IS 

I OOE-OS 

0 

IS THERE A TYPE 2 LAYER (YE&NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

HOW MANY SUBLAYERS (1 - 1O)q 

TOTAL THICKNESS (UP TO 30 FT) (FT)- 

SATURATION RATE 

POROSITY, 

BULK DENSITY (GICM”3) 

Kd (L/KG) 

INITIAL SOIL CONC (MG/KG) 

NO 

5 

20 

0 I3 

03 

I5 

I OOE-OS 

0 

ATURATED LAYER 

OTAL SATUFtATED ZONE THICKNESS. B (FT)- 

ORIZONTAL SEEPAGE VELOCITY. V (FT/YR) 

d (L/KG) 

OROSITY 

ERTICAL DISPERSIVITY, AZ (FT). 

ONGITUDINAL DISPERSIVITY. Ax (FT) 

.ATERAL DISPERSIVITY. Ay (FT) 

U‘ITIAL CONC. (u~L) 

REDICTED IMPACTS: 

SATURATED LAYER CONCENTRATION 

FENCE LINE CONCENTRATION 

27 

8 99 

4 SOE-02 

03 

0.14 

60 

20 

I 300E+03 

I 30ET03 (UG/L) 

3.10E+02 (UG/L) 

VERTICAL SEEPAGE VELOCITY, Vzo (FT/YR) 4 48 

DOWNGRADIENT AREA INFILTRATION RATE, 9 (FT/YR) 0 

SPECIFY MIXING DEPTH (Computed from formula if input NO) “” 

MIXING DEPTH, H (FT) 27 0 

TIME OF PUMPING STOP, P&T (YEARS) 0 

AGE (YRS) 0 

CONC IN UPGRADIENT GROUNDWATER.CUZ (UG/L) 0 

DISTANCE TO Fence Line 60 

TIME OF MAXIMUM (YR) 

0 
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Version 2.0 for Excel 4.0 c? 5.0 BROWN i? ROOT ENVIRONMENTAL 

‘opyright 1997 SCREENING-LEVEL EXCELCRYSTAL BALLTRANSPORT (EC-Tran) MODEL 

ITE: SWMC 9. NAS.Key West CONTAMINANT: cir-l,Z-Dichloroethcnc 4 

HALF-LIFE (YRS): 

LAYER 2: 7 92E+OO 

YVESTIGATOR: LK SATURATED LAYER 7.92E+OO 

IATE: S/28199 DOWNGRADIENT 7.92E+OO INITIAL CONC. (u&2) I 3OET03 

SATURATED LAYER 

VFILT (FTiYR) 0 x3 B ET) 21 Vm (FTIYR) 4 45 

.ENGTH (FT) 130 GW Q3 (L/DAY). 2 66E+O3 

I’IDTH (FT) 190 Kd (L/KG) 4 80E-02 GW V. (RNR). 8 99 Kd (L/KC) 0 “4802 

OROSITY 2 0.3 SATURATION I 00 H VT) 27 0000 RETARDATIOX I2401 

OROSITY SAT LAYER. 0.3 THICKNESS (FT) 27 00 EFF. POROSITY. 0 30 q (FTNR) c 

)ENSlTY 2 (GfCM3) 15 DECAY (IiDAY) 2 40E-04 DISPERSIVITY DECAY ( INR) 8 XE-Oi 

EJSITY GMA (G/CM3)- I so CBo (PPB). I 30ET03 AZ CT 0 14 

CU2 (PPB) 0 OOE+OO Ax (W 600 P&T (YEARS) c 

tGE (YEARS) 0 Ql (L/DAY) I 598-03 Q2 (LiDAY) 107Ei-03 AY (fl) 200 DISTANCE TO F L (FT) 6C 

r,ME INTERVAL(YRS) 18 SOURCE AREA CONC (GMA) FENCE LINE CONC 

<LAPSED TIME - YRS LAYER 2(PPB) (UG/L) (UG:L) 

0 O.OOE+00 I 3OE+O3 0 ooE+oo 

18 0 OOE+OO 8 668+02 I OIE-01 

36 0 OOE+OO 5 76E+02 ?.84E+OI 

5.4 0 OOE+OO 3 84E+02 I 47E+02 

7 Y’ 

7.2 0 OOE+OO 2 55E+02 2 64E+O2 

-30 8’ 0” o”o”~::: 

I 70E+02 3.lOE+OZ & 

I 13E+02 2.95E+02 

126 0 OOEMO 7 54E+ol 2.49E+O? 

144 0.00E+oc 5 OZE+Ol I 95E+O2 

162 0 OOE+OO 3 34E+Ol I 45E’O? 

18 0 OOE+OO 2 23E+OI I 05E+02 

198 0 OOE+OO 148E+ol 7 41E+OI 

21 6 0 OOE+OO 9.86E+OO 5 ISE+Ol 

23 4 0 OOE+OO 6.57E+OO 3 54E+O I 

25 2 O.OOE+OO 4 37E-00 2 4lE+Ol 

27 O.OOE-00 2 91E+OO I63E+Oi 

28 8 0.00E+00 I 94E+oo I lOE+OI 

30 6 O.OOE+OO I *!E+oo 7 39E+00 

324 0 OOE+OO 8 S9E-01 4 9sE+oo 

34 2 0 ooE+oo 5 72E-01 3 31E+OO 

36 0 OOE+OO 3,8lE-01 2 l,E+OO 

378 0 OOE+OO 2 54E-0 I I 48E+OO 

39 6 O.OOE+OO I 69E-0 I 9 86E-0, 

II 4 0 OOE+OO I IZE-0’1 6 ?SE-01 

43 2 0 OOE+OO 7 498-02 4 38E.01 

45 0 OOE+OO 4 98E-02 2 OZE-01 
46 8 0 OOE+OO 3 32E-02 

48 6 

, 95E-01 
0 ooE+oo 22lE-02 

so.4 

I 30E-01 
0 OOE+OO I 47E-02 

52.2 

8 63E-02 
0 OOE+OO 9 7x-03 5 75E-02 

54 0 OOE+OO 6 52E-03 3.83E-02 

55.8 0 OOE+OO 4 34E-03 2 55E-02 
57 6 0 OOE+OO 2 89E-03 
so 4 

I .70E-02 
0 OOE+OO I OZE-03 I 136-02 

61 2 0 OOE+OO I 28E-03 7 S2E.03 
63 0 OOE+GQ 8 538-04 

64 8 
5 OIE-03 

0 OOE+OO 5 68E-04 

66 6 

-3 34~.03 
0 OOE+OO 3 78E-04 

68 4 

2 22E-03 
0 OOE+OO 2 5ZE-04 

70 2 
I 48E-03 

0 OOETOO I 68E-04 9 84E-04 
72 0 OOE*OO I IZE-04 

73 8 

6 .SSE-04 
0 OOE-00 7 43E-05 

75 6 
4 36E-04 

O.OOE-00 4 95E-O? 2 OiE-04 
77 3 0 OOE+OO 3.29E-05 
79 2 

/ 93E.04 
0 OOE+00 2 l9E-OS I 29E-04 

81 0 ooE+oo I 46E-05 8 SEE-05 
82 8 OOOE+OO 9 72E-06 

84 6 
s ,,E-OS 

O.OOE+OO 6 47E-06 3 BOE-05 
86 4 0 OOE+OO 4 3 I E-06 
88 2 

2 Sjf.-0’; 
O.OOE+OO 2 87E-06 I ODE-O? 

90 0 OOE+OO ,91E-06 I I?E-05 

MAXIMUM 0 OOE+OO I 30E+03 3 I0E~02 
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Copyright 1997 

ITE: SWMU 9, NAS.Key West INVESTIGATOR: LK DATE: 5 103’1 

cls-1.2.Dichioroethene L’NDERS Under source. FL Fenceline 

~~ 

SOURCE-TERM INFOR.MATION 

.; 1.00 

.I (L/KG) 3 53E+OO 

BEPLETING SOURCE 

WASTE CH4RACTERISTICS: 

INITIAL SOLID-PHASE CONCENTRATION (MG/KG) 

INPUT FOLLOWING PARAMETERS 

THICKNESS (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G/CM”j) 

0 00E~00 

2 

06 

02 

15 

5 THERE A TYPE 1 LAYER (YE&NO)? NO IS THERE A TYPE 2 LAYER (YES,NO)? 

fHE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

IOW MANY SUBLAYERS (1 - IO)? 

OTAL THiCKNESS (UP TO 30 FT) (FT) 

.ATURATlON RATE 

OROSITY 

ULK DENSITY (G/CM’3) 

d (L!KG) 

\‘ITIAIL SOIL CONC (MC/KG) 

6 

2 ZOE+O I 

II 95 

02 

I 5 

1 OOE-OF 

0 

HOW MANY SUBLAYERS (I IO)7 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G!CM”3) 

Kd (L/KG) 

INITIAL SOIL COUC (MG!KG) 

ATURATED LAYER 

OTAL SATURATED ZONE THICKNESS. B (FT) 27 

IORIZONTAL SEEPAGE VELOCITY, V (FT/YR) 8 99 

d (L/KG) 4 8OE-02 

OROSITY 03 

‘ERTICAL DISPERSIVITY. AZ (FT) 0 13 

ONGIl-UDINAL DISPERSIVITY. 4x (FT) I 5 

ATERAL DISPERSIVITY. Ay (FT) 05 

YITIAL CONC @l/L) I 3flOE*03 

REDICTED IMPACTS: 

SATURATED LAYER CONCENTRATION I 30E+03 (UC/L) 

FENCE LINE CONCENTRATION 8 46E+02 (UC/L) 

rERATIVE DECISION-MAKING BOX 

LEACHATE CONCENTRATION (YES.NO) ’ *;o 

INPUT SOLID-PHASE CONCENTRATION (MGIKG) 0 oonti-nc 

CONSTANT COh’CENTRATIOh (YESNO) h0 

TRY NEW GOAL 0 OOE’O” 

ACCEPTABLE’ INCRE.ASE 

ENGINEERING CONTROL ISFORMATION 

INFILT(FT/YR) 

LENGTH (FT) 

WIDTH (FT) 

IS THERE A CLAY LINER LAYER (YE&NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULAI-IOU 

HOW MANY SUBLAYERS (I lo)? 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G/CM?) 

Kd (L/KG) 

VERTICAL SEEPAGE VELOCITY. Vzo (FTIYR) 4 48 

DOWNGRADIENT AREA INFILTRATION RATE, q (FTIYR) 0 

SPECIFY MIXING DEPTH (Computed from formida If input NO) no 

MIXING DEPTH, H (FT) 27 0 

TIME OF PUMPING STOP, P&T (YEARS) 0 

AGE (YRS) 0 

CONC IN UPGR4DlENT GROUNDWATER.CU? (UG!L) 0 

DISTANCE TO Fence Lme Ii 

TIME OF MAXIMUM (YK) 

0 

3 6 
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ITE: 

VVESTICATOR: 
ATE: 

s;;;ywe' ~II 

SATURATED LAYER 

\‘FILT (FTJYR) 0 83 B (FT): 27 Vm (FTfYR) 4 41 

ENGTH (FT) 130 GW Q3 (LDAY) 2 66E-03 

'IDTH (FT) I90 Kd (L/KG) 4 80E-02 GWV (FT?YR) 8 99 Kd (L,KG) 0 "480: 

OROSITY 2 03 SATURATION. I 00 H CT 27.0000 RETARDATlOh I 24" 

OROSITY SAT LAYER 03 THICKNESS (FT) 27 00 EFF POROSITY 0 30 q (FTNR) I 

ENSITY 2 (G;CM3) 15 DECAY(IlDAY) 2 4"E-04 DISPERSIVITY DECAY (l!Yl<) x *E-0: 

ENSITY GMA (GICM3) , 10 CBO (PPB) I3OfM3 AZ (FT), 0 I? 

CU2 (PPB) 0 OOE+OO Ax (F-i) I so P&T (YEARS) ( 

\GE (YEARS) 0 Ql (L!DAY): I 59E+03 Q2 (L/DAY)- , 07E+03 Ay V-T): 0 50 DISTANCE TO F.L (FT) I' 

‘IME INTERVAL IYRS) 18 SOURCE AREA CONC (GMA) FENCE LINE CONC 

.LAPSfDT,ME - YRS LAYER ?(PPB) vJG*L.Z) (CC,L) 

O.OOE+OO I .30E+O3 

y'd-, :I 

0 OOE+OO 

O.OOE-00 8 66E+o2 4 4x+0'. 

0 OOE+OO 5 76E+02 

54 0 OOE+OO 

8 46EtO2 e 

3 84E+02 

72 

6 4XE+O? 

0 DOE+00 2 S58+02 
9 

4 4OE+O2 

0 OOE+OO I 70E+02 2 94Fz+o2 

10.8 0 OOE+OO I 13E+O? 
126 

I 96E+K 

0 OOE+OO 7 54E+O I 

144 

, 30E+O? 

0 OOE+OO S.OZE+OI 

162 

8 68E+Ol 

0.00E+00 3 34E+O I 5 78E+O I 

18 0 OOE-00 2.23E+Ol 

198 

~.SSE+I-(I, 

0 OOE+OO I 48E'Ol 2 56ECC'l 

21 6 0 OOE+OO 9 86E+OO 

23 4 

,7lE+Ol 

0 OOE+OO 6 57E+OO 
25 2 

I I4E+CI 
0 OOE+OO 4 37E+OO 

27 

7 s6E+CO 

0 OOE+OO 2 OlE+OO 5 04E+CO 

28 S 0 OOE+OO 1 94E+OO 3 3SE+OO 

30 6 0 OOE*OO 1 29E+OO 2 23E+OO 

32 4 0 ooE+oo 8 S9E-0 I i 49E+OO 

34 2 0 ooE+oo 5 72E-0 I 

36 

9 OOE-0 I 

0 OOE-00 3 81E-0, 6 59E-01 

378 0 OOE+OO 2 ?4E-01 J jOE-01 

39 6 0 OOE+OO I 69E-01 2 OZE-0 1 

4, 3 0 OOE+OO I IZE-01 

43 2 

I 94E-0 1 

0 ooE+oo 7 49E-02 

45 

I29E-0, 

0 OOE+OO 4 98E-02 

46 8 

8 62E-02 
0 ooE+oc 3 32E-02 

48 6 

5 74I;.0' 

0 ooE+nn 2 2lE-02 

50 4 

3 82E-02 
0 OOE-00 I 47E-02 

52 2 

2 54E-02 
0 00E~00 9 79E.03 I WE-02 

54 0 OOE+OC 6 52E-03 

55 8 
1 l3E-O? 

0 OOE+OO 4 34E-03 

57 6 

7 5lE-01 
0 OOE+OO 2 89E-03 

59 4 

5 OOE-0: 

0 ODE+00 1 OZE-0; 

6, 2 

i 33E-0: 

0 OOE+OO 1 ZSE-03 

63 

2 22,s0: 
0 oOE+OO 8 53E-04 

64 8 

I 48E-0.3 
0 OOE+OO 5 68f-04 

66 6 

9 82E4.l 
O.OOE-00 3.78E-04 

68 4 

6 54,x-w 
0 OOE'OO 2 52E-04 

70 2 
4 XE-0‘1 

0 OOE+OO I 6%.04 

72 

2 90E-0.I 

0 OOE+OO I IZE-04 I 93E-O-I 
73 s 0 ooE+oo 7 43E.05 I ?OE-0-I 
75 6 0 OOE+OO 4 95E-05 8 56E-Of, 
77 4 0 OOE+OO 3 29E-05 
79.2 

5 70E.Of, 
0 OOE+OO 2 19E.O? j 79&O', 

8, 0 ooE+no I 46E-OS 2 1jE-O', 

82 s 0 OOE-00 9 72E-06 / 68E.Oi, 
84 6 0 OOE+OO 6 47E-06 
86 4 

I I2E-c~~ 
0 OOE+OO 4 3lE-06 ? 4SE.OD 

8s 2 0 OOE+OO 2 87E-06 
90 

4 96E-O(, 
0 OOE+00 I OIE-06 3 30&0(~ 

MAXI.MtiM 1 0 OOE+OO I 3OE+O3 8 46&O? 
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ECTran Version 2.0 for Excel 4.0 6: 5.0 

Copyright 1997 
BROWS & ROOT EhWROKMENTAI. 

SWMC’ 9, NAS.Key West INVESTIGATOR: LK DATE: 5 ’ I 0:99 

CHEMICAL CHARACTERISTICS 

CONTAMINANT 

WATER CRITERIA (UG/L) I35E+O: 

HALF-LIFE (YRS) 

SPECIFIC ACTIVITY (Ci/g) 

I SOURCE-TERNL INFORMATIOS 

I Ke I 00 

Ki (L!KG) 4 25E-00 

DEPLETING SOURCE 

WASTE CHARACTERISTICS 

INITIAL SOLID-PHASE CONCENTRATION @%/KG) I OOE-02 

INPUT FOLLOWING PARAMETERS’ 

THICKNESS (FT) 2 

SATURATION RATE 06 

POROSITY 0.1 

BULK DENSITY (G/CM?) 1.5 

IS THERE A TYPE I LAYER (YE&NO)? NO 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

HOW MANY SUBLAYERS (I - 10)” 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATUR.4TION RATE 

POROSITY 

BVLK DENSITY (G/CM^3) 

Kd (L:KG) 

INITIAL SOIL CDNC‘ (MG:KG) 

6 

2 ZOE+Ol 

0 O? 

02 

15 

I OOE-O? 

0 

SATURATED LAYER 

TOTAL SATURATED ZONE THICKNESS, B (FT) 27 

HORIZONTAL SEEPAGE VELOCITY. V (FT/YR) 8 99 

Kd (L/KG) 5 78E-G2 

POROSITY 03 

VERTICAL DISPERSIVITY. Az (FT) 0 14 

LONGITUDINAL DISPERSIVITY. Ax (FT) 6” 

l.ATERAL DISPERSIVITY. Ay (FT) 20 

INITIAL CONC (“g/L) 4 OOOE-03 

I 

L 

T 3 A- 
T 

TERATIVE DECISION-MAKING BOX 

LEACHATE CONCENTRATION (YESNO)? 

INPUT SOLID-PHASE CONCENTRATION (MG/KC) 

CONSTANT CONCENTRATION (YES.10)” 

TRY NEW GOAL 

ACCEPTABLE! 

ENGIYEERING CONTROL INFORMATION 

Ih’FILT(FTiYR) 

LENGTH (FT) 

WIDTH (FT) 

IS THERE A CLAY LINER LAYER (YE&NO)? 

THE FOLLOWING DATA ARE NOT USED IN TtllS CALCULATION 

HOWMANY SUBLAYERS (I IO)? 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G!CM^3) 

Kd (L/KG) 

s 30501 

/ 30 

I90 

“” 

-3 

1” 

0 9? 

02 

I 7s 

I OOE-05 

IS THERE A TYPE 2 LAYER (YE&NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS C.4LCULATlOh 

HOti MANY SUBLAYERS (I 10)’ 

TOTAL THICKNESS (VP TO 30 FT) (FTl 

SATURATION RATE 

POROSITY 

BULK DENSITY (GICM’3) 

Kd (I./KG) 

INITIAL SOIL CDhC (MG/KG) 

VERTICAL SEEPAGE VELOCITY. Vzo (FTIYR) 

DOWNGRADIENT AREA INFILTRATION RATE, q (FT!YR) 

SPECIFY MIXING DEPTH (Conlputed from formula iSinput NO) 

MIXING DEPTH, H (FT) 

TIME OF PUMPING STOP. P&T (YEARS) 

AGE (YKS) 

CONC lrrl IJPGRADIENI- GRDL’NDW.4TER.CU2 (LiG/Ll 

DISTANCE TO Fence L,ne 

PREDICTED IMPACTS: TIME OF MAXlMLl, (YR) 

SATLRATED LAYER CONCENTRATION 4 OOE+03 (UG/L) 0 

FENCE LINE CONCENTRATION 9 i5E+02 (UG:L) 9 



‘enion 2.0 ioor Excel 4.0 & 5.0 BROWN % ROOT ENVIRONMENTAL 

pyight 1’99 SCREENING-LEVEL ESCELCRVSTAL BALLTRANSPORT (EC7mnl MODEL 

‘E: 

SATURATED LAVER 

JLT (FTNR, 0 83 B UT 2: vm (FTNRI 4 48 

IGTH (FT) 110 GWQ3 (L:DAYI 2 WE-03 

3TH ,FT) I90 Kd (L/KG) 5 78E-02 GW \’ (FTNR) 8 99 Kd (LiliG) 0 0178: 

ROSITY 1 03 SATURATlON I 00 H W-0 210”“” RETARD.tTlOh I2ROI 

ROSITY SAT LAYER 03 THICKNESS (F-Q 27 00 EFF POROSITY 0 3” q (FTNR) t 

NSITY i (G!CMI) 15 DECAY (I/DAY) 2 40E-“4 DlSPERSlVITY DECAY (IWRi 8 8E-02 

NSITY GMA (GiCM3) I 50 CBo (PPB) 4 ODE*3 AZ (FT). 0 I4 

CU2 (PPB) 0 clOE-i)O Ax VT 6 IO” PGT(YEARS) c 

;E (YEARS) 0 QI (L/DAY) I .sw+03 Q2 (LIDAY) 1 07E+03 AY VT) 2 00 DISTANCE TO F L (FTI 6C 

VIE INTERVAL (YRS) I8 SOURCE AREA COUC.(GMA) FENCE LIKE’ COhC 

APSED TIME - YRS LAYER 2(PPB) (UG:L) (CG:L) 

.O 2 35E+OO i OOE+O3 0 OOE+30 

18 I 79E+OO 2 69E+O3 I 96E-31 

36 I 36E+OO lBlE+03 7 OoE-‘3 I 

54 I 04E+OO I 2lE+Oj 19SE-02 

9 Y-la :-,“::::: 8 5 49E+O? IlE-02 7 9 soE+m isE+K? + 

108 4 58E-0 I 3.69E+OZ 8 96E+Il’ 

126 I 49E-01 2 48E+02 7 74l?+02 

144 2 66E.01 1 67E+02 6 I SE+02 

16.2 2 02E-0 I I IZE+02 4 70E+o2 

I8 I 54E-01 7 54E+OI 3 45E+K 

I9 8 I 17E-01 F OlE+OI 2 47E+O2 

21 6 8 92E-02 3 41E+oi I 74MO2 

23 4 6 79E-02 2 29EiOI 1 2iE+02 

25 2 5 IlE-02 I 54ETOI 8 36E+0 I 

27 3 94E-02 I 04E+OI 5 73E-0 I 

28 8 3 OOE-02 6 97E+OO 3 90Ef0 1 

30.6 2 28E-02 4 68E+OO 2 65E+oI 

32.4 1 74E-02 1 15l?+oo 1 soE+ol 

34 2 I 32E-02 2 I ZE+OO I 22ElOI 

36 I OIE-02 I 4iE+oo 0 2 I E+oO 

37.8 7 66E-03 9 WE-01 s 54E*OO 

19 6 5 83E-03 6 4%-O I I 13E+OO 

41 3 4 44E-03 4 34E-0 I 2.52E+tlO 

43 2 3 386-03 2 92s0 I I 69E*ClO 

45 2 ?lE-03 I 97E-01 I l4ErCO 

46 8 I 96E-03 1 32E-01 7 68E-Cl 

48 6 I 49E-03 8 ‘)?E-02 S I7E-Cl 

50 4 I 14E-03 601E-02 3 48E-C I 

52 2 8 658-04 4 05s02 2 34E-0 I 

54 6 58E-04 2 73E-02 I %E-01 

?S 8 S.OlE-04 I 84E-02 I OOE-0 I 

576 3 SZE-04 I 24E-02 7 l4E-02 

594 2 OIE-04 S.jSE-03 4 SIE-02 

61 2 22lE-04 5 66E-03 3 24E-02 

63 I 6%03 3 82E-03 2 I8E-02 

64 8 I 28E-04 2 59E-03 I 47E-02 

66 6 9 76E-0’ I 7SE-03 9 OOE-03 

6X 4 7 43E-05 I lBE-03 6 BRE-0; 

70.2 5 66E-05 8 016-04 4 SOE-Oi 

72 4 3lE-Oi 5 458-04 3 04E-Oi 

73 s 3 28E-05 3 lOE-04 2 OSE-“i 

75 6 2 50E-05 2 S?E-04 I 39E.“i 

774 I 90E-05 171s04 9 3x.04 

10 2 ,4SE-OS I 17E-04 6 34E-0.1 

81 I IOE-05 7 99E.OS 4 29E-0,1 

82 8 8 38E-06 S 478.05 2 9 I E-O.3 

84 6 6 38E-06 3 75E-05 I 97E-m 

86.4 4 86E-06 2 SSE-05 I 34E-D4 

88 2 3 lOE-06 I 78E-O? 9 IOE-0; 

90 2.82E.06 1 238-05 6 206-O; 

MAXIMIJM 2 SSE-00 4 OOE*03 9 1 SE+02 

i --., 



l.OOE+03 

9.00E+02 

8.00E+02 

I7 
3 7.00E+02 
3 

G 6.00E+02 

5 
5 5.00E+02 

t 
f. 4.00E+02 
0 

3.00E+02 

2.00E+02 

l,OOE+02 

TRANS-1,2-DCE; SOIL CONC. = 10 UGlKG; GW CONC. =4000 UGIL; AT THE SMALL 
POND 

O.OOE+OO 

0 18 36 54 72 90 

TIME (YEAR) 



:Tran Version 2.0 for Excel 4.0 B: 5.0 

qyright 1997 
BROWN & ROOT ENVIRONMENTAL 

I-E: SWMU 9, NAS,Key West INVESTIGATOR: LK DATE: 5;,om 

CHEMICAL CHARACTERISTICS ITERATIVE DECISION-MAKING BOX 

EXPOSURE POINT (UNDERS. FL) FL LEACHATE CONCENTRATION (YESNO)’ NO 

lNTAMlN.4NT tranr1.2.Dichloroethene UNDERS Under EOU~CC. FL Fenceline INPUT SOLID-PHASE CONCENTRATION (MGiKG) I 000E.02 

WATER CRlTERI.4 (UG/L) 1 3SE+O3 CONSTANT CONCENTRATION (YES.NOIq YO 

.LF-LIFE (YRS) 7 92E+CO TRY NEW GOAL. 5 ?3E-0; 

ECIFIC ACTIVITY (Cl/S) 0 OOE+OO TIME FRAME (YRS) 90 ACCEPTABLE1 DECREASE 

SOURCE-TERM INFORMATION ENGINEERING CONTKOL INFORMATION 

I 00 INFILT(FT/YR) 8 30E.01 

(L/KG) 425E+oO 

LENGTH (FT) 130 

WIDTH (FT) I 40 

PLETING SOURCE 

IS THERE A CLAY LINER LAYER (VES,NO)? “” 

WASTE CHARACTERISTICS 

‘INITIAL SOLID-PHASE CONCENTRATION (MG/KG). I OOE-02 THE FOLLOWING DATA ARE NOT USED Iii THIS CALCULATION 

INPUT FOLLOWING PARAMETERS HOW MANY SUBLAYERS (I - IO)” 3 

THICKNESS (FT) 2 TOTAL THICKNESS (UP TO 30 FT) (FT) 10 

SATURATION RATE 0.6 SATURATION RATE 0 95 

POROSITY 0.2 POROSITY- 0.2 

BULK DENSITY fG/CM^3) I.5 BULK DENSITY (G/CM^3)- I 7s 

Kd (L/KG) I OOE-05 

THERE A TYPE I LAYER (YESNO)? NO IS THERE A TYPE 2 LAYER (YES,NO)? NO 

IE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

IW MANY SUBLAYERS (I - IO)? 6 HO\+’ MANY SUBLAYERS (I - lo)1 5 

TAL THICKNESS (UP TO 30 FT) (FT) 2 ?OE-01 TOTAL THICKNESS (UP TO 30 FT) (FT) 20 

TURATION RATE 0 95 SATURATION R4TE 0 I3 

ROSITY 02 POROSITY 0 ; 

LK DENSITY(G/CM?) 15 BULK DENSJTY (G!CM*3) I( 

(L/KG) I OOE-05 Kd (L/KG) I OOF-(Ii 

TIAL SOIL CONC (MGKG) 0 INITIAL SOIL CONC (MG,XG) 17 

TURATEDLAYER 

TAL SATURATED ZONE THICKNESS. B (FT) 

‘RIZONTAL SEEPAGE VELOCITY, V (FT/YR) 

(L/KG) 

ROSITY 

RTICAL DISPERSIVITY. Az (FT) 

NGITL’DINAL DISPERSIVITY. Ax (FT) 

TERAL DISPERSIVlTY. AV (FT) 

TIAL CONC (q/L) 

EDICTED IMPACTS: 

SATURATED LAYER CONCENTRATION, 

FENCE LINE CONCENTRATION 

21 

s 99 

5 78E-02 

0 3 

0 14 

I 5 

0’ 

4 flooE+03 

4 OOE+03 (UGIL) 

2.58E+03 (UG/L) 

VERTICAL SEEPAGE VELOCITY. \‘zo (FT/YR) 14R 

DOWNGRADIENT AREA INFILTRATION RATE. 9 (FT/‘~R) 0 

SPECIFY MIXING DEPTH IComlmed from Smnula tf mp,,, NO) 11” 

MIXING DEPTH. H (FT) 17 0 

TIME OF PUMPING STOP, P&T (YEARS) 0 

&GE (YRS) 0 

CONC IN UPGRADIENT GROUNDWATER.CU? (UG!l.) 0 

DISTANCE TO Fence Line IC 

TIME OF MAXIMUM (YR) 

0 

3 6 



Version 2.0 for Excel 4.0 & 5.0 BROWN g. ROOT EKVIRONMENTAL 

,pyright 1997 SCREEN,NG-LEVEL EXCEL-CRYSTAL BALL TRANSPORT (ECTlm) MODEL 

TE: sw?du 9. N,G.fiey west COUTAIlINAST: trans-1.2.Dirhloroethen~ 

HALF-LIFE (YRS): 

LAYER 2: 7 9nz+oo 

VESTIGATOR: LK SATURATED LAYER 7 9?E+OO 

\TE: s/10/99 DOWNGRADIENT 7 9z+oo IhTTlAL CONC (ug'L1 4 OOE-0.: 

SATURATED L.4YER 

F,LT(FTWR) 0.83 B VT 2i Vm(FTYRI 4 48 

iUGT"(FT) 130 GWQ3(L,DAY) 2 66E-03 

IDTH(FT) 190 Kd(L'KG) 5 BE-02 GWV (FTNR) 8 9') KdlLshGl 0 m7s2 

)ROSITY? 03 S.ATURATION 1 00 H (FT) 27 0000 RET.\RD-\TlON 1 280, 

)ROSITYS.AT LAYER 03 THICKNESS(FT) 27 00 EFF.POROSITY 03" q(FT?'R) (1 

3NSITY 2 (CCM3) I5 DECAY(liDAY) 2 40E.04 DISPERSIWTY DECAY (I*YR] 8 8E-02 

ZNSITYGMA(GCM3) I.50 CBo(PPB) 400E-03 Az(FT) 0 I4 

CUZWB) OOOE+OO Ax (F-r) I 5" PBT(YEARS, c 

GE(YEARS) 0 QI (L,DAY) IZ%+03 QZ(L,DAY) _ I o,E+m AY F-U 0 so DISTAACF ToFL (FT) I< 

IMEINTERVAL(YRS1 18 SOURCEAREACONC(GM.4) FENCELINECONC 

LAPSEDTIME-YRS LAYER2(PPB) (UGfL) (UG:L) 

235E+OO 4 ooE+03 OOOE+OO 

3.6< g 
179E+oo 269E+03 I24E+03 

136E+OO 18lE+03 25SE+03 /- 

5.4 104E+OO lZlE+03 2 03ELOi 

7.2 791E-01 8 17E+02 ,4OE-03 

9 6 O?E-01 549E+O2 946E-02 

IOS 4 SSE-01 369E+02 636E-02 

126 3 49E-01 24SE+02 42?E+02 

144 2 66E-01 ,67E+02 288E+02 

162 202E-01 I IZE+OZ I93E+O2 

18 I 54E-01 7,54E+Oi i 30E+02 

I98 1 17E-01 5 07E-01 8 74E+OI 

216 8 92E-02 3,4lE+Ol 5 87E+Ol 

23 4 679E-02 229E+Ol 395E+Oi 

2s 2 S 17E-02 154E+OI 266E+ol 

27 3 94E-02 104E+OI ,7w+o1 

28 8 3 OOE-02 697E+OO I 20E+" I 

306 228E-02 468E+OO 807E+OO 

324 I74E-02 3 lSE+OO 543E'OO 

34 1 l.j?E-02 2 12E+OO 365E+OO 

36 I OIE-02 ,43E+OO 246E+OO 

37 8 766E-03 9 59E.01 I OLE+OO 

396 5 83E-03 64SE-01 I I IE-00 

414 4 44E-03 434E-01 747E-0, 

43 2 j 38E-03 292E-01 ? 03E-01 

45 2 57E.03 ,97E-01 3 38E-01 

40s ,.96E-03 132E-01 228E-01 

4S6 149E-03 8 TEE-02 I ?jC-0, 

so 4 1 145Oj 6 0 I E-02 I 0.3E-" I 

52 2 865E-04 4OSE.02 695E-02 

54 6 586-04 2 73E-02 468E-02 

55 8 501E-04 i 84E-02 3 16E-02 

57 6 3 828-04 I24E-02 2 13E-02 

594 29,E-04 838E-03 I43E-02 

61 2 22lE-04 5 66E-03 9 685-03 

63 I 68E-04 3 82E-03 6 53E-03 

64 8 I28E-04 2?9E-03 44lE-03 

666 976E-05 ,75E-03 2 98E-03 

684 743E-OS I ISE-03 202E-03 

702 5 66E.05 8 OiE-04 136E-03 
72 43lE-05 5 4x-04 0 2‘tE.04 

73 8 3 288-05 3 70E04 626E-04 

75 6 2 sotsOS 2 52E-04 425E-04 
774 I90E-05 ,7lE-04 2 89E-04 
792 145E-05 I ,7E-04 / 96E-04 

8, I IOE-OS 799E-05 I34E-04 

82 8 838E-06 547E-05 9 IZE-OS 
84 6 638E-00 3 7SE-05 623E-05 
864 486E-06 2 58E-OS 4 27E.05 

88 2 37OE-06 I 78E-04 293E-05 
90 282E-06 l Z;E-05 201E-05 

MAXIMUM 2,35E+OO 400E+03 2 58E+O3 



3.00E+03 

2.50E+03 

zl- 
? 3 2.00E+03 

10 

6 
$ 1.50E+03 

F 
wz 
$ l.OOE+03 

8 

5.00E+02 

TRANS-1,2-DCE; SOIL CONC. = 10 UG/KG; GW CONC. =4000 UG/L; AT THE SENTRY 

WELL 

O.OOE+OO 

0 18 36 54 72 90 

TIME (YEAR) 



BENZENE 



:opyright 1997 
BROWN & ROOT Eh’VIRONhlENTAL 

ITE: SWMU 9. NAS,Key West INVESTIGATOR: LK DATE: j , , (1 ‘Oi 

CHEMICAL CHARACTERISTICS 

ONTAMlNANT 

ALF-LIFE (YRS) 

PECIFIC ACTIVITY (Ci/g) 

E)(POSURE POINT. (UNDERS. FL) F 

Benzene UNDERS Under source. FL Fencetme 

WATER CRITERIA (UG!L) 7 13Ei0 

2 OOE+00 

0 OOE+OO TIME FRAME (YRS) 91 

SOURCE-TERM INFORMATION 

e I 00 

I (L/KG) 5 98E+00 

1EPLETlNG SOURCE 

WASTE CHARACTERISTICS 

lNlTlAL SOLID-PHASE CONCENTRATION (MGIKG) 

INPUT FOLLOWING PARAMETERS 

THICKNESS (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G!CM”3) 

0 00Ei00 

2 

06 

02 

I.5 

i THERE A TYPE 1 LAYER (YES,NO)? 

‘HE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

NO 

OW MANY SUBLAYERS (1 IO)” 6 

OTAL THICKNESS (UP TO 30 FT) (FT) 2 ZOE+OI 

ATURATION RATE 0.95 

OROSITY 02 

ULK DENSITY (G/CM3) I.? 

d (L/KG) I OOE-05 

ilTl.41. SOIL CONC (MG/KG) 0 

TEBATIVE DECISION-MAYING BOX 

LEACHATE CONCENTRATION (YESNO) 7 

INPUT SOLID-PHASE CONCENTRATION (MGKG) 

CONSTANT CONCENTRATION (YESNO)? 

TRY NEW GOAL 

ACCEPTABLE’ 

ENGINEERING CONTROL INFORf,I.ATION 

h0 

0 000E-0C 

SO 

0 oot:.+w 

Ih(‘RE:\SE 

INFILT(FT/YR) 

LENGTH (FT) 

WIDTH (FT) 

IS THERE A CLAY LINER LAYER (YE&NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

HOW MANY SUBLAYERS (I - IO)7 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE 

POROStTY 

BULK DENSITY (G/CM”)). 

Kd (L/KG) 

IS THERE A TYPE 2 LAYER (YESNO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATtON 

HOW MANY SUBLAYERS (I - IO)’ 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE, 

POROStTY 

BULK DENSITY (G/CM^3) 

Kd (L/KG) 

INITIAL SOIL CONC (.MG/KG) 

8 30E-01 

I45 

85 

“” 

3 

IO 

095 

02 

1.78 

, OOE-05 

NO 

5 

20 

0 13 

II 3 

IS 

I OOE-n5 

0 

4TUBATEDLAYER 

OTAL SATURATED ZONE THICKNESS. B (FT) 27 VERTICAL SEEPAGE VELOCITY. Vzo (FT/YR) 4 48 

ORIZONTAL SEEPAGE VELOCITY. V (FT/YR) 

d (L/KG) 

DROSITY 

ERTtC.4L DISPERSIVITY, AZ (FT) 

ONGlTUDtNAL DISPERSIVITY. Ax (FT) 

ATERAL DISPERSIVITY. Ay (FT) 

gITIAL CONC (udL) 

8 99 DOWNGRADIENT AREA INFILTRATION RATE, q (FTh’R) 0 

8 13E-02 SPECIFY MlXtNG DEPTH (Computed from formula if input NO) “” 

03 MIXING DEPTH, H (FT) 27 0 

0 14 TIME OF PUMPING STOP. P&T (YEARS) 0 

95 AGE (YRS): 0 

3.2 CONC IN UPGRADIENT GROUNDWATER,CU:. (UC/L) 0 

2 5OOE+OI DISTANCE TO Fence Line OF 

REDICTED IMPACTS: TtME OF MAXIMUM (YR) 

SATURATED LAYER CONCENTRATION 2.50E+Ol (UG/L) 0 

FENCE LINE CONCENTRATION I 99501 (UC/L) 0 



Vcrsmn 2.0 for Excel 4.0 & 5.0 BROWN & ROOT ENVIRONMENTAL 

,pyright 1997 SCREENING-LEVEL EXCEL-CRYSTAL BALL TR4NSPORTUXTrm) MODEL 

TE: SWMU 9. NAS.Key west CONTAMINANT: Benzenr 

HALF-LIFE (VRS): 

LASER 2: 2 ooE+oo 

XESTICATOR: LK SATURATED LAYER 2 OOE+OO 

43-E: 5:10/99 DOWNGRADIENT 2 OOE+OO INITIAL CONC.(ug'LI 2'OEiOl 

SATURATED LAYER 

lFfLT(FTNR) 0 83 B(FT)- 27 Vm(FT'YR1 4 48 

%GTH(FT) 145 GWQ3(WDAY) I27ErO3 

IDTHlFT) 85 fid(LKG) 8 13E-02 GWV (FTWR) 6 99 Kd(L.?x) "08i34 

IROSITY 2 03 SATURATION I 00 H (F-V 27 0000 RETARDhTION I 4067 

,ROSfTYSAT LAYER 03 THICKNESS(FT) 27 00 EFF POROSITY 0 30 'I (FTnx, , 

ENSIT,' ?(G!CM3) I' DECAY,I/DAY) 9 5OE-04 DISPERSIVITY DECAY(I?'R) ! 5F-0, 

ENSfTY GMA IGICM3) i 50 CBo(PPB) 250E+OI Az(FT) 0 I4 

CUZ(PPB) 0 ooE+oo Ax(FT) 950 P&T(YEARS) c 

GE(YEARS1 0 QIWDAY) 794Effl2 QZ(L/DAY) 480E+O? Av VT) 3 17 DISTANCE TO F I. (f.T) "( 

'lMEINTERVAL(YRS) 1.8 SOURCEAREACONC(GMA) FEUCELINECONC 

LAPSEDTIME YRS L.4YERZPPB) (LiG,Z) ICG'L) 

0 OOOE-00 25OE+OI OOOE+OO 

18 0 OOETOO I OOE-Of I 1lE.07 

3 6 O.OOE+OO 47lE-00 2 FE-03 

54 0 00!300 205E+OO 4 63 E-02 

8888-01 

+;; ;;z;i 

14lE-01 

3 86%01 I WE-O, 

167E-01 1 OIE-01 +. 

12.6 OOOE+OO 727E-02 I47E.01 
144 0 OOE+OO 3 l6E-02 0 79E-02 

162 0 ooE+oo 1378.02 ? WE-02 

18 OOOE+OO 5 95E-03 3.36E-02 

198 OOOE+OO 2 586.03 I SE-02 

21 6 OOOE+OO 1 12E-03 0 32E-03 

23 4 OOOE+OO 4876-04 4 75E.03 

25 2 O.OOE-00 2 IIE-04 2 34E-03 
27 OOOEfOO 9.18E-05 1 l3E-03 

28 8 OOOE+OO 3 98E.05 54fE-04 

306 OOOE+OO f 73E-05 2 CCE.04 

324 OOOE+OO 751E-06 1 IOE-04 
34 2 OOOE+OO 3 26E-06 '48E.05 

36 OOOE+OO i 42E-06 2 5lE-OF 
378 OOOE+OO 6 ISE-07 I 14c-OS 
39 6 OOOE~OO 2678.07 5 ISE-06 
414 OOOE+OO I i6E-07 2 33E-06 
43 2 OOOE+OO ? 03E-08 f.OiE-06 

45 OOOE+OO 2 ISE-08 4 69E-07 
468 OOOE+OO 948E-09 2 OOE-O? 
48 6 OOOE+OO 4 IZE-09 93OE.08 
504 0 ooE+oo I79E-09 4 12E.OS 
522 0 ooE+Oo 7 76E-IO I 83E-OS 

54 O.OOE+OO 3 37E-IO 8 06E-09 
55 8 0.00E+00 I46E-IO 3 .cSE-09 
576 OOOE+OO 6iSE.If 1 56E.09 
594 OOOE+OO 2 76E.II 6 SSE-10 
61 2 OOOE-00 I.ZOE-If 

63 
3 ox-10 

OOOE-00 S 20E.I? f 32E.IO 
64 8 OOOE-00 226E.12 ? WE-I I 
66 6 OOOE+OO 979E.I3 3 54E-II 
684 OOOE+OO 4 2'E-I? I IOE-II 
702 OOOE+OO I HE-13 478E.12 

72 0 ooE+oo 8 OZE-14 2 07L.I2 
73.8 0 ooE+oo :38E-l4 9 OIE-f3 
75 6 OOOE+OO /5lE-14 3 9IE-I3 
77.4 OOOE+OO 6 56E.I5 I lOE-I3 
792 OOOE+OO 285E-15 7 43E.f4 

81 0 "oE+oo I24E-15 3 IOE-14 
828 OOOE+OO 537E-16 I38E-14 
846 OOOE+OO 2.33E.16 6 I4E.IC 
864 OOOE+OO IOIE-I6 26lE-I' 
88 2 OOOE+OO 4.39E.17 I23E-15 

90 0 00E'00 I '?fE-17 3 07t.16 

MAXIMUM OOOElOO 2 soE+ol I99E.01 



0 II 

(ll3f-l) 
S

N
O

llV
kLLN

33N
03 



:CTran Verrmn 2.0 for Excel 4.0 & 5.0 

:opyright 1997 
BROIVN 6: ROOT ENVIROXMEN?‘AL 

I 

,ITE: SWMU 9. NAS,Key West ,N\‘ESTIGATOR: LK “ATE: j:i@W 

Benzene UNDERS Under source. FL, Fencetine 

~~ 

SOURCE-TERM INFORMATION 

:e I 00 

.I (L/KG) 5 98E+flO 

)EPLETING SOURCE 

WASTE CHARACTERISTICS 

INITIAL SOLID-PHASE CONCENTRATION (MG/KG) 

INPUT FOLLOWING PARAMETERS 

THICKNESS (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G/CM”3) 

0 OOE+OO 

2 

06 

0.2 

I5 

S THERE A TYPE 1 LAYER (YES,NO)? SO 

fHE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

lO\V MANY SUBLAYERS (I - IO)? 

‘OTAL THICKNESS (UP TO 30 FT) (FT) 

,ATURATION RATE 

OROSITY 

:ULK DENSITY (GICM”3) 

.d (L’KG) 

NITIRL SOIL CONC (MGiKG) 

6 

2 2OE+Ol 

0 95 

02 

IS 

I OoE-oc 

” 

ATURATED LAYER 

‘OTAL SATURATED ZONE THICKNESS. B (FT) 27 VERTICAL SEEPAGE VELOCITY. Vzo (FTNR) 4 48 

IORIZONTAL SEEPAGE VELOCITY. V (FT/YR) 8 99 DOWNGRADIENT AREA INFILTRATION RATE, q (FTIYR) 0 

.d (L/KG) 8 ,iE-02 SPECIFY MIXING DEPTH (Compuled from formula if input NO) “0 

OROSITY 0.3 MIXING DEPTH, H (FT) 27 0 

‘ERTICAL. DISPERSIVITY. Az(FT) 0 14 TIME OF PUMPING STOP, P&T (YEARS) 0 

UUGITLDINAL DISPERSIVITY. Aa (FT) 50 AGE (YRS) n 

ATERAL DISPERSIVITY. Ay (FT) 17 CONC IN UPGRADIENT GROUNDWATER.CU2 (UG!L) 0 

VITIAL CONC (ug,L) 2 500E-0 I DISTANCE TO Fence.l,,ne 50 

‘REDICTED IMPACTS: TIME OF MAXIhIUM (YR) 

SATURATED LAYER CONCENTRATION I soE+OI (lx/L) 0 

FENCE LINE CONCENTRATION I 26E+OO (UG/L) 72 

rERATlVE DECISION-MAKING BOX 

LEACHATE CONCENTRATION (YEShO) 7 

INPUT SOLID-PHASE CONCENTRATION (MG/KG) 

CONSTANT CONCENTRATION (YES NO)? 

TRY NEW GOAL 

ACCEPTABLE! 

ENGINEERING CONTROL 1NFORRlATION 

INFILT(FT/YR) 

LENGTH (FT) 

WIDTH (FT) 

IS THERE A CLAY LINER LAYER (YES,NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

HOW hlANY SUBLAYERS (I IO)’ 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE 

POROSITY: 

BULK DENSITY (G/CM-j) 

Kd (LKG) 

8 7OE-01 

145 

s5 

“0 

3 

IO 

0 95 

02 

I 78 

1 OOE-OS 

IS THERE A TYPE 2 LAYER (YE&NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

HOWMANY SUBLAYERS (I IO)? 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE 

POROSITY, 

BULK DENSITY (G/CM”)) 

Kd (L/KG) 

INITIAL SOIL CONC (MGIKG) 



Version 2.0 far Excel 4.0 & 5.0 BROWN & ROOT ENVIRONMENTAL 

opyright 1997 SCREENING-LEVEL EXCEL-<RYSTALBALLTRANSPORT(ECTmn)MODEL 

IT&Z: 

YYESTIGATOR: 
‘ATE: 

s;;;y wes’ ~_. 

SATURATED LAYER 

4FILT (FTVR) II 83 B (FT) 27 \‘zo (FTA’RI 4 48 

ENGTH (FT) 145 GW Q-1 (L’DAY) I 27E+Oj 

,lDTH (FT) 85 Kd (L/KG)- * 13E-02 GW V (FT/YR) 8 99 Kd (L’KG) 0 “813-l 

OROSITY 2 03 SATtiRATION I 00 H F’O 27 “000 RET,ARD.ATlO:\’ I .I”67 

OROSITY S4T LAYER 03 THICKWE% (FT) 27 00 EFF POROSITY 0 3” ‘I (FTMRI 0 

‘ENSITY 2 (GChl3) 15 DECAY (I/DAY) 9 50E-04 DISPERSIVITY DECA1’ (I ,I’R’, 3 cii-01 

‘ENSITY GMA (G:CM3) 150 CBO IPPB) 2 SOE+OI AZ v-n 0 14 

CC2 (PPB) 0 ooE+oo Ax (FT) 5 “0 P&T (YEARS, 0 

\GE (YEARS) 0 QI (LDAY) 7 94E+o? Q2 (LfDAY) 4 80ET02 AY (FT) 1 67 DISTANCE TO F L (FT) 50 

rlME IUTERVAL (YRS) 18 SOURCE AREA COW &MA) FENCE LlNE CO&C 

<LAPSED TIME YRS LAYER ?(PPB) (UGX) (UG’I.) 

0 0 OOE+OO 2 SOE+Ol 0 ooE+Oo 
18 OOOE+00 I 09E+Oi 2 51E-0: 
36 O.OOE+OO 4 71E’OO 3 63E-0’1 
54 OOOE+OO 2 OSE+OO 

o ;i:;:;; 

I. I‘lE+o~l 

- 72 8 SSE-01 I ?6E+Oo c 
3 WE-01 9 2IE-01 

108 O.OOE+OO I 67E-01 5 49E-01 
126 0 OOE+OO 7 27E-02 2 OIE-01 
14 4 0 OOE+OO 3 16E-02 
162 

,44E-01 

O.OOE+OO I 37E-02 
18 

6 S6E-0: 
0.00E+00 5 95E-03 

198 
3 16E-O? 

0 OOE+OO 2 SSE-03 
21 6 

I 43E-O? 
O.OOE+OO I IZE-03 

23 4 
6 40E-Oi 

0.00E+00 4 87E-04 2,S3E-0; 
2s 2 0 OOE+OO 2. I IE-04 

27 
I ?SE-03 

O.OOE+OO 9 ISE-05 
28 8 

5 46E.01 
O.OOE+OO 3 98E-OS 2 39E-04 

306 0.00E~00 I 73E-OS I 04E-01 
324 O.OOE+OO 7 SIE-06 
34 2 

4 53E-05 
0 OOE-00 3 XE-06 I 97E-05 

36 0 OOE-00 I 4?E-06 8 SE-05 
578 0 OOELOO 6 I SE-07 3 73E-OS 
396 0 OOE-00 2 67E-07 
41 4 

I .62E-05 
0 OOE-00 1.16E-07 

43 2 
7.04E-07 

0 OOE-00 5 03E-08 

45 
3.06E-07 

0 OOE-00 2 I8E-08 I 33E-07 
46 8 0 OOE-00 9 48E.00 5 76E-08 
48 6 0 OOE-00 JIZE-09 
50 4 

2 SOE-08 
0 OOE-00 I 79E-0’1 

52 2 
I 09E-08 

0 OOE-00 776E-10 
54 

4 72E.09 
0 OOE700 3 37E-IO 2 OSE-09 

SS 8 0 OOE+OO I46E-IO 
S7 6 

SSOE-I3 
0 OOE+OO 635E-I, 

594 
3 86E-I3 

0 OOE&OO 276E-ll 
61 2 

1688-13 
0 OOE+OO LZOE-I I 

63 
728E-11 

0 OOE*OO 5.20E.I2 5 16E-I I 
64 8 OOOE+OO 226E-12 
66 6 

I 37E-I I 
0 OOE+OO ‘1.798. I3 

68 4 
5 9SE-I2 

0 OOE+OO 4 2SE-I3 2 59E-I? 
70 1 0 OOE*OO 18SE.I3 

72 
i i,E-I? 

0 OOE-00 8 OZE-14 4 87E- I3 
73 8 0 OOE+OO i 48E-I4 2 12E-1: 
7’ 6 0 ooE+oo I SIE-I4 
77 4 

9 1 IE-I? 
0 ooE+oo 6 S6E-Ii 

79 2 
3 94E-I1 

0 ooE+oo 2 85E-IS i 8SE-I4 
81 0 OOE+OO 124E-IS 

82 8 
S4OE-15 

0 QOE+OO 5 37E-16 
84 6 

3 86E.15 
0 OOE+00 2 33E-16 

86 4 
I S4E-I5 

0 ooE+oo I OIE-I6 
86 2 

7 72%16 
0 OOE+00 4 39E-17 

90 
0 OOE+00 

0 OOE+OO I CIIE-17 0 OOE+OO 

MAXIMUM 0 OOE+OO 2 SOE+OI I 26E+OO 



1.40E+OO 

1.20E+OO 

2 l.OOE+OO 
u 
> 

g 8.00E-01 
- 

2 
E 6.00E-01 
!z 
0 
5 o 4.00E-01 

2.00E-01 

O.OOE+OO 

0 

BENZENE; SOIL CONC. = 0 UGlKG; GW CONC. =25 UGIL; AT THE SENTRY WELL 

18 36 54 72 90 

TlME(YEAR) 



TRICHLOROETHENE (TCE) 
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Iopyright 1997 
BRON’N & ROOT ENVIRONMENT:~L I 

ITE: SWMU 9, NAS,Key West ISVESTIGATOR: LK DATE: 5 10 w 

PECIFIC ACTI\‘ITY (Ci!&)) 

SOURCE-TER.M INFORMATtON 

e loo 

I (L/KG) 9 07EMO 

EPLETING SOURCE 

WASTE CHARACTERISTICS 

INITIAL SOLID-PHASE CONCENTRATION (MG/KG) 

INPUT FOLLOWING PARAMETERS 

THICKNESS (FT) 

SATUR4TIOU RATE 

POROSITY 

BULK DENSITY (GICM”3) 

0 OOE+OO 

? 

06 

02 

15 

i THERE A TYPE 1 LAYER (YES,NO)? NO 

‘HE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

OW MANY SUBLAYERS (I - IO)’ 6 

0.fA.L THICKNESS (UP TO 30 FT) (FT). 2 20E-0 I 

4TURATlON RATE 0 9s 

3ROSITY 02 

ULK DENSITY (G/CM”?) 15 

d (L/KG) I OOE-05 

;ITIAL SOIL CONC (MGIKG) 0 

9TURATED LAYER 

3TAL S4TURATED ZONE THICKNESS. B (FT) 27 

ORIZONTAL SEEPAGE VELOCITY. V (FT/YR). 8 99 

d (UKG) I 23E-01 

3ROSITY 03 

ERTICAL DISPERSIVITY. AZ (FT) 0 I? 

DNGITUDINAL DISPERSIVITY. Ax (FT) 87 

.\TERAL DISPERSIVITY. Ay (FT) 29 

IITIAL CONC (“d/L) 3 sooE+02 

REDICTED IMPACTS: 

SATURATED LAYER CONCENTRATION 

FENCE LINE CONCENTRATlOh 

3 SOE+02 (UG/L) 

1 69E+01 (lJG/L) 

I 
L 

T 

1 1 

i 

TERATIVE DECISION-MAKING BOX 

LEACHATE CONCENTRATION (YESNO) ” 

INPUT SOLID-PHASE CONCENTRATION (MG:KGl 

CONSTANT CONCENTRATION (YESSO)” 

TRY NE\V GOAL 

ACCEPTABLE’ 

ESGINEERING COSTROL INFORMATION 

UO 

0 0001: 1 Oil 

NO 

0 wt +oo 

IhCRE.‘\SE 

INFILT(FT/YR) 

LENGTH (FT) 

WIDTH (FT) 

IS THERE A CLAY LINER LAYER (YE&NO)? 

THE FOLLOWING DATA ARE NOT CSED IN THIS CALCULATION 

HOW MANY SUBLAYERS (I - IO)” 

TOTAL THICKNESS [UP TO 30 FT) (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G/CM^3) 

Kd (L/KG) 

IS THERE A TYPE 2 LAYER(YES,NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

HOW MANY SUBL4YERS (I - IO)? 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (GICM”3) 

Kd (L/KG) 

INITIAL SOIL CONC (MC/KG) 

VERTICAL SEEPAGE VELOCITY, Vzo (FT/YR) 4 4s 

DOWNGRADIENT AREA INFILTRATION RATE, q (FT/YR) 0 

SPECIFY MIXING DEPTH (Computed from formula if input NO) “0 

MIXING DEPTH, H (FT) 210 

TIME OF PUMPING STOP. P&T (YEARS) 0 

AGE (YRS) 0 

CONC IN UPGRADIENT GROUNDWATER.Cti2 (UC/I.) 0 

DISTANCE TO Fence Lme s7 

TIME OF MAXIMUM (YR) 

0 

I26 



Version 2.0 for Excel 4.0 & 5.0 BROWN & ROOT ENVIRONMENTAL 

,pyright 199: SCREENING-LEVEL EXCEL-CRYSTAL BALLTRANSPORT (ECTrm) MODEL 

TE: 

IVESTIGATOR: 
ATE: 

‘:;;y- wer’ ~: 

SATURATED LAYER 

:FILT (FTNR) cl83 B C=U 27 Vm(FTNR) 3 45 

SNGTH(FTJ 110 GWQ3(L’DAY) I c&E+03 

lDTH(FT) 130 Ed(L,KGI. I23E-01 GWV(FTNR) s 99 Kd (L,‘KGI 0 ,234s 

3ROSITY 3 03 SATUKATlON I 00 H F’U 270000 RETARDATIO:. ,cl,:r 

3ROSITYSAT LAYER 03 THICKNESS(FT) 2700 EFF POROSITY 030 q(FT?I’R) c 

ENSlTY 2(G/CM3) I’ DECAY (L’DAY) 4 22E-04 DISPERSIVITY DECAY (1 ?‘R) I ?E-01 

ENSlTYGMA(GCM3) I 50 CBo(PPB) 3.50E+O? AZ UT ” 14 

CU?(PPB, 0 OOE+oO Ax VT 8 70 P&T(YE.ARS) c 

.GE(YEARS) 0 QI fL/DAY). 92lEM2 Q2 (L/DAY). 7 34!z+02 Ay VT, 2 90 DISTANCE TCIFL (FT) s- 

‘IMElNTERVAL(YRSI IS SOURCEAREACONC(GMAI FENCELINECOPIC 

LAPSEDTIME-YRS LAYER2(PPB) (UC.21 (UG/L) 

0 000E+00 3.5OE+O2 0 ooE+o(l 

1.8 0 OOE+OO ?.16E+02 7 475cv 

36 OOOE+OO I33E+02 3 70E-O:! 

54 O.OOE+OO 8 24E+OI I 14E-00 

72 000E+00 5 osE+ol 5 ?OE-00 

9 OOOE+OO 3 14E+OI 

,$ -ii 

108E-OI 

108 OOOE+OO I94E-01 I S?E+Ol 

+ i:: :.i~E 

I .ZOE*OI i 69E+Oi .+ 

7,38E+OO I63E+Ol 

162 O.OOE+OO 4.56E+OO 142E+Ol 

18 O.OOE+OO 2.81E+OO I 16E+Ol 
198 OOOE+OO ,74E+OO 8 97E+OO 

21 b 0 OOETOO , 07E+OO 6 68E+OO 

23 4 OOOE-00 6.62E-0, 4 8:E+oO 

25 2 OOOE-00 409E-01 

27 

3 ‘l,E+Oc 

OOOE+OO 2,52E-01 2 36E+OO 
28 S OOOE+OO I ShE-01 i OIE+Oo 

30 b 0 ooE+oo 962E-02 I 09E+Oc 

324 OOOE+OO 5 94E-02 724E-01 

342 OOOE+OO 3 67E-02 478E-01 

36 0 ooE+oo 2 26E-02 3 ijE-01 

378 OOOE+OO / 40E-02 2 03E-01 

396 OOOE+OO 8 63E-03 I32E-01 
414 OOOE+OO 5 33E-03 847&O., 
43 2 OOOE+OO 3 ?9E-03 543@-O? 

45 OOOE+OO 203E-03 3 46E-01 

408 OOOE+OO I2SE-03 2 2oc-03 

480 0 ooE+oo 7 74E-04 I ?OE-03 

so4 OOOEiOO 4 78E-04 8 RJE-03 

52 2 0 ooE+oo 295E-04 s SSE-0; 

54 OOOE+OO I 82E-04 3 51501 
558 OOOE+OO I IZE-04 2 ?I&03 
576 OOOE+OO 694E-05 I39E-Oi 

594 0 ooE+oo 428E-OS 8b8E-01 
6, 2 o.ooE+00 2648-W 543E-01 

63 OOOE+OO I b3E-05 3 39504 

64 8 0 OOE+OO I OIE-05 2 ix-0-I 
666 0 OOE+OO 622E-06 I.32E-O? 
684 OOOE+OO 3 84E-06 8 23~.Oi 
702 0 OOE-00 2 37E-06 

72 
5 ,X-OF 

0 ooE+oo I46E-00 3 IDE-07 
73 8 OOOE+OO 904E-07 I 981:-O? 
75 b OOOEaOO 5 S8E-07 l23E-OC 
774 OOOE+OO 3 44E-07 764E.06 
792 OOOE+OO 2 13E-07 4 74E-“h 

81 OOOE+OO 131E-07 2 94E-Oh 

82 8 OOOE+OO 8 IOE-08 l83E-06 
840 OOOE+OO s OOE-08 I l3G-06 
864 OOOE+OO 3 09E.08 701~.07 
88 2 OOOE+OO I O,E-08 

90 
4 34E-07 

OOOE+OO I 18E-08 269~.07 

MAXIMUM OOOE+OO 3 50E+02 I GE’-01 



1.80E+Ol y 

1.60E+Ol 4 

/ 
1.40E+Ol $ 

2 
7 1.20E+Ol 

0-l 

5 

1 

l.OOE+Ol i 
F 

1 
z 8.00E+OO c 

5 

g 6.00E+OO / 

0 
4.00E+OO -! 

2.00E+OO -; 

TCE; SOIL CONC. = 0 UGlKG; GW CONC. =350 UGIL; AT THE SMALL POND 

O.OOE+OO L/ -++~-&-f- .~ +.. +-A.-++- 

0 18 36 54 72 90 

TIME (YEAR) 



XTran Version 2.0 for Excel 4.0 6: 50 

BRO\VS & ROOT EM’IRONMENTAL 
Copyright 1997 

;ITE: SWMIJ 9, NAS,Key West INVESTIGATOR: LK DATE: i IO 94 

LECHATE CONCENTRATION (YESNO) ’ 

INPUT SOLID-PHASE CONCENTRATION (MG!KG) 

CONSTANT CONCENTRATION (YESNO)’ 

iALF-LIFE (YRS) 

;PEClFIC ACTIVITY 0s) 

SOURCE-TERM INFORMATION ENGINEERING CONTROL INFORXIATIOK 

c.4 i 00 INFILT(FT/YR) 8 3OE-01 

<I (L:KG) 9 07E-00 

LENGTH (FT) I IO 

WIDTH (FT) I30 

IEPLETING SOURCE 

IS THERE A CLAY LINER LAYER (YE&NO)? “” 

WASTE CHARACTERISTICS 

INITIAL SOLID-PHASE CONCENTRATION (MG/KG) 0 OOEtOO THE FOLLOWING DATA ARE NOT USED IN THIS CAL’CULATION 

INPUT FOLLOWING PARAMETERS: HOW MANY SUBLAYERS (I - IO)” 3 

THICKNESS (FT) 2 TOTAL THICKNESS (UP TO 30 FT) (FT). 10 

SATURATION RATE 06 SATURATION RATE 0 95 

POROSITY 07 POROSITY 02 

BULK DENSITY (GICM”3) IS BULK DENSITY (G/CM?) I 78 

Kd (L/KG) I OOE-05 

IS THERE A TYPE I LAYER (YES.NO)? NO IS THERE A TYPE 2 LAYER (YE&NO)? NO 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

-IOW MANY SUBLAYERS (I 1 O)? 6 HOW MANY SUBLAYERS (I IO)? 5 

fOTAL THICKNESS (UP TO 30 FT) (FT) 2 20E+OI TOTAL THICKNESS (UP TO 30 FT) (FT)- 20 

SATURATION RATE 0 9s SATURATION RATE: 0 I3 

POROSITY 0.2 POROSITY 03 

BULK DENSITY (GICM”3) IS BULK DENSITY (G/CM”)) IF 

Kd (L:KG) I OOE-05 Kd (L/KG) I OOE-05 

INITIAL SOIL CONC. (MGIKG) 0 INITIAL SOIL CONC (MGIKG) 0 

SATURATED LAYER 

TOTAL SATURATED ZONE THICKNESS, B (FT) 27 VERTICAL SEEPAGE VELOCITY. Vzo (FT/YR) 4 4s 

HORIZOSTAL SEEPAGE VELOCITY. V (FT/YR) 8 99 DOWNGRADIENT AREA INFILTRATION RATE, q (FT/YR) 0 

Kd (L/KG) I23E-01 SPECIFY MIXING DEPTH (Computed from formula if 1npl.1 NO) “0 

POROSITY 03 MIXING DEPTH, H (FT) 27 0 

VERTICAL DISPERSIVITY. AZ (PT) 0 14 TIME OF PUMPING STOP, P&T (YEARS). 0 

LONGITUDINAL DISPERSIVITY. Ax (FT) 45 AGE (YRS) 0 

LATERAL DISPERSIVITY. Ay (FT). IS CONC !N UPGRADIENT GROUNDWATER.CU? (UC/L) 0 

INITIAL CONC (US/L) 3 5OOE+o2 DISTANCE TO Fence Line 45 

PREDICTED IMPACTS: TIME OF MAXIMUM (YR) 

SATUIWTED LAYER CONCENTRATION 3 SOE+O? (IJGIL) 0 

FESCE LINE CONCENTRATION 5.39E+01 (UGR) 9 



I Version 2.0 for Excel 4.0 & 5.0 BROWN & ROOT ENVIRONMENTAL 

.hpyright 1997 SCREENING-LEVEL EXCEL-CRYSTAL BALLTRANSPORT (ECTrm) MODEL 

SITE: SWMU 9. NAS.Key West CONTAMINANT: Ttichloroethenc (TCE) 

HALF-LIFE (\‘RS): 

LAYER 2: 4 SOE+OO 

hVEST,CATOR: LK SATURATED LAVER 4 5OE+oO 

BATE: silo/99 DOWNGRADIENT 4 50E+“O INITIAL CONC (u&L) ; 5OE~O2 

SATURATED LAYER 
NFILT (FfNR) 0 83 B (FT) 27 Vm (FT’YRI 4 41 

.ENGTH (FT) ,I0 GW Q3 (UDY) i ME*03 

YIDTH (FT) 130 Kd (LKG) I23E-01 GW V (FTNR) R 99 Kd (L!KC) 0 ,234 

‘OROSITY 2 03 SATURATION I 00 H VT) 27 0000 RETARDATIOK I 6 Ii- 

‘OROSITY SAT LkYER 03 THICKNESS (FT) 27.00 EFF POKOSITY 0 30 q (FTNR) c 

)ENS,TY 2 (G’CM3) IS DECAY (UDAY). 4 ??E-04 DISPERSIVITY DECAY (I!YK) / CE-“I 

)ENS,T\’ GM.4 (UCM3) I 50 CBo (PPB) 3 5OE+02 AZ 6-T 0 14 

cu: IPPB) 0 OOE+oO Aa (W 4 50 P&T (YEARS) c 

4GE (YEARS) 0 Ql &DAY) 9 2lE+02 02 (IJOAY) 7 34E+02 A?, G=n 1 50 DISTANCE TO FL (FT) 41 

TIME INTERVAL (YRS) 18 SOURCE AREA CONC (GMA) FENCE L,NF CONC 

SLAPSED T,ME - YRS LAYER 2(PPB) (UG.2) (UGL) 

0 0 OOE+OO : 50E+O2 

18 
0 OOE+OO 

0 OOE+OO 2 I OE+O? 3 18E.02 

36 0 OOE’OO I 33E+O? 

s4 

7 20E+oo 

0 OOE+OO 8 24E+Ol 5 23E+O I 
72 0 OOE+OO 5 08E+O, 5 14E+Ol 

q+ 70: ;:zJ; 
3 14E+OI 5 jOE+OI - 
1 94E+O I 4 60E+Ol 

126 I ?OE+O I 3 soE+O, 
144 0 OOE-00 7 38E+OO 2 4EE+OI 

162 0 OOE+OO 4 56E’OO I b8E+Ol 

18 0 OOE+OO 2.8 I E+OO 

198 
I IiE+OI 

0 OOE+OO I .74E+OO 7 ,5E+OO 

21 6 0 OOE+OO I .07E+OO 

23 4 
4 sbE+oo 

0 OOE+OO 6 62E-01 2 87E+oo 
25.2 0 OOE’OO 4 09E-0, I SOE+OO 

27 0 OOE*OO 2 SZE-01 I 12Ei-00 

28 8 0 OOEiOO I S6E-0, 6 WE-01 

30 6 0 OOE’OO 9 62E-02 4 34E-01 

32 4 O.OOE+OO 5 94E-02 2 OOE-01 
34 2 0 OOE+OO 3 67E-02 

36 
I 66E-0 1 

0 OOE-00 2 26E.02 I 03E-01 
37 R 0 OOE-00 I 40E-02 b 36&O? 
39 6 0 OOE+OO 8 63E-03 j 93&O? 

41 4 0 OOE+OO 5 33E-03 2 43E.02 

43 2 0 OOE+OO 3 29E-03 I .iOE-02 
45 0 OOE+OO 2 03E-03 0 2bE-0; 

40 8 0 OOE~OO i 25E-03 5 72E.03 
4s b 0 OOE+OO 7 74,s04 3 SjE-0; 
50 4 0 OOE+OO 4 78E-“4 

52 2 
2 I SE-03 

O.OOE-00 2 95t-04 I 35E-0.; 
54 0 OOE-00 I .82E-04 

55 8 
8 3 IE-04 

0 OOE+OO I IZE-04 5 13E-04 
57 6 0 OOE+OO b 94E-05 3 17E-04 
59 4 0 ooE+oo 4 28E-05 

6, 2 
/ OCE-04 

0 ooE+oo 2 64E-OS i 2 I E-04 
6.3 0 OOE+OO I 631-1-O? 7 4Ck.“i 

64 8 0 OOE+OO I OIE-05 
66 0 

4 001:.05 
0 ooE+oo 6 ?.2E-06 284E.0 

68 4 0 OOE+OO 3 84E-Ob 

70 2 
I 7?E-05 

0 ooE+oo 2 37E.00 I OSE-OS 
72 0 ooE+oo I 4bE-06 

73 8 
0 OSE-Ob 

0 OOE-00 9 04E-07 
75 b 

4 IX-Ob 
0 OOE-00 5 58E-07 ? 55E-06 

77 4 0 OOE+OO 3 44E-07 
79 2 

I 571:-06 
0 OOE+OO 2 I3E-07 

XI 
0 708-07 

0 ooE+oo I3lE-07 5 OOE-07 
82 8 0 OOE+OO 8 IOE-08 
84 6 

3 70E-07 
0 OOE+OO 5 OOE-08 

86 4 
2 2SE-“7 

0 OOE+OO 3 WIE-08 
88 2 

I 4 I E-07 
0 OOE+OO I’)IE-08 s 70,sOS 

90 0 OOE+OO I ISE-08 i ?7E-ox 

.MAXIMUM 0 OOE’OO 3 SOE+02 5 3OE-0, 



6.00E+Ol 

5.00E+Ol 

T 
I 

I 
‘?‘ 

; 4.00E+Ol 1 

v) 

5 
5 3.00E+Ol 
cc 
I- 

l.OOE+Ol -I 

TCE; SOIL CONC. = 0 UGlKG; GW CONC. =350 UGIL; AT THE SENTRY WELL 

TIME (YEAR) 

72 
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APPENDIX C 

SWMU 9 DATA SET AND CHAIN OF CUSTODY FORMS 

AIK-99-0033 C-l CT0 007 



PROJECT NAME: 

BRE PROJECT NO.: 

St IWPEO TO: PACELOF.! 

LABORATORY ANALYSIS 

I I I I I -I-- ’ 
J 

TOTAL NUMBER OF CONTAIN 

t .- 

MPIY BOllLES RELlNQUlSttEO BY (SIGNATURE) EMPTY BOIILES RECEIMO BY ( 

ELINQUISHED Bi+JkNAN SEAL INTACT? SEAL IHlACl? 

---%I YES NO N/A IIME: 
--..--..- 

/’ 
j YES NO N/A nuE: I-- 

LABORATORY 
, 

y: N;ti-\e v 

0 MANUFACTURER METHOD OF SHIPMENT: 

c-/ cc/ u u-/-() 

BILL OF LADING NO.: 

I WI IC-fULLY tXECUiE0 COPY 
iLLOW-f?ECElVlNC LABORATORY COPY 

I 
INK-SAMPLERS’ COPY/OA COPY 

pn,f.$r,,o*rr C.W . . . . . . ----. 



! . 
PROJECT NAME: sivhq 
BRE PROJECT NO.: m& /?mS CODE:@ 20 

P.0. NO.: --%?- f%g3l % 

shwLE0 8~ (PRINT):* 

SAMPLER / -/ 

’ LA6 0fvl-E 
I 

c& $ 

NO. I I 

I 
TIME SAMPLE IDENTIFICATION 00 % 

- ' 

COMMENTS: 4 

TOTAL NUMBER OF CONTAINERS 

0 MANUFACTURER METHOD OF SHIPMENT: BILL OF LADING NO.: --- 

IC-fulLY cxcculElJ COPY SAMPLING TEALI: 
-- .- 

RECEIVED FOR LAOOnAlOnY 

LOW-RECEIVING LABORAlORY COPY BY (SIGNAIURE): 1 No. 3004 
K-SAMPLERS. CC#-‘Y/OA COPY 



CHAIN OF CUSTODY RECORD LABORATORY ANALYSIS’. 

SAMPLE0 BY (PRINT): 

SAMPLER SIGNATURE: 

F 1 DATE ( TIM: 1 
uu 

SAMPLE IOENTlFlCATtON 

SAMPLE 
TYPE 

EMPTY B_OTILES ALllNWlStiED BY (SIGNATURE) 

TOTAL NUMBER OF CONTAINERS 13 13 13 118 17 I3 1 1 1 131 
1 -SEAL INlAW? IDATE: G, J&q% 1 EMPTY~ltlE~ RECEIVED l3Y,(SlGNn_tUl?E) I/ ‘tQU INIACI? 1 OAK: .%-/I 2 /?T 

1 i&E: OAK: 

3 
V 

YES NO N/A nm I@. ’ YES NO N/A IWE: 

LABORATORY REMARKS: 
krwr”f +skwAl~ 

iAMPLE CCNTA ERS PIICCLEANEO BY: 
0 BRE kL ABORAfORY IJMANUFACTURER I METHOD Of SHfPMENT: BILL OF. LhNG NO.: io2~~+q7 I 72 

TE-fULLY EXECUTE0 COPY 
’ .OW-RECEIVlNC LABORATC+tY COPY I EC Lt. 3ou8 

-.~ 
.LIY~C.LImYCOC* a-MY/A. #w-a” 



i 
i 

Validated betects 

ALKALINITY (TO PH 4.5) AS CAC03 

SOMW-12 CHLORIDE MISC CL 40 

S9MW-12 METHANE ov METH 2 

SBMW-12 SULFATE AS SO4 MISC so4 47 

S9MW-12 SULFIDE MISC SUL 1.5 
I I 

9Mw-12 ITOTAL ORGANIC CARBON IMISC ITOC ] 6.71 

S9MW-3 

S9MW-3 

S9MW-3 

S9MW-3 

S9MW-3 

ALKALINITY (l-0 PH 4.5) AS CAC03 

CHLORIDE 

METHANE 

SULFATE AS SO4 . 

TOTAL ORGANIC CARBON 

MISC ALK i20 

MISC CL 170 

ov METH 32 

MISC so4 200 

MISC TOC 14 

$9MWlO ALKALINITY (TO PH 4.5) AS CAC03 

SOMWlO CHLORIDE 

S9MWlO METHANE 

SOMWlO SULFATE AS SO4 

MISC ALK 380 

MISC CL 490 

ov METH 1000 J 

MISC so4 300 

S9MWlO SULFIDE MISC SUL 7 

S9MWlO TOTAL ORGANIC CARBON MISC TOC 28 

SOMWl5 ALKALINITY (TO PH 4.5) AS CAC03 MISC ALK 340 

SBMWl5 CHLORIDE MISC CL 2200 

S9MWl5 ICIS-1,2-DICHLOROETHENE lov (ov 1 13001 

SOMWl5 METHANE ov METH 30 

SOMWl5 SULFATE AS SO4 MISC so4 300 

SSMW15 TOTAL ORGANIC CARBON MISC TOC 10 

SSMW15 TRANS-1,2-DICHLOROETHENE ov ov 4000 
I I I 

SSMWl5 ITR~CHLOROETHENE lov lov I 3501 

‘S9MWl7 ‘AiiKALiNiiY (TO Pi 4.5) AS cAC03 ‘MISC -ALK 230 

SSMWl7 METHANE ov METH 40 

SOMW17 SULFATE AS SO4 MISC so4 34 

SOMWl7 TOTAL ORGANIC CARBON MISC TOC ‘, 2.6 

S9MW19D ALKALINITY (TO PH 4.5) AS CAC03 MISC ALK 340 

MGlL 0 0.41 1 

MGIL 0 0.291 1 

~MGA 0 0.29 1 

~UG/L ’ 0 0.04 47 

IMGA 0 1.4 5 

‘MGA 0 0.27 1 I 
‘MGA 0 0.4 1 

MO/L 0 0.29 1 

UGR 1 01 0.041 
I I I 

MGA 1 01 1.41 

I I I 

MGlL I 01 0.4) 1 

T&a Tech NUS Pfmr I 



Validated Detects 

SOMWl9D CHLORIDE MISC 

SOMWl9D METHANE ov 

SBMW19D SULFATE AS SO4 MISC 

lse~wie~ /SULFIDE ~~~ ]Ml% SUL I 1.71 

s9Mwi9D ITOTAL ORGANIC CARBON IMISC TOC 1 3.11 

S9MW21 ALKALINITY (TO PH 4.5) AS CAC03 MISC 

S9MW21 CHLORIDE MISC 

SBMW21 CIS-1 ,P-DICHLOROETHENE ov 

S9MW21 METHANE ov 

ALK 420 

CL 4000 

ov 94 

METH 61 

lssMw2i ISULFATE AS so4 IMISC 

k9MW21 ISULFIDE IMISC 

ITOTAL ORGANIC CARBON IMISC 

TRANS-1,2-DICHLOROETHENE lov 

P-BUTANONE lov 
I 

S9MW22 IACRYLONITRILE lov 

/S9MW22 ALKALINIM (TO PH 4.5) AS CACOB MISC 

CHLORIDE MISC 

CIS-1 ,P-DICHLOROETHENE ov 

METHANE ov 

lMG/L 0 0.29 

UG/L 0 0.68 k9MW22 

t S9MW22 UG/L 0 0.04 47 

MG/L 0 1:4 5 

MGlL 0 0.38 1 
4 

S9MW22 /SULFATE AS so4 IMISC 

k9MW22 ISULFIDE IMISC 

/S9MW22 

k9MW22 

k9MW23 

‘MGR 0 0:27 1 

UG/L 0 0.68 5 

UGlL 0 0.88 5 

UG/L 0 0.88 5 
1 

MG/L 1 01 0.41’ 1 

S9MW24 ICHLORIDE IMISC 

(GtiW24 ICI S-l ,P-DICHLOROETHENE I ov 
S9MW24 METHANE ov 

S9MW24 SULFATE AS SO4 MISC 

S9MW24 TOTAL ORGANIC CARBON MISC 



S9MW24 TRANS-1 ,P-DICHLOROETHENE 

S9MW24-D 

S9MW24-D 

S9MW24-D 

S9MW24-D 

S9MW24-D 

S9MW24-D 

SBMWZCD 

S9MW24-D 

S9MW5 

S9MW5 

S9MWS 

S9SR1 NA 

Validated Detects 

. lov lov I 20001 lUG/L I 01 O.SSl 51 

ALKALINITY (TO PH 4.5) AS CAC03 MISC ALK 530 MO/L 0 6.4 1 

CHLORIDE MISC CL 1800 MGA 0 0.29 1 

CIS-1,2-DICHLOROETHENE ov ov 820 UGR 0 0.68 !i 

METHANE ov METH 35 uon 0 0.04 47 

SULFATE AS SO4 MISC so4 870 MO/L 0 1.4 5 

SULFIDE MISC SUL 1.1 MGA 0 0.38 1 

TOTAL ORGANIC CARBON MISC TOC 23 MGA 0 0.27 1 

TRANS-1,2-DICHLOROETHENE OV ov 2000 UG/L 0 0.88 5 

BENZENE ov ov 25 UG/L , 0 0.31 5 . 
CARBON DISULFIDE lov lov 1 39/J IUGR 1 01 0.87] 5 

ETHYLBENZENE ov ov 200 UGR 0 0.38 5 

XYLENES, TqTAL ov ov 160 J UGA , 0 1.1 5 

ACROLEIN ov ov 100 J UGA 0 55 100 
I 

TOTAL ORGANIC CARBON IMISC ITOC 1 72OOOlJ IMGIK 1 01 501 100 

Tetra Tech MS Page 3 



Serial Number UWXL~ 

SL SAVANNAH LAf3ORATORlES 
& ENVIRONMENTAL SERVIiTES, INC. 

ANALYSIS REQUEST AND CHAIN OF CUSTODY RECORD 

’ /- J 5102 LaRoche Avenue, Savannah, GA 31404 Phone: (912) 354-7858 Fax: (912) 352-0165 
Ci 2846 Industrial Plaza Drive, Tallahassee, FL 32301 Phone: (904) 8783994 Fax: (904) 878-9504 
C 414 SW 12th Avenue, Deerfield Beach, FL 33442 Phone: (954) 421-7400 Fax: (954) 421-2584 
Clll 900 Lakeside Drive, Mobile, AL 36693 Phone: (334) 666-6633 Fax: (334) 666-6696 
17 6712 Benjamin Road, Suite 100. Tampa, FL 33634 Phone: (813) 685-7427 Fax: (813) 8857049 
I. I 100 Alpha Drive, Suite 110, Destrehan. LA 70047 Phone: (504) 764-1100 Fax: (504) 725-t 163 

REQUIRED ANALYSES 

EXPEDITED REPOR 
DELIVEAY(surcharge 

J /I 
I 

LABORATORY USE ONLY 1 
RECEIVED FOR LABOR#TORY By: (SIGNATURE) DATE TIME CUSTODY INTACT CUSTODY SEAL NO. SL LOG NO. LABORATORY REMARKS: 

OYES aNO 

7 NUMBER OFCONTAtNERS SUBMITTED I REMARKS 

--- 

3 

2 - .----___ 

3 
,3 3 

.___- -- --- 
3 I_ -.. 

3 
I I I i-i. _ .’ 

SJ 1.1 I nJRE) 1 DATE, RELINQUISHED BY. (SIGNATURE)’ 1 DATE 1 TIME - 



SAVANNAH LAt3ORATORlES 
& ENVlRONMENTAL SERVICES, INC. 

ANALYSIS REQUESTAND CHAIN OF CUSTODY RECORD 

5102 LaRoche Avenue, Savannah, GA 31404 Phone: (912) 354-7858 Fax: (912) 352-0165 
1U 2846 Industrial Plaza Drive, Tallahassee, FL 32301 Phone: (904) 878-3994 Fax: (904) 878-9504 
1I.I 414 SW 12th Avenue, Deerfield Beach, FL 33442 Phone: (954) 421-7400 Fax: (954) 421-2584 
Kl 900 Lakeside Drive, Mobile, AL 36693 Phone: (334) 666-6633 Fax: (334) 666-6696 
( I) 6712 Denjamrn Road, Suite 100, Tampa, FL 33634 Phone: (813) 885-7427 Fax: (813) 885-7049 
CT1 100 Alpha Drive, Suite 110, Destrehan, LA 70047 Phone: (504) 764-1100 Fax: (504) 725-l 163 

I MATRIX 
TYPE I REQUIRED ANALYSES 1 PAGEA OF; 

DATE 1 TIME SAMPLE IDENTIFICATI NUMBER OFCONTAINERS SUBMITTED I REMARKS 

1 I I I I , , I I I 

!?tT!Y - 
TIME 

/&qqJ i lm 

RELINQUISHED BY (SIGNATURE) DATE 1 TIME 

RECEIVED BY: (SI$N&fU~E) 
--l---I 

, . _ -, _ -_ __ _ _. I I I I I 1 

d lI 
r , 

LABORATORY USE ONLY ’ - - 
RECEIVED FOR LABORATORY BY: (SIGNATURE) DATE TIME CUSTODY INTACT CUSTODY SEALNO. SL LOO NO. LABORATORY REMARkS: 



TARGET LABORATORIES 
10555 Guilford Rd. Suite 127, Jessup, Md 20’794 
Office: 301497-6400 Fax: 3014974440 

:LIENT: 7( .7%-/l Teec II wz 

G)lr;-s; fi )q-m-17’6- 

@j/z ) qa - f% 33 ‘HONE. FAX L//2) cja-~.=~ 

:LIENT PROJECT #: (-$d- &J PROJECT MANAGER. 

CHAIN-OF-CUSTODY RECORD 
JOB CODE: ,fiRP@~~ . 

P.O.# : 

FIELD NOTES 

EIJNQUISHED BY: (Signature) RECEIVED BY: (Signature) 

.I 

,,<.’ 
Total Number of Containers 

~‘. II. ; 

a 1’ “ I’. ’ : ,.,5r 
:‘,:“.:p _,_, 

Chain of Custody Seals Y/N NA 

DATERIME Seals Intact? Y/&l NA iLlNQUlSHED BY: (Signature) DATE/TIME 

I I 

RECEIVED BY: (Signature) 

I I 

Received Good Cond./Cold 

I Notes: 

I 

I 

i 

i 

! 
! 

I 



TAh&ET LABORATORIhk 
10555 Guilford Rd. Suite 12’7, Jessup, Md 20794 
Office: 301-497-6400 Fax: 30149’74440 

\ 
‘i 

CHAIN-OF-CUST DY RECORD 
JOB CODE: &d@ 

I P.O.# : 

‘HONE: C L//z) 721 -S66)3 F,#.(’ tjz) CiE 

I 

LOCATIQN: /t/;Ar I(‘(r )1Jc;r . 
at ~~~S+coT “chj=,, OF : 

ZLIENT PROJECT #: PROJECT MANAGE COLLECTOR&m ~~~c~ COLLECTIONi&k 

Sample 
FIELD NOTES 

. I I I I I I I I I 

RELINQUISHED BY: (Signature) DATE/TIME RECEIVED BY: (Signature) DATE/TIME SAMPLE RECEIPT LABORATORY NOTES: 

c-zair-P;> I .] ,y ;’ ,---’ l-a+-, k,,,wA.,.. ..c f-4,-*,:---.. 

&E+... w/ L 4/j.; .p 
I U~QI I~IIIUU~ VI wuittaillula 

(’ -‘.‘i ,#*’ 1 I - .I;? $7 
I Chain of Custody Seals Y/N NA 

J 
IELINQUISHED BY: (Signature) DATUTIME RECEIVED BY: (Signature) 



SWMU 9 Detects 

SUBZONE LOCATION SAMPLE MATRIX FRACTION PARAMETER RESULT QUAL UNITS 
SWMU 9 SSSBFOC SSSBFOC SS MISC Fractional Organic Carbon 33000000 ‘. UG/KG 
SWMU 9 S9-MW-051198 S9MW5 GW ov Benzene 18 UG/L 
SWMU 9 S9-MW-151198 S9MWl5 GW ov cis-1,2-dichloroethene 280 UG/L 
SWMU 9 S9-MW-24-1198 S9MW24-AVG GW ov cis-1,2-dichloroethene 60.25 UG/L 
SWMU 9 S9-MW-21-1198 S9MW21 GW ov cis-1,2-dichloroethene 60 UG/L 
SWMU 9 S9-MW-23-1198 S9MW23 GW ov cis-1,2-dichloroethene 4.6 UG/L 
SWMU 9 SS-MW-14-1198 S9MWl4 GW ov cis-1,2-dichloroethene 3 UG/L 
SWMU 9 S9-MW-051198 S9MW5 GW ov Ethylbenzene 78 UG/L 
SWMU 9 S9-MW-15-1198 S9MWl5 GW ov trans-1,2-dichloroethene 820 UG/L 
SWMU 9 S9-MW-24-1198 S9MW24-AVG GW ov trans-1,2-dichloroethene 105.25 UG/L 
SWMU 9 S9-MW-21-1198 S9MW21 GW ov trawl ,2-dichloroethene 51 UG/L 
SWMU 9 S9-MW-23-1198 S9MW23 GW ov trans-1,2-dichloroethene 13 UG/L 
SWMU 9 S9-MW-14-1198 S9MWl4 GW ov trans-1,2-dichloroethene 5.2 UG/L 
SWMU 9 S9-MW-05-1198 S9MW5 GW TPH Total Petroleum Hydrocarbons 5900 UG/L 



APPENDIX D 

FIELD LOGBOOK 



PROJECT NAME NOTEBOOK NO. 

t 

I 

I 

,c”w,, 

SIGNATURE DATE ---.-I9 
READ AND UNQERSTOOD DATE 19 11_- 





s -7.30, 
, ,,T ‘- SIGNATURE &.A &iii& DATE z/,2/ -)g 72 

READ AND UNDE%%STOOD DATE -- 19 
t -- 

_ - _ ^ - - -. _ -.‘.A 





I ” I / 
/..+=. 

SIGNATURE DATE d&/B 19 9 4 
READ AND UNDERSTOOD DATE - ‘9 ! # -- 





A /. 

r” SIGNATURE 
READ AND UNDER$&-OOD 

DATE &/ 19 ‘iv 

t DATE _I_ 1921 







I - . . 

READ AND U 



d / // 

/-‘“, /* 
i 

SfGNATURE &/ ‘/w - i DATE t+-#@ 19 j, 
READ AND UNDEWOOD DATE 19 ; 

1 



t L 
- 



A / 
p --. 

SIGNATURE 
7 

DATE lc!~j’48 19 ~ 
READ AND UNDERS%3OD DATE 19 __ i! 



a- 
” 

/ READ AND UNDE 

/ / 

SGNATURE DATE iI(t%!GB 19 _ 
DA-I-E 19- - 

‘ 





- _... - -_.- . .i 





I Mn = 0.0 



t 

I n n / 
/-- 

SfGNATURE 
READ AND UNDEFOOD DATE 





I 



. 

. 

. 

.- 
‘- 

. 
. 

, 

6 .I
 

-;s
 . ’ 

- 
1 ! 

: 
! 

I 

---
A 

I 
i 

: I i i 
: 

c 



APPENDIX E 

RESPONSE TO COMMENTS 



8/l 1 t99 

,- a. 
DRAFT RESPONSE TO U.S. EPA COMMENTS 

NATURAL ATTENUATION STUDY RESULTS FOR SWMU 9 FEBRUARY 1999 
FOR NAVAL AIR STATION, KEY WEST, FLORIDA 

General Response: 

The natural attenuation report was prepared to present the results of the natural attenuation screening 

study performed at the site. The screening was viewed as a cost-effective measure to achieve the data 

quality objective as to whether or not natural attenuation was occurring at the site. This repor? relied 

heavily on previous studies and reports for the site in order to reduce the volume of the natural 

attenuation report. Each of these supporting documents is cited in the natural attenuation report. In 

addition, the site is currently undergoing a Corrective Measures Study (CMS). The natural attenuation 

report is designed to be an appendix to the CMS report. 

GENERAL COMMENTS 

--, 

Comment la: While some of the geochemistry data and the presence of cis-1,2-dichloroethene suggest 

that natural attenuation may be occurring at the site, the occurrence of natural attenuation alone does not 

provide a basis for selecting natural attenuation as a remedy. The identification and location of 

downgradient receptors, contaminant travel time (not just select contaminants), and the time fra.me for 

aquifer remediation (by natural attenuation) are some of the other factors that need to be evaluated 

further. 

Three lines of evidence that can be used to support natural attenuation of chlorinated aliphatic 

hydrocarbons include’: 

1. Observed reductions in contaminant concentrations along the flow path downgradient of the source of 

contamination. 

2. Documented loss of contaminants at the field scale using 

a) Chemical and geochemical data including 

- decreasing parent compound concentrations 

- increasing daughter compound concentrations 

- depletion of electron acceptors and donors 

- increasing metabolic byproduct concentrations 
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b) A conservative tracer and a rigorous estimate of residence time along the flow path to docum.ent 

contaminant mass reduction and to calculate biological decay rates at the field scale. 

3. Microbiological laboratory or field data that support the occurrence of and give rates of 

biodegradation. 

The report relies primarily on the second line of evidence, in part, to support natural attenuation as a 

viable remedial alternative. The first line of evidence, observed reductions in contaminant concentrations, 

has occurred at the site; however, this could be attributed to the former pump and treat system, tidal 

flushing, and Hurricane Georges. The limited data set (after the pump and treat system ceased) includes 

May 1998 and November 1998 sample data. Hurricane Georges occurred between these dates and had 

a significant impact on the analytical data. Due to these factors, the current data for the site is insufficient 

to demonstrate that observed reductions in contaminant concentrations is a result of natural attenuation. 

The third line of evidence, direct microbiological evidence, has also not been demonstrated since 

microbiological field or laboratory data was not collected. 

Response: Since natural attenuation includes not only biodegradation, but also sorption, dispersion, 

dilution, and volatilization, the Navy disagrees with the reviewers, conclusions that the current data for the 

site are insufficient to demonstrate that observed reductions in contaminant concentrations are a result of 

natural attenuation. While it is true that seasonal fluctuations, changes in rainfall, and changes in tidal 

cycle impact the plume geometry, the isoconcentration contour maps provided from 1994 through 

November 1998 demonstrate no significant spread in the plume geometry over the 4-year period. 

Comment lb: It should also be noted that the natural attenuation screening process used in the report 

(Section 54.1) is intended to be just that - a screening process. The resultant scores provide an 

indication of whether it is worthwhile to spend the additional resources (time and money) to demonstrate 

that the degradation of site contaminants is occurring at rates sufficient to be protective of human health 

and the environment. Decisions regarding the applicability of natural attenuation as a remedial alternative 

should not be based on this screening process alone. Based on some of the geochemical data and the 

natural attenuation screening process for SWMU 9, it appears that natural attenuation processes are 

occurring; however, it has not been demonstrated that the degradation of site contaminants is occurring 

at rates sufficient to be protective of human health and the environment. 

Response: As previously mentioned, the isoconcentration contour maps provided from 1994 through 

November 1998 demonstrate no significant spread in the plume geometry over the 4-year period. In 

addition, it is anticipated that the downgradient receptor (lagoon) will not be adversely impacted by the 

groundwa ter plume. 
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Comment lc: The review of the report revealed several major problems (discussed in further detail 

below) with respect to the recommendation that Monitored Natural Attenuation (MNA) be selected as the 

groundwater remedy for the SWMU 9 groundwater. A greater effort is needed with respect to field data 

collection and the evaluation and presentation of the data before MNA can be considered as a viable 

groundwater remedy. Due to the number and significance of the comments raised below, it is 

recommended that the report be revised and resubmitted for review. 

Response: The Navy disagrees with the reviewers conclusions that a greater effort is needsed with 

respect to field data collection and the evaluation before monitored natural attenuation can be considered 

a viable groundwater remedy. The site is currently undergoing a CMS to provide further evaluation of 

potential remedial alternatives for this site. The Navy does not believe that additional geochemkaal and 

microbiological characterization is warranted to support the evaluation of a long-term monitoring in the 

CMS. 

;.- -.. 

Comment 2: The report does not provide sufficient information to determine whether the stratigraphic 

horizon(s), where most contaminant transport is expected to occur, has been identified. For example, the 

depths of the screened intervals for the monitoring wells have not been provided, and it is not clear 

whether the depth of contamination in the surficial aquifer has been adequately defined. As such, rt is not 

evident whether the monitoring wells that were selected for the natural attenuation study are screened in 

the appropriate stratigraphic horizon(s). 

A table should be included to provide needed information, such as ground elevation and screen depths, 

for each of the SWMU 9 monitoring wells. Geological cross-sections should also be provided, both 

perpendicular and parallel to the critical flow path (direction of plume migration). Since the groundwater 

flow direction at the site is radial to some extent, there is potentially more than one critical flow path. The 

cross-sections should include the ground surface elevations, monitoring well locations (screened interval 

noted), and the location of other relevant features (access road, source area, lagoon, etc.). 

Response: The Supplemental RfI/R/ for NAS Key West High-Priority Sites provides the well depths for 

the wells selected in the study. Each well is 0 to 12 feet within depth in the water table aquifer that is 

determined to be the appropriate stratigraphic horizon. Due to the nature of the shallow water table 

aquifer and the significant information included in the previously referenced reports, the Navy does not 

believe that the development of a cross section is necessary or cost effective. 

Comment 3: The site conditions, as presented in Section 2.2, are general in nature and pertain to the 

Lower Florida Keys or Key West. Section 2.2 is extremely lacking in the discussion of the site-specific 
I . . . 

(SWMU 9) geology and hydrogeology. An understanding of the site-specific conditions is critical to the 
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demonstration of natural attenuation at SWMU 9. The report should be expanded to include a detailed 

discussion of the site-specific geology and hydrogeology. 

Response: The Navy disagrees and believes that the geology and hydrogeology have been adequately 

described in the supporting documentation. As stated in Section 2.2, the report included “...a brief 

description of the site history and background relevant to the natural attenuation study. Additional site 

background details can be found in the previously prepared Contamination Assessment Repot? (ABB, 

1994), Groundwater Evaluation Report (BEI, 1995a), and Supplemental RFI/RI Report (B&RE 1997).” 

Comment 4: Several of the comments below pertain to site-specific data such as hydraulic gradient, 

hydraulic conductivity, partitioning coefficients, effective porosity, etc. These data were used as input 

parameters for the model that estimated the contaminant concentrations for the groundwater in the sentry 

well and the surface water in the pond. Based on the outcome of these comments (i.e., Navy responses), 

it may be necessary to edit some of the input parameters and re-run the model. The revised results may 

have an impact on the recommendation for monitored natural attenuation as a remedial alternative. 

In addition, the groundwater modeling effort only addresses four contaminants: cis-1,2-dichlorothene, 

trans-1,2-dichloroethene, trichloroethene, and benzene. Based on the limited information provided, it 

could not be determined whether there may be other contaminants of concern (CoCs) present that would 

not be remediated by natural attenuation processes. Historically, groundwater at SWMU 9 has also been 

contaminated with semi-volatile organic compounds (SVOCs). In addition, the text states that metals 

were the most widespread soil contaminants; however there is no discussion of metals in groundwater. 

The report should identify all site CoCs, and these should be included in the modeling efforts. 

Response: An appropriate modeling effort will be performed as indicated. The modeling effort was 

designed mere/y to assist in the location of S9MW-25. The well location effort was further aided by the 

use of groundwater screening samples to confirm that the well was installed beyond the downgradient 

edge of the contaminant plume. 

The NAS Key West Partnering Team did not view the SVOCs at the site as contaminants of concern 

based on the findings of the Supplemental RFl/Rl human health and ecological risk assessments. The 

natural attenuation study was designed specifically to evaluate the four VOCs listed above. 

Comment 5: The surficial aquifer at SWMU 9 is tidally controlled and fluctuates constantly; however, the 

report does not adequately identify the impact of tidal flushing or extent of tidal influence. The tidal effects 

on the site must be better understood in order to effectively interpret the contaminant and geochemical 

(natural attenuation parameter) data. 
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Response: Tidal influence has been measured at a maximum of 0.55 feet. However, according to the 

tidal influence study performed at SWMU 9 in November 1993, “Tidal fluctuations result in a temporary 

change in the water table gradient; however, these fluctuations are not expected to cause any noticeable 

horizontal migration of the contaminant plume.” Additional text will be added to Section 2.2.3 to identify 

the impact and extent of tidal flushing. 

Comment 6: Groundwater modeling was performed using the ECTran model. The applicability of this 

model to SWMU 9 is questionable as it is unclear whether the model accounts for, or could account for, 

the tidal impacts to the site. This issue requires clarification. 

/ -... 

Response: As mentioned previously, the modeling effort was performed to assist in the location of 

S9MW-25. Tidal influence is indirectly accounted for in the ECTran mode/. The only input parame;!er that 

is related to the tidal influence is the groundwater contour gradient. The groundwater contour gradient 

has been considered conservatively in the model. Refer to the response to Specific Comment #29 for the 

estimation of the gradient. in addition, tidal fluctuation has been measured at a maximum of 0.55 feet. 

Refer to the response to General Comment #4 for a description of tidal impacts to the site. Accofiding to 

the tidal influence study performed in November 1993, “these tidal fluctuations only result in a temporary 

change in groundwater table elevations, and therefore, were not determined to be critical.” The modeling 

effort assisted in the location of the sentry well (S9MW-25). Although the ECTran model does not directly 

account for the tidal impacts to the site, using the ECTran model as a groundwater transport modeling 

tool is considered adequate for the determination of the location of the sentry well. This is because there 

is only minor tidal fluctuation at the site, and the input value for the groundwater gradient is cokervative. 

SPECIFIC COMMENTS 

Comment 1: Page 2-1, Second Paragraph. It is stated that the fuel spill occurred on the west side of the 

AST; however, the spill location is not noted on Figure 2-2. The spill location should be outlined on this 

figure. 

Response: Concur. The spill location will be noted on Figure 2-2. 

,,’ ‘~” 

Comment 2: Page 2-3, First and Second Paragraphs. The first and second paragraphs appear to 

conflict with each other regarding the uses of the surficial aquifer. The first paragraph states that the 

surficial aquifer is the key aquifer of concern in Key West because of its use as a potable water resource 

to a limited extent. The second paragraph states that sutficial aquifer wells are reportedly in use by 

domestic residences on Boca Chica and Key West for nonpotable uses such as flushing water. The uses 

of the surficial aquifer should be clarified, and the location of the nearest sutficial aquifer wells, relative to 

SWMU 9, should be identified in the report. In addition, the first paragraph states that the water table 
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elevation is below mean sea level (msl) in the center of Key West and near the coast. It should be 

verified whether “below” or “above” mean sea level was intended. 

Response: Concur. The text will be clarified with respect to use of the surficial aquifer. 

Comment 3: Page 2-3, Third Paragraph. Historically, groundwater at SWMU 9 has been contaminated 

with volatile organic compounds (VOCs) and SVOCs; however, the recent sampling events to evaluate 

the potential for natural attenuation did not include SVOC analysis. The rationale for not including 

SVOCs should be provided. In addition, the text states that metals were the most widespread soil 

contaminants; however there is no discussion of metals in groundwater. 

Based on the limited information provided, it could not be determined whether there may be certain 

contaminants of concern (CoCs) present that would not be remediated by natural attenuation processes. 

Section 2.2.4 should be expanded to include a more comprehensive discussion of the investigation 

history at the site, and identify the contaminants of concern in each media. Furthermore, Section 5.0 

should clearly identify any CoCs that would not be remediated by natural attenuation processes. 

Response: Refer to the response to Genera/ Comment #4. 

Comment 4: Figure 2-3, Groundwater Flow and Elevations. As noted in the report, the surficial aquifer is 

tidally controlled and fluctuates constantly. Depending upon the magnitude of the tidal influence, it may 

have a significant effect on the groundwater flow direction. During high tides, there may be a reversal in 

flow direction across the site. Therefore, the information provided in Figure 2-3 (which does not identify 

the tidal stage at the time of sampling) has limited use. To accurately present the range of groundwater 

elevations, hydraulic gradients, and the extent of tidal influence across the site, the groundwater 

elevations should be presented at both high tide and low tide. 

In addition, this figure should reference the datum for the groundwater level elevations (e.g., above mean 

sea level). 

Response: Refer to the response to General Comment #5. The influence of tide on groundwater 

elevations was not determined to be critical when Figure 2-3 was developed for the Supplemental RFI/RI 

for NAS Key West High-Priority Sites or when the natural attenuation sampling was performed, 

Comment 5: Figure 2-4, Figure 2-5, and Figure 2-6, 1994, 1995 and 1996 Groundwater Chemical 

Concentrations for Selected COls. These figures present only selected chemicals of interest (COls) at 

this site. Figure 2-5 contains a note which identifies the additional chemicals in excess of the ARARs and 
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Screening Action Levels (but which are not presented on the figure); however, Figures 2-4 and 2-6 do not 

contain such a note. If appropriate, these figures should be edited to include this information. In addition, 

Section 2.3.1 and Table 4-94 are referenced in the figures; however, these references do not corrlespond 

to this report. 

Response: Refer to the response to General Comment #4. Figures 2-4, 2-5, and 2-6 are from the 

Supplemental RFl/l?I Repot? for the NAS Key West High-Priority Sites. The Navy does not believe 

modification of these figures is cost effective or necessary given the additional chemicals were not 

widespread and are no longer detected at the site. However, the figure references will be clarified. 

Comment 6: Page 3-1, Third Paragraph. A groundwater monitoring sentry well was installed at rSWMU 

9; however, based on the complex hydrology of the site, it is not evident that one sentry well is sufficient. 

As noted in Section 2.2.4, “plume movement over time is uncertain due to groundwater gradients that are 

extremely flat, tidally influenced, and frequently radial.” Since the groundwater elevation data presented 

in Figure 2-3 is a snapshot in time based on measurements in very few wells (as clearly stated in the 

note on the figure), the interpreted groundwater flow direction is an oversimplification at best. A better 

understanding of the site hydrology, as impacted by the tides, is necessary and may result in the need for 

additional sentry wells. 

i” 

Response: Refer to Specific Comment Response #4. The statement in Section 2.2.4 is a carryover from 

the Supplemental RF//RI for NAS Key West High-Priority Sites and will be revised. Since that time), three 

additional sampling events have confirmed the plume direction. 

Comment 7: Page 3-2, First Paragraph. Groundwater elevations were measured during both the May 

and November natural attenuation studies; however, only one groundwater elevation figure (Figure 4-2) is 

presented. For each sampling event, a figure should be provided and both the figure and the text .should 

clarify the stage of the tide when the water level measurements were collected. 

Response: Refer to Specific Comment Response #4. However, the text and figures will be expanded to 

include both rounds of groundwater level measurements. 

Comment 8: Page 3-2, Third Paragraph. Copies of the field logs (including groundwater sample forms), 

which provide field data during well purging and prior to sampling, should be included as an appendix to 

this report. This information is needed to conduct various checks on the field data and to evaluate the 

subsequent conclusions based on that data. For example, elevated turbidity in the groundwater sa.mples 

can cause interferences in the Hach@ chemical analyses and impact the ferrous iron and sulfate results’. 

AIK-99-0283 7 c-r0 0007 



8/l l/99 

Response: Concur. Copies of the field logs will be provided. 

Comment 9: Page 3-2, Fifth Paragraph. In addition to the field parameters specified (temperature, pH, 

turbidity, specific conductance, dissolved oxygen, and oxidation-reduction potential), the field parameters 

should have included salinity. Salinity would have provided an indication of the degree of infiltration of 

lagoon water. In addition, the salinity of the lagoon water should have been measured. 

Response: Concur. Salinity values of the groundwater are available for the May 1998 groundwater 

sampling event and will be included in Table 4-l. The salinity for the lagoon was not collected in May or 

November 1998. Previous lagoon salinity values can be found in the Supplemental RF//RI Report for the 

High Priority Sites and the RF//RI Report. 

Comment 10: Page 3-4, First Paragraph. The first sentence of this paragraph states that a pH standard 

was used to calibrate the HoribaB meter for pH, specific conductance, and turbidity. This sentence is 

obviously in error, because the pH standard can not be used to calibrate specific conductance and 

turbidity measurements. The sentence should be corrected. The field notes concerning the calibration of 

the Horiba@ and YSI@ meters should be provided in an appendix to the report. 

Response: The solution for the Horiba@ calibration, as provided by the manufacturer, is specifically 

called a Standard pH Solution. This solution is an auto-calibration solution specifically designed for 

calibration of specific conductance, turbidity, pH, and salinity on the U-10 Water Checker. The DO probe 

automatically calibrates to atmospheric air during the calibration mode. Also, refer to the response to 

Specific Comment #9. 

Comment 11: Page 3-4, Second Paragraph. It is incorrectly stated that the Hach@ Model OX-DT test kit 

can obtain accurate determination of dissolved oxygen (DO) concentrations as low as 0.02 mg/L and as 

high as 10 mg/L. According to Hach@ literature and a confirming phone call with HachB Customer 

Service, the Model OX-DT test kit is a high range DO test kit and is only accurate between 1 mg/L to 10 

mg/L of DO. The text should be corrected. 

Response: Concur. The Hach@ Model OX-DT test kit is the specific test kit recommended for use in 

determining dissolved oxygen concentrations in groundwa ter during natural attenuation studies. Since 

the equipment used is a field digital titrator that uses pre-measured chemical reagents sets, detection limit 

studies have not been performed. Therefore, the precision and accuracy of the kit, at any concentration, 

cannot be defined. The text will be clarified accordingly. 
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Comment 12: Page 3-9, First Paragraph. The second bullet of this paragraph states that fixed-base 

laboratory analyses were performed on samples from 11 monitoring wells for geochemical parameters, 

and Section 3.1.4 is referenced. However, Section 3.1.4 discusses field measurements, not fixed-base 

laboratory analyses. In addition, Table 4-l only presents one set of results, and does not differentiate 

results between the field and a laboratory (as it was done in Table 4-2). Clarify whether fixed-base 

analyses of geochemical parameters were conducted during the May 1998 sampling event, and if so, 

include this information in the report. 

Response: Concur. The text and tables referenced will be clarified. 

Comment 13: Page 3-9, First Paragraph. The fourth bullet of this paragraph indicates that an 

upgradient soil sample was collected and analyzed for total organic carbon (TOC). TOC samples should 

be collected in upgradient or background locations in the stratigraphic horizon(s) where the most 

contaminant transport is expected to occur’. The location and depth of the soil sample collected should 

be provided. 

Response: Concur. The TOC sample was collected in an upgradient (background) location in the 

stratigraphic horizon where the most contaminant transport occurs. This will be clarified in the text. 

Comment 14: Page 3-10, Second Paragraph. The first sentence implies that monitored natural 

attenuation (MNA) has already been selected as the final remedial alternative. Since the purpose of this 

report is to evaluate MNA, this statement is premature and should be reworded. 

Response: Concur. A CMS is currently being performed for this site which will evaluate monitored 

natural attenuation as one of the remedial alternatives. 

Comment 15: Page 3-10, Second Paragraph. The first bullet of this paragraph mentions a small surface 

water pond. The figures in Section 4.0 of the report should be revised to show the location and size of 

this pond. 

Response: Concur. The location and approximate size of this pond will be included. 

Comment 16: Page 3-l 1, First Paragraph. As noted in this paragraph, the sentry well (SSMW-25) was 

installed to a depth of 12 feet. The basis for the selection of the screened interval from 2 ft bgs ‘to 12 ft 

bgs should be provided. Discuss the vertical profile of contamination at the site, the vertical hydraulic 

gradients, whether the screened interval of the sentry well is within the critical flow path, and whether it 
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accurately represents the depth of groundwater that would be expected to discharge to the surface water 

pond and lagoon. 

Response: Concur. Refer the responses to General Questions #2 and #3. The basis for the selection 

of the screened interval from 2 ft bgs to 12 ft bgs will be included in the text. 

Comment 17: Page 4-1, First Paragraph. According to this paragraph, S9MW-12 is the most upgradient 

well. However, the groundwater elevation data on Figure 4-2 indicates that S9MW-12 is not an 

upgradient well as the groundwater elevation in this well (3.27) [units not specified] is lower than the 

majority of the monitoring wells at the site. For the purposes of demonstrating natural attenuation as a 

viable remedial alternative, an appropriate background monitoring well is necessary. 

Response: Figure 4-2 is depicted in feet based on an arbitrary datum. The elevation of any particular 

well alone does not determine its upgradient’downgradient position in a site. Equally important is its 

spatial location with respect to the source area and the groundwater flow direction. For the sake of 

collecting a background groundwater sample for the natural attenuation study, this well was selected 

based on its spatial location with respect to the plume. 

Comment 18: Page 4-2, Second Paragraph. To demonstrate that natural attenuation, it is critical to 

have a valid background monitoring well. Groundwater data is compared to the background well to 

support the occurrence of natural attenuation. It is stated that the background oxygen concentration is 

1 .O mg/L; however, a review of the data in Table 4-2 indicates that the only well with a dissolved oxygen 

concentration was S9MW-13 in November, 1998. ‘Given the proximity of S9MW-13 to the site, and the 

hydrology of the site, it is unlikely that S9MW-13 could be considered a valid background monitoring well. 

Response: Table 4-2 indicates that every well sampled had detectable dissolved oxygen concentrations, 

ranging from 0.53 mg/L to 7.0 mg/L. The report stated that the maximum detected dissolved oxygen 

concentration was 1.0 mg/L, located in monitoring well SSMW- 13. This is presented on Figure 4-4. From 

a geochemical perspective, both SSMW-13 and SSMW- 12 generally reflect background conditions. Also, 

refer to the response to specific comment #7 7. 

Comment 19: Page 4-4, Fourth Paragraph. As stated, the sulfide result of 7 mg/L in SSMW-10 is 

considered an anomalous point because SSMW-10 is a cross-gradient location with respect to 

groundwater flow, with no reported VOC contamination. However, Figures 4-6 and 4-7 show that SSMW- 

10 also has among the highest carbon dioxide and methane concentrations. As shown in Figure 4-2, 

SSMW-10 appears down gradient of the source area. The fact that the groundwater flow directions at 
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SWMU 9 are not well understood may partially explain apparent anomalies. It is critical that groundwater 

flow patterns be clearly identified. 

Response: Refer fo Specific Comment Response #4. The report states several times that the 

geochemical parameters collected from SSMW-10 appear to be anomalous (and have been anomalous 

during both geochemical sampling rounds). The two rounds of sampling indicated that SSMW-70 is not 

impacted by dissolved hydrocarbons. The Navy does not believe fhat groundwater flow directions at 

S WMU 9 explain fhe anomaly. 

Comment 20: Page 4-5, First Paragraph. The sulfide ion concentration discussion in this paragraph 

does not appear to be in agreement with the data provided on Tables 4-l and 4-2. First, a maximum 

detection of 0.8 mg/L in S9RW-2 could not be verified. Second, there is discussion of a May laboratory 

analysis, and “fixed-base” sulfide concentrations; however, Section 3.0 does not discuss the analysis of 

May 1998 geochemistry samples by a fixed-base laboratory. Third, the sulfide data presented in Tables 

4-l and 4-2 do not indicate that sulfide concentrations are significantly increasing in the downgradient 

direction. These discrepancies should be corrected or clarified. 

/” . 

Response: Concur. A total of four separate sulfide analyses were performed during the two sampling 

rounds. For the first round, they included fixed-based laboratory analysis for total sulfides and field 

hydrogen sulfide screening. For the second round, they included mobile laboratory analysis for total 

sulfides, field hydrogen sulfide screening, and field calorimetric analysis for total sulfides. This, along with 

the respective results, will be clarified in the text. 

Comment 21: Page 4-6, Third Paragraph. Since methanogenesis generally occurs after oxygen, nitrate, 

and sulfate have been depleted in the treatment zone’, a discussion is warranted regarding the 

occurrence of methanogenesis in the presence of elevated sulfate concentrations (particularly in SSMW- 

05 and SSMW-10 with methane concentrations of 3245 mg/L and 2840 mg/L, respectively, and sulfate 

concentrations of 5.44 mg/L and 235 mg/L, respectively). 

Response: Theoretically, and under equilibrium conditions, redox zonation will occur at a hydro(carbon 

site following the predicted pattern presented by the reviewer. In reality, where equilibrium conditi,ons do 

nof exist, such perfect zonation rarely occurs. The fact that sulfate is elevated does not in itself preclude 

the presence of mefhanogenic bacteria. At most sites, sulfate is a relatively minor constituent thal would 

degrade to sulfide prior to methanogenesis occurring. At this site, however, sulfate and sulfide are 

elevated site-wide due to biodegradation of natural organic carbon. Therefore, it not believed that the 

presence of sulfate implies that methanogenesis is not occurring. Additional clarifying text can be added 
--. 

to fhe report. 

AIK-99-0283 11 CT0 0007 



8/l 1 I99 

Comment 22: Page 5-5, Third Paragraph. It is stated that the groundwater plume at SWMU 9 appears 

to exhibit both Type 1 and Type 2 behavior. As explained in Section 5.3, vinyl chloride will tend to 

accumulate in the source area or along the downgradient edge of the plume in both Type 1 and Type 2 

behavior. In support of this, analytical data at SWMU 9 shows elevated concentrations of 1,2- 

dichloroethene and the ethene/ethane concentrations indicate that vinyl chloride is not undergoing 

dechlorination at the site (refer to Sections 4.2.11 and 4.2.12). Therefore, it is expected that vinyl chloride 

concentrations would be present in the plume; however, the data presented in the report indicates that 

vinyl chloride has not been detected. This issue requires clarification. 

Response: Concur. Further clarification will be added. 

Comment 23: Page 5-8, Third Paragraph. The sentry well was located 50 feet southeast of S9MW-22 

based on modeling results. The input parameters for the model should be re-checked based on the 

above comments and the model should be re-run as necessary. Also as noted in previous comments, it 

is likely that more than one sentry well is appropriate for SWMU 9 based on the groundwater flow 

patterns. 

Response: The modeling effort assisted in the location of S9MW-25. Suitable site sentry wells may 

include S9MW-21, -22, and -25. These will be evaluated in the CMS. 

Comment 24: Table 5-1, Analytical Parameters and Weighting for Preliminary Natural Attenuation 

Screening. The following comments pertain to Table 5-l : 

The dissolved oxygen concentration at SWMU 9 is listed as 0 mg/L. This should be corrected based on 

the available data. 

The sulfide concentration at SWMU 9 is listed as > 5 mg/L and 3 points were awarded. The November 

1998 laboratory data showed sulfide concentrations ranging from 0.12 mg/L to 0.2 mg/L. The points 

awarded for sulfide concentrations should be re-evaluated. 

Response: Concur. The dissolved oxygen concentration will be revised accordingly. With respect to 

sulfide, refer to the response to Specific Comment #20. 

Comment 25: Page B-l, Fourth Paragraph. Acceptable surface water criteria were chosen as the most 

restrictive ARAFVSAL criteria and four chemicals (cis-1,2-DCE, trans-1,2-DCE, TCE, and benzene) were 
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,” -*. selected for modeling because these chemicals exceeded the groundwater action levels based on 1998 

groundwater sampling data. The text provides insufficient information to evaluate whether this approach 

is acceptable. First, the basis of the ARAWSAL criteria is not provided. Therefore, it is not known 

whether these criteria were developed for human health or ecological exposure, or whether tlhey are 

applicable to surface water. Additional information needs to be provided and evaluated further. 

Response: The ARAR/SAL criteria are based on the current approved ARAR/SAL criteria for NAS Key 

West. The criteria was used during the Supplemental RF/RI for NAS Key West High-Priority Sites when 

the site under went a human health risk assessment and ecological risk assessment. Since 1996 these 

criteria have been updated to address the BRAC activities at NAS Key West. 

,I -17 

Comment 26: Page B-4, Fourth Paragraph. It is stated that groundwater flow is in a north-northeast 

direction toward the lagoon based on the 1998 groundwater contour map, and Figure B-2 is referenced. 

However, Figure B-2 is based on very limited 1996 data, not 1998 data as specified. The groundwater 

elevation and flow figures should be modified to represent the more comprehensive 1998 data sets (both 

May and November presented individually). In addition, since the groundwater levels are tidally 

impacted, the stage of the tide during sampling of the wells must be specified. To accurately present the 

range of groundwater elevations, hydraulic gradients, and the extent of tidal influence across the site, the 

groundwater elevations should be presented at both high tide and low tide. 

Response: Refer to Specific Comment Response #4. In addition, it is not anticipated that the 19,98 data 

will indicate any significant difference in the groundwater flow direction for the site. The text will be 

changed in the model summary to indicate that Figure B-2 was prepared based on 1996 data. 

Comment 27: Page B-4, Fifth Paragraph. Based on the information presented in Table B-2, the average 

aquifer transmissivity value is 9.4 x la2 feet*/minute or 134.8 feet*/day, and not 9.4 x 10T3 feet*/minute or 

13.5 feet2/day, as indicated in this paragraph. This error should be corrected. 

Response: Concur. Based on the transmissivity values presented in Table B-2, the average aquifer 

transmissivity value is 9.4 x 10” fee?/minute or 134.8 fee?/day. Text will be changed in this paragraph. 

Comment 28: Page B-5, First Sentence. It is stated that the thickness of the surficial aquifer is 27 feet. 

This thickness is apparently derived from the geology of the Lower Florida Keys (see Section 2.2.1) and 

does not necessarily reflect the site-specific thickness of the surficial aquifer. Clarify whether the 

investigations at SWMU 9 have confirmed the depth of the surficial aquifer at the site. 
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Response: Based on USGS deep cores in the keys the bottom of the surficial aquifer is found at 900 

feet where the Tamiami and Hawthorn and Tampa Formations act as an aquiclude. Therefore, the 

determination of the surficial aquifer was deemed to be costly and unnecessary during previous 

investigations. The surficial aquifer was sampled to a depth of 25 feet at the site in two deep wells 

SSMW-19D and -200. I,4 -dichlorobenzene was detected in these wells however it was at 

concentrations below the Florida MCL. 

Comment 29: Page B-5, Fifth Sentence. The basis of the hydraulic gradient (0.0016 ft/ft) and the 

effective porosity (0.3) that were used in the seepage velocity calculation should be provided. 

Response: The hydraulic gradient (i) was calculated based on the groundwater table elevations 

measured from the 1996 field event, as presented on Figure 2-3 of SMWU 9 Natural Attenuation Report 

(February 1996). The hydraulic gradient were formulated as follows: 

Hydraulic gradient (i) = (groundwater elevation at well S9MW6 - groundwater elevation at well S9MW14)/ 

distance between these two wells) = (3.62 feet- 3.46 feet) /lOO ft = 0.0016 ft/ft. Note that the calculation 

is conservative since another well S9MW21, approximately 1,400 feet downgradient from well S9MW6, 

also indicates the same groundwater elevation measurement of 3.46 feet. 

A typical porosity value of 0.3 was used for limestone or sandy material. This is based on reference from 

‘Civil Engineering Reference Manuals (Lindeburg, 1989, National Society of Professional Engineers, 5th 

edition), ” and the text book of “Groundwa ter” by Freeze and Cherry. 

Comment 30: Page B-5, Third Paragraph. Assumptions that were made in the Site Conceptual Model 

include a surficial aquifer depth of 27 feet and a general groundwater flow direction of north-northeast. 

See previous Specific Comment numbers 26 and 28 concerning these assumptions. 

Response: The surficial aquifer assumption was a conservative estimate based on the general formation 

and affected aquifer depth. These assumptions are considered valid for the model. 

Comment 31: Page B-6, Third Paragraph. It is stated that the initial soil concentrations under the source 

area were assumed to be the maximum detected concentrations in the soil samples. Clarify the location 

and depth of these soil samples, the date of sample collection, the contaminants detected, and their 

concentrations. 

Response: The few soil contaminant concentrations are discussed in Chapter 9 of the Supplemental 

RFl/RI for NAS Key West High-Priority Sites. 
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Comment 32: Page B-12, Fourth Paragraph. As noted in this paragraph, the groundwater modeling 

accounted for several natural attenuation processes including sorption, dilution, advection, dispersion, 

and chemical/biological decay. The text discussion of the model adequately addresses the solurce or 

derivation of the sorption’ and chemical/biological decay model input parameters. However, the model 

input parameters (as shown on the ECTran model’s input sheets) for dilution, advection, and dispersion 

require an explanation regarding the source or derivation of these values. 

Response: A simple description of dilution, advection, and dispersion is provided on the bottom of Page 

B-6. Attachment B. 1 presents the equations used for the calculation of these processes. 

Comment 33: Table B-l, Summary of Groundwater Fate and Transport Modeling Under Current 

Conditions. Footnote 5 states that the surface water criteria were chosen as the most restrictive 

ARAFVSAL criteria. As stated in a previous comment, it is not known whether these criteria were 

developed for human health or ecological exposure, or whether they are applicable to surface water. 

Additional information needs to be provided and evaluated further. 

Response: The ARAR/SAL criteria are discussed in the Sup&emental RFI/RI for NAS Key West High- 

Priority Sites Appendix C and F and the NAS Key West BRAC Site Inspection WorkPlan. 

Comment 34: Table B-2, Hydraulic Conductivities from the Pumping Test and Slug Test. The following 

comments pertain to Table B-2: 

1. Several of the Well IDS on this table (P-2, P-3, P-4, P-5, and MW-2) have not been previously 

identified in the text or figures of the report. Provide the locations and depth of screened intervals for 

these wells. 

2. Seven hydraulic conductivity values are presented in this table. Five values range between 3.:33 feet 

per day and 9.43 feet per day, and are derived from pump tests. The remaining two values are 0.57 feet 

per day and 0.86 feet per day, and are derived from slug tests. Due to the relatively significant difference 

in values derived from pump tests versus slug tests, and the fact that pump tests are generally more 

representative of the aquifer (as opposed to the immediate area surrounding a well) than slug tests, the 

slug test values should be considered for removal from the geometric mean calculation. Removing the 

two slug test values increases the geometric mean for hydraulic conductivity from 2.70 feet per day to 

4.62 feet per day. 

Response: 1. The depths of the wells are all 11 feet bls and additional data on these wells are available 

in the ABB 1994 Report. 
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2. Generally speaking, pumping tests provide a more accurate representation of spatial hydrogeological 

parameters than slug tests. The data generated from the pumping test will be reviewed for accuracy and 

relevance. If the pumping test data appear to be more appropriate than the slug tests, those values alone 

will be used in the model calculations. 

Comment 35: Table B-3, Partitioning Coefficient and Half-Lives. Footnote 4 of this table states that the 

groundwater Foe values were obtained from the Natural Attenuation Study report dated August 1998. 

The reviewer assumed that the data set provided at the end of Appendix B reflects the data from this 

report. Based on this assumption, the geometric mean of this TOC data was calculated by the reviewer 

to be 10.69 mg/L or ppm, which is equivalent to 0.001%. Expressed as a fraction, the mean would be 

0.00001. 

While the column headings in Table B-3 suggest that the F oc values are presented in % format, the Foe 

for soil is presented as a decimal fraction (0.0720; as a percentage it is 7.2%). Therefore, it would seem 

that the Foe for groundwater would also be presented as a decimal fraction (0.00001); however, it is 

presented as a percentage in the table (0.001%). Therefore, the partitioning coefficients (Kd-saturated 

zone) were incorrectly calculated and should be two orders of magnitude less than the values presented 

in the table. The input parameters for the model should be modified as necessary and the model should 

be re-run. This correction may significantly alter the predicted impacts to the sentry well and pond. 

In addition, the Foe for soil (0.0720) is based on one soil sample, which is an extremely limited 

representation of organic carbon. Also as noted previously, the location and depth of this soil sample are 

not identified in the report. Several total organic carbon concentrations should be obtained from the most 

transmissive zone and averaged. The most transmissive zone generally contains the lowest total organic 

carbon concentrations which provides a conservative prediction of contaminant sorption and retardation’. 

Response: Based on the following explanation, the Navy does not anticipate the need for any changes 

to the Foe values in the model. 

The column headings in Table B-3 corresponding to both F oc values should be presented as a decimal 

fraction. The % signs in column headings in Table B-3 will be deleted. Whether or not the unit of the Foe 

value is expressed in mg/kg or mg/L, the F oc values can always be converted into a dimensionless 

decimal fraction. Note that one liter of water weights 1,000 gram. Hence the soil Foe value remains 

unchanged as 0.0720 in a decimal fraction. Foe for groundwater will also be the same as presented in 

1 AFCEE, 1996, Technical Protocol for Evaluating Natural Attenuation of Chlorinated 
Solvents in Groundwater, Draft - Revision 1. San Antonio, Texas, November. 
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Table B-3. The Foe value for groundwater was determined based on the following two reasons. First, the 

TOC concentrations obtained from the Natural Attenuation Study field activity has shown that the native 

organic carbon is present at sufficient concentrations in the aquifer because organic carbon 

concentrations greater than 20 mg/L in the aquifer indicate a sufficient supply of carbon to act as the 

primary substrate. Second, an Foe value of 0.001 or 0.1% is the lowest acceptable value that can be 

used in the Kd = K,, * Foe model (EPA, 1988, “Superfund Exposure Assessment Manual, I’ EPA/540/i- 

88/001) for calculating the Kd values. Also, a default F oc value of 0.002 or 0.2% (higher than 0.06 1) was 

suggested by EPA. 

; 1 

Although the Foe for soil (0.0720) is based on one soil sample, it is found that using 0.072 for the soil Foe 

has a negligible impact on the current results. This can be explained for three reasons. First, the Foe for 

soil was only applied for the unsaturated zone in the source area. As has been reported by the fie,ld data, 

the soil contaminants for the majority of chemicals are below their detection limits, with the exception that 

on/y minor soil trans-1, 2 DCE concentration (0.01 mg/kg) exists in the source area. Therefore, the Foe 

for soil has no impact on the groundwater concentration at the sentry well or the surface water pond for 

the majority of chemicals. Second, the thickness of the unsaturated soil is very shallow (2 feet) at the 

site; hence very little leachate would be generated from the source area. Third, the minor amount of 

leachate from the source area soil would have little effect on the downgradient groundwater concentration 

since other natural processes including sorption, dilution, dispersion, and decay will further reduce the 

groundwater concentration at the downgradient points. 

Finally, the AFCEE draft guidance document has been replaced by a USEPA document of the same 

name (Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater, 

EPAl6001/%98\128). The SWMU 9 natural attenuation report was prepared in accordance with the Draft 

EPA Region 4 Suggested Practices for Evaluation of a Site for Natural Attenuation of Chlorinated 

Solvents Version 3.0, November 1997. 
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,,---. SUMMARY OF GROUNDWATER MODELING FOR BENZENE, CIS-1,2 DCE, AND TRANS-l,;! DCE 
AT THE JET ENGINE TEST CELL SITE (SWMU 9), NAS KEY WEST 

PURPOSE 

The purpose of this modeling, conducted for Solid Water Management Unit (SWMU) 9 at the Naval Air 
Station (NAS), Key West, Florida, is to determine the time required for downgradient groundwater 
concentrations to remain at or below action levels at the three modeled locations. SWMU 9, the Jet 
Engine Test Cell site associated with Building A-969, is located in the northeastern portion of the Boca 
Chica Airfield (Figure 1). Three chemicals were modeled because their current concentrations exceed the 
groundwater action levels. These chemicals are: benzene, cis-1,2 dichloroethene (cis-1,2 DCE), and 
trans-1,2 dichloroethene (trans-I,2 DCE). Three locations are evaluated: under the source area, 25 feet 
downgradient from the edge of the source, and at the proposed new sentry well location (approximately 50 
feet southeast of well S9MW22). Conservative quantitative estimates of the time at which the 
groundwater concentrations will remain below the action levels at each designated location are obtained. 

ECTran modeling was conducted to provide the necessary estimates to support the evaluations. The 
model and modeling approach used, along with the modeling results, are briefly summarized below. 
Additional details concerning the physical characteristics of the site can be found in Section 3.0 of the 
Supplemental Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) / Remedial 
Investigation (RI) Report (B&RE 1997). For a detailed description regarding the site conceptual model 
and groundwater modeling approach, refer to “Corrective Measures Study Report for Solid Waste 
Management Unit 9 (SWMU 9)” Appendix C, Groundwater Modeling Results, SWMU 9, NAS Key West 
(TtNUS, 1998). 

GROUNDWATER MODEL 

The groundwater modeling was performed using the ECTran model (Chiou, et al., 1993). The EECTran 
model is an analytical contaminant fate and transport model, and is a multi-layer, one-dimensional model 
based on straightforward mass-balances and advection/dispersion analytical equations. 

The groundwater model is implemented on the spreadsheet software Excel 4.0 and Crystal Ball 3.0 and is 
called ECTran (Excel-Crystal Ball Transport). The ECTran model can be used to simulate a variety of 
complex conditions. To date, ECTran and its predecessors have been employed at hazardous waste sites in 
United States Environmental Protection Agency (U.S. EPA) Regions Ill, IV, V, VI, and X to evaluate soil 1 
cleanup goals, estimate cleanup times, and to support baseline risk assessments. It has been used at 
Department of Defense (DOD), Department of Energy (DOE), Naval Air Station, and industrial sites for both 
RCRA and Comprehensive Environmental Response, Compensation, and Liability act (CERCLA) 
applications. 

The ECTran model simulates vertical contaminant transport through the vadose zone and lateral 
groundwater transport with uniform (thickness, concentration, porosity, etc.) layers. The model predicts 
the concentration downgradient of the source at a single point at a specified distance from the exposure 
point. 

GENERAL APPROACH 

,,--=Y 

The computations considered the natural processes affecting contaminant fate and transport in 
groundwater. Naturally occurring mechanisms will reduce contaminant concentrations in groundwater over 
time. The mechanisms/processes affecting chemical fate and transport in groundwater that were 
accounted for during the modeling include sorption, dilution, advection, and dispersion. A site-specific 
contaminant transport model was developed using the general modeling approach presented below: 

l Conceptualization of the hvdroqeoloqic conditions - Based on the soil borings results, oolitic limestone 
was encountered at the surface and was present to the termination of the borings at 13 feet below 



ground surface (bgs). The limestone was consistent in all borings, and no lateral or horizontal 
variations were apparent. As stated in the RI report, the Miami Oolite is 27 feet thick (ABB-ES, 1995). 
The hydrogeologic unit associated with the oolitic limestone is the surficial aquifer. At SWMU 9, the 
typical depth to groundwater is estimated to be approximately 2 feet bgs, which is determined as the 
thickness of the unsaturated zone. The modeled thickness of the saturated layer includes the surficial 
aquifer system and is selected to be 27 feet (Figure 2). The general groundwater flow direction in the 
surficial aquifer is to the north-northeast (Figure 1). Groundwater can travel both horizontally and 
vertically within the saturated zone. The average hydraulic conductivity value was reported to be 4.62 
feet/day. Site-specific physical parameters were defined based on the descriptions of site 
hydrogeologic data provided in Section 3.0 of the Supplemental RFI/RI Report. 

l Definition of the source area and existinq qroundwater and soil concentrations - It is assumed that the 
source area for each contaminant corresponds to a rectangular area. Each contaminant source area 
size was determined based on the locations at which groundwater contaminants were detected. 
Figure 1 and Table 3 present the source area sizes based on the reported November 1998 
groundwater concentrations in the surficial aquifer. 

At SWMU 9, the current maximum detected groundwater concentrations in the source area include 
benzene (18 pg/L), cis-1,2 DCE (280 ug/L), and trans-I ,2 DCE (820 ug/L). Of the three modeled 
chemicals, only trans-I ,2-DCE has detected soil concentrations (maximum detected soil 
concentration of 10 ug/kg) in the source area. 

. Estimation of the acceptable aroundwater concentration - ECTran model simulations were conducted 
to determine the time at which the concentrations of the three selected chemicals will remain below 
the action levels at each of the three modeled locations. 

SITE-SPECIFIC ASSUMPTIONS 

The site-specific assumptions used for the modeling are summarized as follows: 

. 

. 

. 

. 

. 

Initial Soil Concentration 
Initial Groundwater Concentration 

Source Area Size 

Hydraulic Conductivity 
Hydraulic Gradient 
Effective Porosity 
infiltration Rate 
Plume thickness 

Partition Coefficient Kd 

Half life 

trans-I,2 DCE - 10 ug/kg 
benzene - 18 pg/L 
cis-l,2 DCE - 280 pg/L 
trans-l,2 DCE - 820 ug/L 
benzene - 145 feet x 85 feet 
cis-1,2 DCE - 110 feet x 190 feet 
trans-1,2 DCE - 110 feet x 190 feet 
(See Figure 1) 
4.62 feet /day 
0.0016 
0.3 
1 inches/year (based on concrete pad over source area) 
27 feet (Calculated from mixing depth formula, Chiou, et 
al., 1993) 
Site-specific Kd values were estimated for both 
unsaturated zone and the saturated zone (See Table 2). 
(Kd = foe * KOC) 
benzene - 2.0 years 
cis-1,2 DCE - 7.9 years 
trans-1,2 DCE - 7.9 years 
(Howard, 1991) 



_a --\ RESULTS 

Table 1 presents the groundwater modeling results for SWMUS. Tables 2 and 3 summarize the site- 
specific chemical and physical/hydrogeologic parameters. 

Through the natural attenuation processes present at the project site, the times at which the benzene 
concentration will remain below the action level (1 ug/L) at the source, 25 feet downgradient from the 
source, and at the proposed sentry well location were computed as 7.2, 9, and 7.6 years, respectively. 
Natural attenuation processes that were accounted for during groundwater modeling include sorption, 
dilution, advection, dispersion, and chemical/biological decay. ECTran model inputs and outputs are 
presented in Attachment 1. Figures showing groundwater concentration variations with time at these 
three locations are included in Attachment 1. 

The times at which cis-1,2-DCE concentration will remain below the action level (70 ug/L) at the three 
designated locations were estimated as 8.6, 12.1, and 12.6 years, respectively. The cis-1,2-DCE 
concentration variations with time at these three locations are included in Attachment 1. 

The modeling results for trans-I,2 DCE indicate that the times at which trans-1,2 DCE will remain below 
the action level (100 ug/L) at the three designated locations are approximately 14, 16, and 18 years, 
respectively. As summarized in Table 1, current maximum detected soil concentration under the source 
area (near well SSMWl5) is 10 pg/kg, and the detected maximum groundwater concentration in the 
source is 820 Is/L. Based on the modeling results, the low trans-I,2 DCE concentration present in soils 
has the effect of slightly increasing the extent of plume migration. It will also increase the time taken for 
this chemical to drop in concentration to below the action level at the proposed sentry well. The trans 1,2- 
DCE concentration variations with time at these three locations are presented in Attachment 1. 

,f--. 
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FIGURE 1 SITE MAP, GROUNDWATER FLOW DIREiCTiONsAND SQURCE AREAS (SWUM 9, AS KEY WEST) 
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TABLE 1 

Chemical 
of 

Concern 

Cis-1,2-Dichloroethene 

Trans-1,2-Dichloroethene 

Notes: 

Max. Detected Soil Max. Detected Groundwater Groundwater Time to Action Level 
Concentration Concentration Action Concentration 

in Source Area(‘) in Source Area’*’ Level Under Source 

tug/kg) hm-) oJ!m (years) 

0 18 1 (3) 7.2 

0 

10 

SUMMARY OF GROUNDWATER FATE AND TRANSPORT MODELING UNDER CURRENT CONDITIONS 
SWUM 9 CORRECTIVE MEASURE STUDY 

NAVAL AIR STATION, KEY WEST, FLORIDA 

Time to Action Leve 
Concentration 

at 25 feet 
Downgradient from 

the source 

(years) 

9 

280 

820 

70 C4) 

100 C4’ 

8.6 

14 

12.1 

16 

Time to Action Level 
Concentration at 

7.6 

------I 12.6 

18 
I 

(1) Maximum detected concentrations in surface and subsurface soils were based on the Supplemental investigation and RI Report (Table 4-91, B&R, July 1997) 

(2) Maximum detected groundwater concentrations were the most current data based on November 1998 groundwater sampling data (TtNUS, Nov 1998). 

(3) Florida Maximum Contaminant Levels (FL MCL) 

(4) Safe Drinking Water Act Maximum.Contaminant Levels (MCL). 

(5) The proposed new sentry well is located at approximately 50 feet southeast of the existing well S9MW22. 



TABLE 2 
PARTITIONING COEFFICIENT AND HALF-LIVES 

SWMU 9 CORRECTIVE MEASURE STUDY 
NAVAL AIR STATION, KEY WEST, FLORIDA 

Chemicals 

of 

Concern 

Zis-1,2-Dichloroethene 

Trans-1,2-Dichloroethene 

3enzene 

Organic Carbon/ Soil Partitioning Groundwater Partitioning 

Water Partitioning Organic Carbon Coefficient’3’ Organic Carbon Coefficient(3) 

Coefficient”’ Content’*’ 
Half-Life”’ 

(unsaturated zone) Content’4’ (saturated zone) 

KOC FOC Kd . FOC Kd 

U-M) U-W Wg) Wars) 

49 0.0720 3.53 0.0010 0.05 7.9 

59 0.0720 4.25 0.0010 0.06 7.9 

83 0.0720 5.98 0.0010 0.08 2.0 

(1) The KOC was imported from U.S. EPA document “Manual- Groundwater and Leachate Treatment Systems” (EPA/625/R-941005). 
(2) The soil FOC value used in this evaluation was based on 72,000 mg/kg (or 7.2 %) TOC concentrations from one 

groundwater samples (SSMW-10) result collected in May1 998 (TtNUS, Aug 1998). 
(3) Kd = FOC x KOC, U.S. EPA, December 1996, Soil Screening Guidance Users Guide. 

, 

(4) The groundwater FOC values were based on results from Natural Attenuation Study (TtNUS, Aug 1998). A geometric mean foe value was used 
for modeling. 

(5) Half-lives were taken from literature values (Howard 1991) 
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Chemical 
of 

Concern 

I Cis-1,2-Dichloroethene 

Trans-1,2-Dichloroethene 

Benzene 

TABLE 3 

SUMMARY OF PHYSICAL AND GEOLOGIC PARAMETERS 

SWMU 9 CORRECTIVE MEASURE STUDY 

NAVAL AIR STATION, KEY WEST, FLORIDA 

Source Area(‘) 

Length Width 

(fit) 03 

110 190 

110 190 

145 85 

Shallow Unsaturated Hydraulic 

Aquifer Zone Conductivity’4’ 

Thickness”’ Thickness (3) K 

vu m WW 

Mixing 

Depth”’ 

(fu 

27 

27 

2 

2 

4.62 27 

4.62 27 

27 2 4.62 27 

(1) Source area size was based on the reported 1998 groundwater concentrations in the surficial aquifer (Figures B-4, and TtNUS, August 1998) 

(2) Shallow surficial aquifer thickness is based on the RFllRl (B&R, July 1997). 

(3) The unsaturated zone thickness is based on the water table elevations presented in the RFllRl (B&R, July 1997). 

(4) A geometric mean K value from pumping tests in the surficial aquifer was selected for modeling (Table B-2). 

(5) The mixing depth was calculated based on equations presented in the reference for ECTran model (Chiou et al, 1993). 

(6) Measured from the edge of the source area to the surface water pond (Figure 1). 

(7) Measured from the edge of the source area to the new sentry well (Figure 1). 

Distance to 

New Sentry Well(7) 

(fv 

45 

45 

45 



ATTACHMENT 1 

GROUNDWATER MODELING RESULTS - INPUTS AND OUTPUTS 



BENZENE 



‘Tran Version 2.0 for Excel 4.0 & 5.0 

BROWN & ROOT ENVIRONMENTAL 
lpyright 1997 

L-E: SWMW 9, NAS.Key West INVESTIGATOR: LK DATE: 5lbl99 

NO 

~N-TAMrNAhT ERS: Under source. n: Fenceliie LNPUT SOLID-PHASE CONCENTRATION (MGIKG) O.OOOE+00 

ATER CRlTEF&A (UGIL): NO 

LF-LIFE (YRS). TRY NEW GOAL O.COE+oo 

DECREASE 

aTION 

LNFlLT(FT/YR): 8.30E-02 

(UKG): 5.89E+‘JO 

LENGTH (Ff): 145 

85 

PLETING SOURCE: 

IS THERE A CLAY LlNJ3R LAYER (YE&NO)? “0 

WASTE CHARACTERISTICS: 

INITIAL SOLID-PHASE CONCENTRATION (MG/KG): O.OOEtOO THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

INPUT FOLLOWING PARAMETERS: HOW MANY SUBLAYERS (I- IO)? 3 

THICKNESS (F-f): TOTAL THICKNESS (UPTO 30 F-f) (PT): 10 

SATURATION RATE: SATURATION RATE: 0.95 

POROSITY: POROSITY: 0.2 

BULK DENSITY (WCM”3) BULK DENSlTY (GICMY): 1.78 

I .oOE-05 

I’HRRR A TYPE 1 LAYER (Y’QNO)? IS THERE A TYPE 2 LAYER (YES,NO)? NO 

CULATlON 

‘W MANY SUBLAYERS (1 - IO)? HOW MANY SUBLAYERS (I- lo)? 5 

TAL THICKNESS (UP TO 30 FT) (FT): Z.ZOE+Ol TOTAL THICKNESS (UP TO 30 FT) (Ff): 20 

0.13 

0.3 

1.5 

1 .OOE-05 

0 

IWRATEDLAYER 

PAL SATURATED ZONE THICKNESS, B (FT): 27 VERTICAL SEEPAGE VELGCD-Y. Vzo (FDYR): 4.48 

‘RIZONTAL SEEPAGE VELOCITY. V (FDYR): 8.99 DOWNGRADIENT AREA INFILTRATION RATE, 9 (P-DYR) 0 

(UK). 8.13E-02 SPECIFY MIXING DBPTH (Computed from formula if input NO) no 

ROSITY: 0.3 MIXING DEPTH. H (FT): 27.0 

RTICAL DISPERSIVITY. AZ (F,‘): 0.14 TIME OF PUMPING STOP, P&T (YEARS): 0 

NGDXJDINAL DISPERSIVITY. Ax 0: 2.5 AGE (YRS): 0 

TERAL DISPERSIVITY. Ay (FT): 0.8 CONC. IN UPGRADIENT GROUNDWATBRCU2 (UGR) 0 

TIAL CONC. (u@J: 1.8OOE+01 DISTANCE TO Fence.Line.: A ) z s’ 25 

EDICTED IMPACTS: TIME OF MAXIMUM (YR) 

SATURATED LAYER CONCENTRATION: t.gOE+Ol (UGtL) 0 

FENCE LINE CONCENTRATION: 3.17E+OO WG/L) 3.6 



1 Version 2.0 for Excel 4.0 & 5.0 BROWN % ROOT ENVIRONMENTAL 

:opyright 1997 SCREENING-LEVEL EXCEL-CRYSTAL iALL TRANSPORT (BCTm,,) MODEL 

ITE: 

NVESTIGATOR: 

IATEZ 

sw;‘K=y Wes’ ~1 

SATURATED LAYER 

VFLT IFTIYR): 0.083 B t”-,: 27 vzo (Fr/YR): 4.41 

ENGTH p-l-,: 145 GW Q3 (“DAY): 5.6QE+O2 

msTH (F-T,: 85 Kd (UKG): 8.13E-02 GW V. (FTIYR): 8.99 Kd (L/KG): 0081: 

OROSITY 2: 03 SATURATION: 1.00 H W-J: 27.cccQ RETARDATION: 1.406! 

OROSITY SAT. LAYER: 03 THICKNESS (FTJ: 27.00 ET. POROSfTY: 0.30 q (FT,YR, : ( 

ENSITY 2 (GICMJ): 1.5 DECAY (l/DAY): 9.508-04 DISPERSIVITY: DECAY (Iha): 3SE-01 

ENSKY GMA (GiCM3): I .50 CBo (PPB): l.SOE+Ol A2w-r 0.14 

CUZ (PPB): o.coE+oo An (F-TX 2.50 P&T (YEARS): ( 

LGE (YEARS): 0 QI (UDAY): 7.94E+ol QZ (IDAY): 4.808+02 Ay cm: 0.83 DISTANCE TO F.L. (m: 2: 

TIME INTERVAL NRS) 1.8 SOURCE AREA CONC.(GMA) FENCE LINE CONC. 

?LAPSED TIME YRS LAYER Z(PPB) WC FJGkL, 

0 0.00E+00 1.80E+O1 O.OOE+OO 

1.8 o.coE+oo 8.79E+CQ 4.24B-01 

3 6 O.COE+OO 4.3OE+W 3 17E+OO 

5.4 O.cm+oo 2. lOE+@l 3.07E+M) 

7.2 O.M)E+oa 1.03B+oa 1.87E+00 

9 0.00E+00 5.01E.01 9.90E-01 

10.8 O.OOE+@J 2.4.5E.01 4 97E-01 

12.6 0.00EcMl 1.20E.01 2.4.5E.01 

14.4 O.COE+00 5.84E.02 l.ZOE-01 

16.2 O.OOE+oO 2.8%.02 5.88B.02 

18 O.OOE+00 1.39E-02 2.88E.02 

19.8 O.oOE+oO 6.81E.03 1.4lE.02 

21.6 O.OOE+oO 3.33E.03 6.87E.03 

23.4 O.COE+oO 1.63E.03 3.35E.03 

25.2 O.OOE+oO 7.94E.04 1.64E-03 

27 O.OOE+M) 3.88&04 8.01E-04 

28.8 O.OOE+00 1.90E.04 3.91&04 

30.6 O.OOE+OO 9.26505 1.9n.s04 

32.4 O.COE+oO 4.52&05 9.34E.05 

34.2 0.00Ec00 2.21E.05 4.56E.05 

36 O.COE+OO l.O8E-05 ?.23B-05 

37.8 O.GOE+CO 5.28E-06 l.O9E-05 

39.6 O.M)E+OO 2.588-06 5.32B06 

41.4 O.OOE+OO 1.268-06 2.60&06 

43.2 O.OOE+oo 6.15E-07 1.278-06 

4.5 0.00E+00 3.01E-07 6.2OE-07 

46.8 O.OOE+CQ 1.478-07 3.038-07 

48.6 O.WE+OO 7.17E.08 1.48%07 

50.4 O.M)E+CCI 3.518-08 7.238-08 

52.2 O.COE+@l 1.7lE-08 3.538-08 

54 O.CUIE+M) 8.37E-09 1.738-08 

55.8 O.@lE+OO 4.09~~09 8.438-09 

57.6 o.cm+M) 2.COE-09 4.128-09 

59.4 O.CKlE+M) 9.75E-10 Z.OlE-09 

6 I .2 O.C!OE+00 4.77E-10 9.838-10 

63 O.CKIE+@l 2.33E.10 4.80E.10 

64 8 O.COE+OO 1.14E.10 2.3SE.IO 

66.6 O.oOE+OO 556E.11 l.l5E-IO 

68.4 O.OOE+OO 2.7lE-11 5.6OE-I1 

70.2 O.OOE+M) 1.33E-11 2.748-11 

72 O.oOEm 6.48E.12 1.34E-11 

73.8 O.C0E+oO 3.17E-32 6.538-12 

75.6 O.oOE+M) 1.55E-12 3.198-12 

77.4 O.oOE+CO 7.568-13 1.56E-12 

79.2 O.oOE+CO 3.69E-33 7.618-13 

81 O.C0E+oO 1.80E-13 3.75E-13 

82.8 O.oOE+CC 8.8lE-14 l.SOE-13 

84.6 O.KE+W 4.30E-14 8.9lE-14 

86.4 O.oOE+OO Z.lOE-14 4.45E.14 

88.2 O.oOE+OC l.O3E-14 2.12E-14 

90 O.COE+OO 5.02E.15 l.O6E-14 

MAXIMUM: O.OOE+CXl l.SOE+Ol 3.17E+00 



TIME TO ACTION LEVEL CONCENTRATION 
IN AQUIFER BENEATH THE SOURCE AREA 

BENZENE 

2.00E+Ol 

T 
1*80E+Ol 4 

1.60E+Ol 

s 1.40E+Ol 
3 

21 1.20E+Ol 

5 
2 l.OOE+Ol 

5 8.00E+OO 

0 6*00E+OO 

TIME (YEAR) 



TIME TO ACTION LEVEL CONCENTRATION AT 25 FEET 
BENZENE 

3.50E+007 

3,00E+OO 

2 2.50E+OO 

s 

; 2,00E+OO 

z 

5 1.50E+OO 

8 

5 0 l.OOE+OO 

!iOOE-01 

O.OOE+OO 

0 18 36 54 72 90 

TIME (YEAR) 



CTm Version LO for Excel 4.0 & 5.0 

BROWN & ROOT ENVIRONMENTAL 
opyright 1997 

[TE: SWMU 9, NAS,Key West INVESTIGATOR: LK DATE: S/6/99 

NO 

3hT4MINM RS: Under source. FL: Fenceline INPUT SOLID-PHASE CONCENTRATION (MG/KG) 0.000E+00 

R CRITERIA (IJGJL): NO 

ALF-LIFE (YRS): TRY N-EW GOAL: O.CGE+00 

DECREASE 

MATION 

Z: INFlLT(FTNR): 8.306-02 

I (L/KG): 5.898+00 

LENGTH (I-T): 145 

85 

EPLETING SOURCE: 

IS THERE A CLAY LINER LAYER (YE&NO)? na 

WASTE CHARACTBRISTICS: 

INITIAL SOLID-PHASE CONCENTRATlON (MG/KG): O.C0E+DS THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

INPUT FOLLOWING PARAMETERS: HOW MANY SUBLAYERS (I- IO)? 3 

THlCKNESS (F-f): TOTAL THICKNESS OJP TO 30 IT) (W): 10 

SATURATION RAm SATURATION RATE: 0.95 

POROSITY~ POROSITY: 0.2 

BULK DENSITY (GICM”3) BULK DENSITY (GICM”3): 1.78 

l.OE-05 

i THERE A TYPE 1 LAYER (YESNO)? IS THRRF. A TYPE 2 LAYER (YESNO)? NO 

CULATION 

OW MANY SUBLAYERS (1. IO)? HOW MANY SUBLAYERS (1 - IO)? 5 

OTAL THICKNESS (UP TO 30 Ff) (PT,: Z.ZOE+OI TOTAL THICKNESS (UP TO 30 (Ff): 20 

4T”RATION RATE 0.13 

3ROSlTY: 0.3 

IJLK DENSITY (G/CM&S) I.5 

I.ooE-05 

0 

ATURATED LAYER 

OTAL SATURATED ZONE THICKNESS, B f,Ff): 27 VERTICAL SEEPAGE VELOCITY, Vzo (FDYR): 4.48 

ORIZONTAL SEEPAGE VELOCITY, V (FDYR): 8.99 DOWNGRADIENT AREA INFILTRATION RATE, 9 (FDYR) 0 

d (L/KG): 8.13E.02 SPECIFY MlXING DEPTH (Computed from fonmda if input NO) no 

OROSITY: 0.3 MIXING DEPTH, H (IT): 27.0 

ERTICAL DISPERSIVHY. Az 0-T): 0.14 TIME OF PUMPING STOP, P&T (YEARS): 0 

ONGITUDlNAL DISPERSIVITY. AX (Fl): 4.5 AGE (YRS): 0 

ATERAL DISPERSIVITY, Ay (=I-,: 1.5 CONC. IN UPGRADIENT GROUNDWATERCUZ (UG/L) 0 

glTIAL CONC. (US/L): 1.800E+ol DISTANCETOFencc.Line.: ,& S&v we[\ 45 
i 

REDICTED IMPACTS: TIME OF MAXIMUM (YR) 

SATURATED LAYER CONCENTRATION: 1.80E+lI (UG/L) 0 

FENCE LINE CONCENTRATION: 1.16Ei.00 (UG/L) 1.2 



3 Version 210 for ExceI 4.0 & 5.0 BROWN&ROOT EhWRONMWTAL 

:opytight 1597 SCREENING-LEVEL EXCEL-CRYSTAL BALL TRANSPORT (ECTran) MODEL 

ITE: 

YVESTICATOR: 

IATE: 

s;‘Kcy Wcn ~1 

SATURATED LAYER 

WILT Fr/YR, 0.083 B (F-D: 27 “LO FDYR,: 4.4 

ENGI-H (F-l’,: 145 GW Q3 @DAY!: 5.6BE+O2 

l1Dl-H (F-F;. 85 Kd (IA-CC): 8.13EO2 GW V. (FDYR~: 8.99 Kd (UKGJ: 0.081 

OROSllY 2: 0.3 SATURATION: 1.00 H(FI?: 27.woo RETARDATION: 1.406. 

OROSITY SAT. LAYER: 0.3 THICKNESS o=rx 27.00 EFF. POROSITY: 0.30 q (FTPIR, : 

ENSITY 2 (G/CM3): 1.5 DECAY (I/DAY): 9.5OE-04 DISPERSIVF,,‘: DECAY(INR): 3.5E-0 

ENSITY GM.4 rGrCM3,: 1.50 CBo (PFB): 1.80&01 AZ c=n 0.14 

CU2 (PPB)- o.ooE+w An (IT): 4.50 P&T (YEARS): , 

ICE (YEARS): 0 QI WDAY~: 7.94E+Ol Q2 IllDAn 4.8OE+B2 Ay iFn: I .50 DISTANCE TO FL. (F-l-, 4 

I’lME INTERVAL (YRS) 1.8 SOURCE AREA CONC.(GMA) FENCE LINE CONC. 

:LAPSED TIME YRS LAYER I(PPB, ruc2u wcm 

0 o.cm+oo 1.8OE+ol O.BQE+oO 

1.8 O.oOE+OO 8.798+00 5.46E-03 

3.6 O.ooE+W 4.30E+OO 4.46E-01 

5.4 o.cQE+oil Z.lOE+C@ 1.14Ec00 

7.2 O.@JE+OO l.O3E+CO 1.16E+CO 

9 o.mE+oo 5.01E.01 8.24E.01 

IO.8 O.oOE+OO 2.45E-01 4.95E.01 

12.6 O.IXIE+CXl 1.20EOI 2.72E.01 

14.4 0.00E+CXl 5.84B02 1.42E-01 

16.2 O.COE+OO 2.85B02 7.24E02 

18 O.OOE+oO 1.398-02 3.62E-02 

19.8 O.C0E+oO 6.81B03 1.79E-02 

21.6 O.@lE+@J 3.338-03 8.828-03 

23.4 0.00E+00 1.638-03 4.336-03 

25.2 O.OOE+C0 7.948-04 2.12E-03 

27 O.CflE+CY3 3.888-04 1.04E.03 

28.8 O.OOE+CO 1.90E-04 5.088~04 

30.6 O.CKlE+CO 9.26E-05 2.488-04 

32.4 O.COE+00 4.52E-05 1.2lE.04 

34.2 O.CUlE+O3 2.2lE-05 5.92E-05 

36 O.OCE+CB I.O8E-05 2.898-05 

37.8 OOOE+OO 5.28E-06 1.41E05 

39.6 O.oOE+W 2.58E.06 6.918-06 

41.4 o.ooE+oo 1.26E-C-5 3.388-06 

43.2 O.COE+M) 6. ISE-07 1.658-06 

45 0.00E+oil 3.01E.07 8.066-07 

4.58 O.COE+OO 1.47E-07 3.94,s07 

48.6 O.oOE+oO 7.17E.08 1.92B.07 

50.4 O.oOE+oO 3.5lE.08 9.4OE-08 

52.2 O.OOE+W 1.7lE-08 4.59508 

54 O.OOE+OO 8.378-m 2.24E-08 

55.8 O.OOE+oO 4.098-09 I. IOE-08 

57.6 O.COE+oO 2.OBE.09 5.35&09 

59.4 o.wE+w 9.758-10 2.61&09 

61.2 O.CGE+@J 4.778-10 1.28E-09 

63 O.COEt@J 2.338-10 6.248-10 

64.8 O.CBE+00 l.I4E-10 3.05E-10 

66.6 O.COE+OO 5.568-l 1 1.49E.10 

68.4 O.OOE+oo 2.71E-11 7.288-l 1 

70.2 O.OOE+03 1.33E.II 3.568-11 

72 O.CGE+M) 6.488-12 1.74E.11 

73.8 OCOE+00 3.178-12 8.49512 

75.6 O.OBE+00 3.558.12 4.148-12 

77.4 O.oOE+oO 7.568-13 2.03E12 

79.2 O.COE+M) 3.69E-13 9.91E.13 

81 O.oOE+CO 1.80E-13 4.828-13 

82.8 O.oOE+Cdl 8.8lE-14 2.378-13 

84.6 O.oOE+M) 4.3OE.14 1.15E.13 

86.4 O.oOE+W 2.lOE.14 5.518-14 

88.2 O.CQE+OO I.O3E-14 2.80E14 

90 O.oOE+M) 5.02E- 15 1.49E-14 

MAXIMUM: O.oOE+OO 1.8OE+Ol 1.16E+00 



1.40E+OO 
T 

1.20E+OO 

l.OOE+OO 

4.00E-01 

2.00E-01 

O.OOE+OO 

TIME TO ACTION LEVEL CONCENTRATION 
AT PROPOSED SENTRY WELL 

BENZENE 

0 
7.b 

18 36 54 72 90 

TIME (YEAR) 



CIS-1,2 DICHLOROETHENE 



CTran Version 20 for Excel 4.0 & 5.0 

BROWN & ROOT ENVIRONMENTAL 
lopyright 1997 

ITE: SWMU 9, NAS,Key West INVESTIGATOR: LK DATE: S/7/99 

NO 

ONTAMINANT as-1.2.Dlchloroethene ERS: Under source, n: Fencelme INPUT SOLID-PHASE CONCENTRATION (MWKG) O.@OE&J 

ATER CRITERIA (UGIL) NO 

ALF-LIFE (YRS): TRY NEW GOAL: O.OOE+@Zl 

DECREASE 

MATION 

e: INFlLT(Fr/YR): 8.30E.02 

I (IJKG). 3.53E+oa 

LENGTH 0: 110 

190 

EPLETING SOURCE: 

IS THERE A CLAY LINER LAYER (YES,KO)? no 

WASTE CHARACTERISTICS: 

INITIAL SOLID-PHASE CONCENTRATION (MGIKG): O.oOE+LM THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

INPUT FOLLOWING PARAMETERS: HOW MANY SUBLAYERS (I - IO)? 3 

THlcKNEss (Fr): TOTAL THICKNESS (UP TO 30 FT) (F-l’): 10 

SATURATION RATE: SATURATION RATE: 0.95 

POROSITY: POROSITY: 0.2 

BULK DENSITY (G/CM”3) BULK DFNSlTY (G/CM4): I.78 

l.M)E-05 

i THERE A TYPE 1 LAYER (YE&NO)? IS THERE A TYPE 2 LAYER (yES,NO)? NO 

CULATION 

OW MANY SUBLAYERS (1. IO)? HOW MANY SUBLAYERS (I - IO)? 5 

DTAL THICKNESS (UP TO 30 F-f) (FTx Z.ZOE+Ol TOTAL THICKNESS (UP TO 30 I=l-) (F-f): 20 

4TURATION RATE: SATURATION RATE: 0.13 

0.3 

1.5 

l.WE-05 

0 

4TURATEDLAYER 

DTAL SATURATED ZONE THICKNESS, B (I=l-j: 27 VERTICAL SEEPAGE VELOCITY, Vzo (FDYR): 4.48 

ORIZONTAL SEEPAGE VELOCITY. V (FUYR): 8.99 DOWNGRADIENT AREA INFILTRATION RATE, 9 (FDYR) 0 

d (UKG). 4.EOE-02 SPECIFY MIXING DEPTH (Computed from formula if input NO) no 

3ROSITY. 0.3 MIXING DEFTH. H (F-T): 27.0 

ERTICAL DISPERSIVITY. AZ (IT): 0.14 TIME OF PU,MPING STOP, P&T (YEARS): 0 

DNGITUDNAI. DISPERSIVDY, Ax (FT): 2.5 AGE (YRS): 0 

ATERAL DISPERSIVITY, Ay (F-f): 0.8 CONC. IN UPGRADIENT GROUNDWATER.CUZ (UGIL) 0 

JITIAL CONC. (q/L): Z.SOOE+O? DISTANCE TO Fence.Line.. b + 25’ 25 

REDICTED IMPACTS: TIME OF MAXIMUM (YR) 

SATURATED LAYER CONCENTRATION: 2.80B+O2 (UGIL) 0 

FENCE LINE CONCENTRATION: 1.49E+O2 (UGL) 5.4 



krsicJ" 210 for Excel 4.0 & 5.0 BROWN&ROOT ENVIRONMENTAL 

opyright 1997 SCREENING-LEVEL EXCEL-CRYSTAL BALL TRANSPORT WCTum) MODEL 

:TE: 

IVESTIGATOR: 

ATE 

=y WCst ,.-;.1-. 

SATURATED LAYER 

FILT IFrfYR,: 0.083 B WI: 27 v20 ,Fr/YR>, 4.41 

3NGTH tFT1. 110 GW Q3 (L'DAYi. l.?lE+03 

u7l-H E-l-): 190 Kd (UKG): 4.808-02 GW v. (Fr/YRI: 8.99 Kd , UKG 1: 0.0480: 

,ROSITY 2: 0.3 SATuR*TlO*: 1.al H (F-T): 27.m RBTARDATION: I .2401 

1ROSH-Y SAT. LAYER: 0.3 THICKNESS (F-T,: 27.00 EFF. POROSITY: 0.30 q (FfmR) : c 

ENSITY 2 WCM3): 1.5 DECAY (I/DAY): 2.408-04 DISPERSIVITY: DECAY (INK): 8 8E-0; 

ENSTY GMA (GCM31: 1 so CBo (PPB): 2.80&02 AzFn: 0.14 

C"2 (PPB): O.COE+CO Ax (F-I-V 2.50 P&T (YEARS ,: c 

GE (YEARS): 0 QI (L/DAY): 1.3SE+o2 QZ G'DAY): ,.07is+o3 AY (Fo: 0.83 DISTANCE TO F.L. fP,J: 21 

IME fNTER"AL(YRS) I.8 SOURCE AREA CONC.(GMA) FENCE LfNE CONC. 

LAPSED TIME YitS LAYER Z(PPB) (UGC WGAJ 

0 O.ooE+oa 2.8OE+O2 0. COE+oO 

1.8 O.OOE+00 2mE+o2 1.73E+Ol 

3.6 O.OOE+oO 156E+O2 I. 19E+02 

5.4 O.ooE+ctQ 1.17E+O2 1.493+02 

7.2 0.ooE+oo 8.746+01 1.30E+02 

9 o.coE+oa 6.53E+Ol l.O2E+02 

10.8 O.CE+CXl 4.888+01 7.76B+Ol 

12.6 O.M?E+@l 3.658+01 5.83B+Ol 

14.4 o.cm+co 2.73!3+01 4.36E+O 1 

16.2 O.COE+oO 2.c4ECOl 3.26B+Ol 

18 O.OOE+OO 1.52E+Ol 2.44E+Ol 

19.8 O.OOE+oO l.l4E+OI 1.82E+OI 

21.6 O.OOE+CO 8SlE+00 1.36E+OI 

23.4 O.OOE+MJ 6.36E+oO l.O2E+Ol 

25.2 O.OOE+oO 4.7%+00 7.61E+CUI 

27 O.OOE+W 3.558+00 5.69E+OC 

28.8 O.OOE+W ?.66E+00 4.25E+Otl 

30.6 0.00E+00 1.98E+C0 3.18E+00 

32.4 O.WE+Dl 1.48E+OO 2.37E+Ofl 

34.2 O.OCfE+00 I.llEdM 1.77E+00 

36 O.COE+Dl 8.298-01 1.33Ec00 

37.8 O.OOE+W 6.19E-01 9.9lE.01 

39.6 O.OOE+CC 4.638-01 7.4lE-01 

41.4 o.ooEc00 3.46B-01 5.548-01 

43.2 O.oOE+Cfl 2.59E-01 4.14E-01 

45 O.OOE+oO 1.93E-01 3.09E.01 

46.8 O.oOE+fM 1.4‘S01 2.31E.01 

48.6 O.oOE+CKl l.OBE-01 1.73E.01 

50.4 O.oOE+@l 8.07E.02 1.29!301 

52.2 O.OOE+M) 6.03B-02 9.65E.02 

54 O.OOE+CG 4.51E-02 7.21E-02 

55.8 O.CHJE+Kl 3.37E.02 5.39E-02 

57.6 O.oOE+Ml 2.52E-02 4.03E.02 

59.4 o.cQE,+oo 1.88E-02 3.01E.02 

61.2 O.COE+OO 1.41E-02 2.25E.02 

63 O.COE+OO l.OSE-02 1.68B-02 

64.8 O.CQE+OO 7.86E-03 1.26E-02 

66.6 O.COE+M) 5 88E-03 9.4OE-03 

68.4 O.COE+00 4.39&03 7.03E-03 

70.2 O.OOE+M) 3.28B.03 S.25&03 

72 O.COE+Wl 2.45E.03 3.93B03 

73.8 O.OOE+CO 1.83E-03 2.93B-03 

75.6 O.OOE+CtG 1.37E.03 2.19E-03 

77.4 0.ooE+oo I.02503 1.64B03 

79.2 O.OOE+CKl 7.66E-04 1.22E-03 

81 O.OOE+00 5.72E-04 9.16E.04 

82.8 O.OOE+CKl 4.28E-04 6.848-04 

84.6 O.OOE+CG 3.2OE-04 5.11E-04 

86.4 O.WE+CKl 2.39E-04 3.82E-04 

88.2 O.OOE+CO 1.79E-04 2.86~.04 

90 O.COE+@l 1.33E-04 2.14B-04 

MAXIMUM: O.M)E+CKl 2.8OE+O2 1.49EcO2 



TIME TO ACTION LEVEL CONCENTRATION 
IN AQUIFER BENEATH THE SOURCE AREA 

CIS- 1,2-DCE 

3,00E+02 
T 

5,00E+Ol -~ 

TIME (YEAR) 
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S
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O
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03 



rrvl Version 2.0 for Excel 4.0 & 5.0 

BROWN & ROOT ENVIRONMENTAL 
pyright 1997 

‘E: SWMU 9, N.&Key West INVESTIGATOR: LK DATE: 5/-T/99 

SURE Wwr: (UNDER% FL) NO 

MrAMmANT: cis-1.2.Dichloroelhene ERS: “u&r source, R: Fenceliie lNPWI SOLID-PHASE CONCENTRATION (MG.‘KG) 0 000E+IXI 

ATER CRITERIA (UG/L,: CONSTANT CONCENTRATION (YES.NO)” NO 

LF-LIIE (YRS): TRY NEW GOAL: 0.00E+Kl 

DECREASE 

MATION 

INFILT(FDYR): 8.30E.02 

IJKG): 3.53E+ca 

LENGTH (FI’): 110 

190 

PLETING SOURCE 

IS THERE A CLAY LINER LAYER (YES,NO)? “Cl 

WASTE CHARACTERISRCS: 

INlTIAL SOLID-PHASE CONCENTRATION (MG/KG): O.OOEtOO TIE FOLLOWING DATA ARE NOT USED lN THIS CAICULATION 

INPUT FOLLOWING PARAMETERS: HOW MANY SUBLAYERS (I- lo)? 3 

THICKNESS (F-I’): TOTAL THICKNESS (UP TO 30 IT) (F-f): 10 

SATURATION RATE: SATURATION RATE: 0.95 

POROSITY: POROSITY: 0.2 

BULK DENSITY (GICM”3) BULK DENSITY (GICM”3): 1.78 

l.M)E-05 

THERE A TYPE 1 LAYER (Y&NO)? IS THERE A TYPE 2 LAYER (YESNO)? NO 

iCULATION 

IW MANY SUBLAYERS (1 - lo)? HOW MANY SUBLAYERS (1 - lo)? 5 

TAI. THICKNESS (UP TO 30 IT) (F-I): Z.ZOE+OI TOTAL THICKNESS (UP TO 30 FT) (FIJ 20 

TIJRATION RATE: + 0.13 

ROSlTY: 0.3 

LK DENSITY (GICM”3) .1.5 

(UKG): l.@JE-OS 1.00E-05 

0 

TURATEDLAYER 

TAL SATURATED ZONE THICKNESS, B ‘,FI): 27 VERTICAL SEEPAGE VELOCITY, Vm (FDYR): 4.48 

RIZONTAL SEEPAGE VELOCITY, V (l=l-JYR): 8.99 DOWNGRADIENT AREA INFILTRATION RATE, q (FDYR) 0 

(UKG): 4.808-02 SPEClFY MIXING DEPIH (Computed from formula if input NO) no 

ROSlTY: 0.3 MIXlNG DEPTH, H (PT): 27.0 

RTICAL DISPERSIVITY. AZ (FI,: 0.14 TIME OF PUMPING STOP, P&T (YEARS): 0 

1NGlTIJDINAL DISPERSIVITY, Ax (FT): 4.5 AGE (YRS): 0 

TERAL DISPERSIVITY. Ay (P-I): 1.5 CONC. IN UPGRADIENT GROUNDWATER,CUZ (IIWL, 0 

TIAI. CONC. (US/L): 2.8008+02 DISTANCE TO Fence.Line.: A + &,, trq ~6 \ \ 45 

.EDICTED IMPACTS: TIME OF MAXIMUM (YR) 

SATURATED LAYER CONCENTRATION: 2.808+02 (UG/L) 0 

FENCE LINE CONCENTRATION: 9.65E+Ol fJJG/L) 9 



Vcnion 2.0 for Excrl 4.0 & 5.0 BROWN g, ROOT ENVIRONMENTAL 

opyright 1997 SCREENING-LEVEL EXCEL-CRYSTAL BALL TRANSPORT (ECTm) MODEL 

ITE: 

JVESTIGATOR: 

ATE 

sw;,Kcy Wcsr ~~ 

SATURATED LAYER 

WILT ,FT,YR~: 0.083 B W-x 27 Vza (FTNR): 4.4 

ENGTH Fn: 110 GW Q3 WDAY,: 1.2 I Fi+o3 

IDTH ti=Tj: 190 Kd WKG~~ 4.80E-02 GW V. (FI-NR,. 8.99 Kd (UKGx o.c4*0 

7ROSU-f 2: 0.3 SATIJRATION: 1.00 H (IT1. 27 cc00 RETARDATIOI*‘: 1.240 

,ROSI’I-Y SAT. LAYER: 0.3 THICKNESS (F-T, 27.w EFF. POROSITY 0.30 qPTNR1: 

ENSl7-Y 2 (CKM3). 1.5 DECAY (*/DAY,: 2.408-04 DISPERSIVITY~ DECAY (INR): 8.8~.0 

WSlTY GMA (G,CMS): 1.50 CBo (PPBI: 2.8oE+o2 &IF--I-1: 0.14 

CL’: (PPBI: o.wE+w AX (RI: 4.50 P&T (YEARS): 

GECYEARS): 0 Ql WDAYI: 1.35E+O2 42 WDAY I: l.O7E+O3 Ay P-l?: 1.50 DISTANCE TO FL (F-l? 4 

-IME INTERVAL CYRSI 1.8 SOURCE AREA CONC.(GMA) FENCE LINE CONC. 

LAPSED TIME YRS LAYER Z(PPB) W/L) WC/L) 

0 O.oOE+CC 2.8OE+O2 O.GUE+oO 

1.8 O.oOE+oO 209E+O2 3.96E-01 

3.6 O.oOE+M) l.%E+O2 2.41E+Ol 

5.4 o.KE+oo I.l7E+02 7.09E+Ol 

7.2 O.DoE+M) 8.74E+Ol 9.60E+Ol 

9 O.@JE+CH7 6.53E+Ol 9.653+01 

10.8 O.cCJE& 4.88E+Ol 8.43EcOl 

12.6 O.COE+OO 3.65EcOl 6.87E+Ol 

14.4 O.ooE+M) 2.73E+Ol 5.38E+Ol 

16.2 O.oOE+OO 2.04E+Ol 4.13l?+01 

18 0.00E+CKl 152E+Ol 3.13E+Ol 

19.8 0.00E+00 l.l4E+Ol 2.36E+Ol 

21.6 O.IXE+CKI 851E+W 1.77EcOl 

23.4 O.ooE+M) 6.36E+OO 1.33E+OI 

25.2 O.OOE+W 4.7SE+OO 9.93E,+oo 

27 O.OOE+CC 3.55E+Oa 7.43E+OO 

28.8 O.OOE+CQ 2.66E+CQ 5.55I?+OO 

30.6 O.WE+OfJ 1.98E+CC 4.15E+OO 

32.4 O.COE+OO 1.48E+oO 3.lOE+W 

34.2 O.oOE+oO l.llE+OO 2.32E+OO 

36 O.OOE+CKl 8.298-01 1.73E+CO 

37.8 O.OOEcW 6.19E.01 1.30EcOO 

39.6 O.OQE+00 4.638-03 9.68E.01 

41.4 O.OOE+00 3.466-01 7.24E-01 

43.2 O.oOE+oO 2.59E.01 5.41E-01 

45 O.OOE+M) 1.93E.01 4.047s01 

46.8 O.OCJE+CC 1.44E.01 3.02E-01 

48.6 O.CUE+Ml l.OSE-01 2.26E-01 

50.4 O.OOE+M) 8.07E-02 1.69E-01 

52.2 O.OOE+CKI 6.03E-02 1.26E.01 

54 O.OOE+OO 4.51E.02 9.43E-M 

55.8 O.oOE+W 3.37E.02 7.058-02 

57.6 O.oOE+W 2.52E-02 5.278-02 

59.4 O.oOE+CC 1.88E.M 3.94E-02 

61.2 O.oOE+oO 1.41E-02 2.94E.02 

63 O.oOE+oO l.OSE-02 2.20E-02 

64.8 O.oOE+oO 7.86E03 1 .ME-02 

66.6 0.coE+00 588E-03 1.23E-02 

68.4 O.COE+OO 4.39E.03 9.19E-03 

70.2 O.oOE+OO 3.28E-03 6.87E-03 

72 O.oOE+oO 2.45E.03 5.13E.03 

73.8 O.COE+oO 1.83E.03 3.84E.03 

75.6 O.oOE+oO 1.37E-03 2.87E-03 

77.4 O.oOE+oO l.O2E-03 2.14E-03 

79.2 0.00E+00 7.66E-04 1.6OE-03 

81 O.OOE+CKl 5.72E-04 1.20E-03 

82.8 O.OOE+OO 4.28E-04 8.9504 

84.6 O.OOE+oO 3.20E-04 6.69E-04 

86.4 O.OOE+OiI 2.39E.04 S.OOE-04 

88.2 O.C0E+oO 1.79E-04 3.74E-04 

90 O.WE+oil 1.33E-04 2.79E-04 

MAXIMUM: O.CBE+CKl 2.8OE+O2 9.658+01 



8 0 



TRANS-1,2 DICHLOROETHENE 



lTran Version 2.0 for Excel 4.0 & 5.0 

BROWN & ROOT ENVIRONMENTAL 
opyright 1997 

rrE: SWMU 9, NAS,Key West INVESTIGATOR: LK DATE: 5lll99 

NO 

3NTAmNANT: tram-l,2-Dichloroethene ERS: Under SOUICC. n: Fenceline INPUT SOLID-PHASE CONCENTRATION (MCI/KG) I.OOOE-02 

CRITERIA WGIL): NO 

ALF-LIFE (YRS): TRY NEW GOAL: 2.33E.03 

DECREASE 

:: lNFILT@-UYR): 8.30E-02 

I &‘KG): 4.25E+OO 

LENGTH (FT): 110 

190 

EPLETING SOURCE 

IS THERE A CLAY LINER LAYER (YE&NO)? no 

WASTE CHARACTERISTICS: 

INITIAL SOLID-PHASE CONCENTRATION (MGIKG): 1 .xlE-02 THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

INPUT FOLLOWING PARAMETERS: HOW MANY SUBLAYERS (I- IO)? 3 

THICKNESS (FT): TOTAL THICKNESS (UPTO 30 FT) (FT): IO 

SATURATION RAW SATURATION RATE: 0.95 

POROSITY: POROSTTY: 0.2 

BULK DENSITY (G/CMY) BULK DENSITY (G/CM”3): 1.78 

l.CQE-05 

; THERE A TYPE 1 LAYER (YE&NO)? IS THERE A TYPE 2 LAYER (YESNO)? NO 

OW MANY SUBLAYERS (I- IO)? HOW MANY SUBLAYERS (I_ IO)? 5 

3TAL THICKNESS (UP TO 30 FT) (F-l’): 2.2oE+ol TOTAL THICKNESS (UP TO 30 FT) (FT): 20 

4TURATION RATE: 0.13 

3ROSlTY: 0.3 

ULK DENSITY (G/CM”3) ‘I.5 

d (UKG): l.ooEO5 

0 

ATURATED LAYER 

OTAL SATURATED ZONE THICKNESS, B (FT): 27 VERTICAL SEEPAGE VELOCITY. Vzo (FDYR): 4.48 

ORIZONTAL SEEPAGE VELOCITY, V (FDYR): 8.99 DOWNGRADIENT AREA INFILTRATION RATE, 9 (FTII’R) 0 

d (IJKG): 5.788-02 SPECIFY MIXING DEPI’H (Computed fmm formula if input NO) “0 

DROSITY: 0.3 MIXING DEPTH, H 0: 27.0 

ERTICAL DISPERSIVITY, AZ 0: 0.14 TIME OF PUMPING STOP. P&T (YEARS): 0 

ONGI-IWDINAL DISPERSIVITY. Ax (Ff): 2.5 AGE (YRS): 0 

ATERAL DISPERSIVITY, Ay (FT)- 0.8 CONC. IN UPGRADIENT GROUNDWATERCUZ (lJG/L) 0 

+lTIAL CONC. (q/L): &2OOE+02 DlSTANCETOFence.Line.: A+ ,?s ’ 25 

REDICTED IMPACTS: TIME OF MAXIMUM (YR) 

SATURATED LAYER CONCENTRATION: 8.208+02 PJGL) 0 

FENCE LINE CONCENTRATION: 4.29E+O2 (urn) 5.4 



0 “erslo” 2.0 for Excel 4.0 & 5.0 BROWN & ROOT ENVIRONMENTAL 

:opyright ,997 SCREENING-LEVEL EXCEL-CRYSTAL BALL TRANSPORT (ECTm) MODEL 

ITE: 

NVESTIGATOR: 

BATE: 

sw;‘Key Werr pi 

SATURATED LAYER 

WILT w-r/YR,: 0.083 B (m,: 27 “rn (tTP(RX 44 

ENGTH m-~: 110 GW Q3 (L’DAY): 1.2 1 E+O3 

i1Dl-H tF-0: 190 Kd WKGI: 5.78B-02 GW V. (FTh’R): 8.99 Kd IUKG,. 0.057 

OROSITY 2: 0.3 SATL!ATlON: 1.00 El (FIT 27.Q.w RETARDATION: 1.28 

OROSIT-? SAT LAYER: 0.3 THICKNESS il=Il 27.00 EFF. POROSITY. 0.30 q (FT/YRI 

IENSITY 2 (G/CM3): 1.5 DECAY (UDAY,: 2.40~~04 DISPERSIVITY: DECAY (I/?-R): &SE-0 

SNSITY GM.4 (GXM3): 1.50 CBO (PPBI 8.2OE+O2 AZ o=n: 0.14 

CU2 (PPBI: o.cQE+Lw AX Fn 2.50 P&T (YEARS): 

\GE (YEARS): 0 Ql WDAY): ,.35E+02 Q2 WDAYI: ,.07!z+03 AY (I=0 0.83 DISTANCE TO F.L. W-I: 

TIME INTERVAL (YRS, 1.8 SOURCE AREA CONC.(GMAl FENCE LINE CONC. 

ILAPSED TIME - YRS LAYER 2iPPBI (‘JGU (UGLl 

0 2.3SE+OO 8.2OE+O2 O.M)E+oo 

1.8 1.99E+00 6.16E+O2 4.248+01 

3.6 1.68E+00 4.63E+02 3.278+02 

5.4 1.42E+00 3.4%+02 4.293+02 

7.2 1.20EcCtl 2.61E+O2 3.84E+O2 

9 l.OlE+W 1.96E+O2 

10.8 

3.0%+02 

8.538-01 1.47E+O2 2.33E+02 

12.6 7.20E-01 l.llE+O2 1.76E+O2 

14.4 6.08E-01 X.328+01 

16.2 

1.33E+O2 

5.14E-01 6.258+01 

18 

9.98E+Ol 

4.348-01 4.70E,+o1 

19.8 

7SOE+Ol 

3.66E.01 3.53E+Ol 5.63E+Ol 

21.6 3.09E-01 2.658+01 4.23E+Ol 

23.4 2.61E-01 1.99E+Ol 3.18E+Ol 

25.2 2.2iE-01 1.50E+Ol 

27 

2.39Iz+o3 

1.86E.01 l.l2E+Ol 

28.8 

1.80E+01 

1.57E.01 8.45B+OO 

30.6 

1.35E+Ol 

1.33E.01 6.3SE+00 

32.4 

l.OlE+O1 

l.l2E-01 4.77E+OO 7.62E+00 

34.2 9.47B-02 3.58E+W 5.728+00 

36 7.99E-02 2.69E+CO 

37.8 

4.3o!z+M) 

6.75B.02 2.02E+W 3.238+00 

39.6 5.70B.02 1.52E+W 

41.4 

2.43E+oO 

4.81E-02 1.14E+W 

43.2 

1.82E+00 

4.06E.02 8.6OE-01 

45 

1.37E+CO 

3.438-02 6.46E-01 

46.8 

l.O3E+OO 

2.908-02 4.868-01 

48.6 

7.75E.01 

2.458-02 3.658-01 5.82E.01 

50.4 2.07E-02 2.7SE-01 

52.2 

4.38E-01 

1.748-02 2.07E-01 3.298-01 

54 3.478-02 l.SSE-01 

55.8 

2.478-01 

1.24E-02 l.l7E-01 

57.6 

1.86E.01 

l.O5E-02 R.79E.02 

59.4 

1.4OE.01 

8.87E-03 6.6lE.02 

61.2 

l.OSE-01 

7.49E.03 4.988-02 

63 

7.918-02 

6.33E-03 3.75E-02 

648 

5.958-02 

5.34E.03 2.82E.02 

666 

4.48~.02 

4SlB03 2.13E-02 

68.4 

3.378-02 

3.81E-03 1.6OE-02 

70.2 

2.54E-02 

3.22E-03 12lE.02 

72 

1.9lE.02 

2.72E.03 9. IOE-03 

73.8 

l&E-02 

2.29E-03 6.87E-03 

75.6 

1.09E-02 

1.94E-03 5.1 EE-03 

77 4 

8.18E-03 

1.648-03 3.9lE.03 

79.2 

6.17E.03 

1.388-03 2.96E-03 

81 

4.65E-03 

l.l7E-03 2.24E-03 3.51E-03 

82.8 9.858-W 1.69E.03 2.65E-03 

84.6 8.318-04 1.28E-03 2.OOE-03 

86.4 7.02E-04 9.71E-04 

88.2 

1.52E.03 

5.93~~04 7.37B04 1. ISE-03 

90 S.OlE-04 5.608-04 8.69E-04 

MAXIMUM: 2.3SE+W 8.2OE+O2 4.29E+O? 



TIME TO ACTION LEVEL CONCENTRATION 
IN AQUIFER BENEATH THE SOURCE AREA 

TRANS- 1,2-DCE 

9.00E+02 T 

8.00E+02 

7.00E+02 

3 
&$ 6.00E+02 
V 

$ 5,00E+02 

i= 
4 
g 4.00E+02 

G 
fj 3.00E+02 
0 

2.00E+02 

l,OOE+02 

O.OOE+OO 

TIME (YEAR) 
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h-an Version 2.0 for Excel 4.0 & 5.0 

BROWN & ROOT ENVIRONMENTAL 
#pyright 1997 

:E: SWMU 9, PiAs,Key west INVi!..STIGATOR: LK DATE: s/7/99 

NO 

NTAMINANT: tram-1.2.Dichloroethhene ERS: Under source. FL: Fenceline INPUT SOLID-PHASE CONCENTRATION (MGIKG) 1 .x00&02 

ATER CPJTERIA (UG/L): CONSTANT CONCENTRATION (YESNO)? NO 

LF-LIFE (YRS): TRY NEW GOAL: 3.60E-03 

INFILT(I=T/YR): 8.30E.02 

(LJXG): 4.2.5E+O0 

LENGTH @I-): 110 

190 

PLETING SOURCE: 

IS THERE A CLAY LINRR LAYER (YRS,NO)? “0 

WASTE CHARACTERISTICS: 

INITIAL SOLID-PHASE CONCENTRATION (MGIKG): 1 .oOE-02 THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

INPUT FOLLOWING PARAMETERS: HOW MANY SUBLAYERS (1. IO)? 3 

THICKNESS F): TOTAL THICKNESS (UP TO 30 FT) (FT): 10 

SATURATION RATE: SATURATION RATE: 0.95 

POROSITY: POROSITY: 0.2 

BULK DENSITY (GICM”3) BULK DENSITY (G/CM*3): 1.78 

1.0OE-05 

THERE A TYPE 1 LAYER (YE&NO)? IS THERE A TYPE 2 LAYER (YESPOY NO 

W MANY SUBLAYERS (1 - IO)? HOW MANY SUBLAYERS (1 _ IO)? 5 

TAL THICKNESS (UP TO 30 FT) (IT) Z.ZOE+Ol TOTAL THICKNESS (UP TO 30 FT) (PI): 20 

TURATION RATE SATURATION RATE: 0.13 

ROSH-Y: 0.3 

LK DENSITY (GICM”3) 1.5 

(IJKG): 1.00E-05 

TLU SOIL CONC. (MGf’KG): 0 

TURATED LAYER 

TAL SATURATED ZONETHICKNESS, B (FT): 27 VERTICAL SEEPAGE VELOCITY, Vro (FTPIR): 4.48 

lRIZONTAL SEEPAGE VELOCITY, V (FTNR): 8.99 DOWNGRADIENT AREA INFILTRATION RATE, 9 (I=T/YR) 0 

(IJKG): 5.788-02 SPECIFY MIXING DEPTH (Computed fmm formula if input NO) no 

ROSITY: 0.3 MIXING DEPTH, H (FT): 27.0 

RTICAL DISPERSIVITY, AZ (I=f): 0.14 TIME OF PUMPING STOP, P&T (YEARS): 0 

NGITUDINAL DISPERSIVITY, Ax (FIJ: 4.5 AGE (YRS): 0 

TERAL DISPERSIVITY. Ay 0: 1.5 CONC. IN UPGRADIENT GROUNDWATER,CUZ (UGIL) 0 

ITIAL CONC. &t/L): 8.200E+02 DISTANCE TO Fence.Line.: pf- SCh-Crij K/e tI 45 

/ 

.EDICTED IMPACTS: TIME OF MAXIMUM (YR) 

SATURATED LAYER CONCENTRATION: 8.2OEcO2 (UC&) 0 

FENCE LINE CONCENTRATION: 2.78E+O2 (UGIL) 9 



“CSiO” 2.0 for Excel 4.0 & 5.0 BROWN & ROOT ENVIRONMENTAL 

opyright 1997 SCREENING-LEVEL EXCEL-CRYSTAi BALL TRANSPORT (ECTran) MODEL 

‘TE: 

WESTIGATOR: 

ATE: 

SW;; wca ~~ 

SATURATED LAYER 

,FlLT Fr/YR)~ 0.083 B (“-J: 27 “ro FrlYR): 4.a 

ZNGTH Fl?: 110 GW Q3 WDAY): 121E+03 

IDTH m-,: 190 Kd (L’KG): 5.78&M GW V. (FUYR): 8.99 Kd (“KG). 0.0578 

)ROSITY 2: 0.3 SATURATION: l.w H FlT: 27.woO RET.ARDAllON: 1.281 

1ROSITY SAT. LAYER: 0.3 TWCKNESS CPI,: 27.w EFF. POROSITY: 0.30 q FVYRI c 

ENSITY 2 GKM3): 1.5 DECAY (VDAYJ 2.408-04 DISPERS1bTT-t: DECAY (INR): 8.8E.0: 

SNSITY GM.4 (GICM3,: 1.50 CBo (PPB): 8.2OE+oZ AZ 0%: 0.14 

cu2 CPPB): O.oOE+oO AX (Fn: 4.50 P&T (YEARS,: C 

GE (YEARS): 0 QI (L/DAY): 1.35E+02 42 (LAJAY): 1.07EtO3 Ay FIT: I .so DlSTAhTE TO F.L. (F-l-l: 4: 

IME INTERVAL (YRS) 1.8 SOURCE AREA CONC.fGMA) FENCE LINE CONC. 

LAPSED TIME YRS LAYER 2,PPB) WGR) KG/L) 

0 2.35E+oO 8.2OE+O2 O.ooE+oo 

1.8 1.99EcoO 6.16!5+02 8.248-01 

3.6 1.68ExM 4.63E+02 6.04E+Ol 

5.4 1.42E+CC 3.48E+02 1.91E+O2 

7.2 1.2OE+Oil 2.61E+02 2.69&02 

9 1.0u3oo 1.96E+O2 

10.8 

2.18E+O2 

8.53B-01 1.47E+02 

12.6 

2.4X8+02 

7.20E.01 l.llE+02 2.048+02 

14.4 6.08E.01 8.32E+Ol 

16.2 

1.62E+02 

5.14E-01 6.25BiO 1 

18 

1.26E+02 

4.34E.01 4.7OE+Ol 

19.8 

9.59E+OI 

3.668-01 3.53E+Ol 

21.6 

7.28E+Ol 

3.09E.01 2.65E+Ol 

23.4 

S.SOE+Ol 

2.61E-01 1.99E+Ol 

25.2 

4.14E+Ol 

2.21E-01 lSOE+Ol 

27 

3.12E+Ol 

1.86E-01 l.l2E+Ol 

28.8 

2.35?3+01 

1.57E-01 X.458+00 

30.6 

1.76E+Ol 

1.33E.01 6.358+&l 1.33E+OI 

32.4 1.12E.01 4.778+00 

34.2 

9.96E+OO 

9.47E-02 3.588+00 7.48E+oO 

36 7.99E-02 2.69E+00 5.62E-coO 

37.8 6.75&02 2.02E+00 

39.6 

4.23E+OO 

57OE-02 1.52E+C+ 

41.4 

3.17E+@l 

4.81E-02 1.14E+00 

43.2 

?.39i3+00 

4.06E.02 8.6OE.01 

45 

1.79E+m 

3.43E.02 6.46E.01 

46 8 

1.35E+oo 

2.90E.02 4.86E-01 I.OIE+M) 

48.6 2.45E-02 3.65E.01 7.61E-01 

50.4 2.07E.02 2.7%01 

52.2 

5.72E-01 

1.748-02 2.07E-01 

54 

4.3OE-01 

1.478-02 l.S5E-01 

SS 8 

3.23E-01 

1.248-02 l.l7E-01 

57 6 

2.43E.01 

1 05E-02 8.798-02 

59.4 

1.83E.01 

8.878-03 6.61!.-02 

61.2 

1.37E-01 

7.498-03 4.98E-02 

63 

l.O3E-01 

6.338-03 3.758-02 

64.8 

7.778-02 

5.34E-03 2.828-02 

66.6 

5.848-02 

4.51E-03 2.13E-02 

68.4 

4.4OE.02 

3.81E.03 1.6OE.02 

70.2 3.22E.03 

3.3lE-02 

1.2lE.02 

72 

2.49E-02 

2.72E-03 9.10E.03 

73.8 

1.88E-02 

2.29E.03 6.878-03 

75.6 

1.41E-02 

1.94503 5.1 SE-03 

77.4 

1.06E-02 

1.64E-03 3.91E.03 

79.2 

S.OlE-03 

1.38&03 2.96E-03 

81 

6.04E.03 

1.17E.03 2.24E.03 

82.8 

4.568-03 

9.858-04 1.69E-03 

84.6 

3.448-03 

8.318-04 1.28B-03 2.59E-03 

86.4 7.028-04 9.7lE-04 

88.2 

1.96E-03 

5.938-04 7.37E.04 1 48E-03 
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DEVELOPMENT OF CROSS-MEDIA REMEDIAL GOAL OPTIONS 
SWMU 9 



C.l .O INTRODUCTION 

c.1.1 PURPOSE AND SCOPE 

The following sections discuss the development of cross-media remedial goal options (RGOs) for Solid 

Waste Management Unit (SWMU) 9 for the Naval Air Station (NAS), Key West, Florida. SWMU 9, the 

Jet Engine Test Cell site associated with Building A-969, is located in the northeastern portion of the 

Boca Chica Airfield (Figure C-l). 

A groundwater pump and treat system was installed in 1996 and operated for one year to remove solvent 

contamination. Subsequently, an additional study was conducted in May 1998 to identify the natural 

attenuation processes that exist at the site and to determine if they are sufficient to be protective of the 

onsite lagoon. As indicated in the Natural Attenuation Study report, natural attenuation processes are 

present at the project site and can be used to facilitate more active forms of groundwater rernediation, 

based upon the past and current plume configuration and results of geochemical testing (TtNUS, 1998). 

This modeling has been conducted to support the final remedial alternative of monitored site-wide 

natural attenuation. 

The following sections describe the development of groundwater to surface water and groundwater to 

sediment RGOs for SWMU 9. Groundwater to surface water and groundwater to sediment RGOs are 

groundwater concentrations that are protective of the migration of residual contaminants to surface water 

or sediment. The RGOs were developed through the use of a groundwater flow contaminant fate and 

transport model to predict maximum groundwater concentrations beneath the source area tlhat would 

result in surface water and sediment concentrations less than regulatory criteria at the exposure point. 

The exposure point was assumed to be a single point downgradient of the source along the centerline of 

the plume where the groundwater enters the small surface water pond located approximatelly 50 feet 

northeast of groundwater screening sample SWMUS-GS-02. Groundwater travels to and discharges to 

the small surface water pond prior to further discharging to the lagoons. Acceptable surface water and 

sediment criteria were chosen as the most restrictive ARARISAL criteria. Four chemicals [cis-1,2 

dichloroethene (cis-1,2-DCE), trans-1,2 dichloroethene (trans-1,2-DCE), trichloroethene (ICE), and 

benzene] were selected for modeling because concentrations of these chemicals (with the exception of 

TCE) exceeded groundwater action levels based on 1998 groundwater sampling data. RGOs cleveloped 

based on ECTran modeling are presented in Table C-l, 

The computations considered natural processes affecting contaminant fate and transport in groundwater 

that will reduce contaminant concentrations in groundwater over time. The mechanisms/lprocesses 

affecting chemical fate and transport in groundwater that were accounted for during the modeling include 
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sorption, dilution, advection, dispersion, and chemical/biological decay. Source area groundwater 

contaminant levels have been reduced substantially by the groundwater pump and treat operations. In 

addition, infiltration of rainfall into the aquifer will flush the aquifer with clean water. 

The groundwater fate and transport modeling was accomplished through the use of a combined 

groundwater flow/contaminant fate and transport model. 

c.1.2 REPORT ORGANIZATION 

This appendix has been divided into four discrete sections. In addition to the introduction (Section 

C.l.O), Section C.2.0 presents the technical approach used for the groundwater fate and transport 

modeling. Section C.3.0 provides the input data used for the modeling. Section C.4.0 presents 

modeling results for SWMU 9. 
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C.2.0 GROUNDWATER FATE AND TRANSPORT MODELING DEVELOPMENT 

The technical approach used to develop groundwater to surface water and groundwater to sediment 

RGOs is described in the following subsections. Section C.2.1 describes the analytical groundwater 

contaminant fate and transport model used for this task. Section C.2.2.1 briefly describes the geology 

and hydrogeology at SWMU 9. Section C.2.2.2 provides the site conceptual model. SectionIs C.2.2.3 

and C.2.2.4 provide modeling procedures and simplifying assumptions. 

c.2.1. GROUNDWATER MODEL TOOL 

The groundwater modeling at SWMU 9 was performed using the ECTran model (Chiou, et al., 1993). 

The ECTran (Excel-Crystal Ball Transport) model is a multi-layer, one-dimensional, analytical 

contaminant fate and transport model based on straightforward mass-balances and advection/dispersion 

analytical equations. 

The groundwater model is implemented on the spreadsheet software Excel 4.0 and Crystal Elall 3 and 

can be used to simulate a variety of complex conditions. To date, ECTran and its predecessors have 

been employed at hazardous waste sites in United States Environmental Protection Agency (U.S. EPA) 

Regions Ill, IV, V, VI, and X to evaluate soil cleanup goals, to estimate cleanup times, and to support 

baseline risk assessments. It has been used at Department of Defense (DOD), Department of Energy 

(DOE), Naval Air Station, and industrial sites for both Resource Conservation and Recovery Act (RCRA) 

and Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) appliications. 

The ECTran model simulates vertical contaminant transport with uniform (thickness, concentration, 

porosity, etc.) layers. The model predicts the contaminant concentration downgradient of the source at a 

single point, located at the centerline of the contaminant plume, at a specified distance from the 

exposure point. 

C.2.2 CONCEPTUAL MODEL 

A description of the conceptualization of the natural processes that govern groundwater flow and 

contaminant transport at the site is provided in this subsection. The following subsections proviide only a 

summary of the physical characteristics of the site relevant to the modeling task. Additional details 

concerning the physical characteristics of the site can be found in Section 3.0 of the Supplemental RCRA 

Facility Investigation/Remedial Investigation (RFI/RI) Report (B&RE 1997). 
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The site is bordered to the south by an asphalt road that parallels a runway and to the east and west by 

grassy areas. The entire area is flat, open, and covered with grass where it is not paved. An inlet of 

Florida Bay is located north of the site, approximately 250 feet from the former location of the canopy. 

Beginning in 1969, the site was used for the testing of recently repaired jet engines. No other activities 

have been conducted near the site. 

c.2.2.1 Site Phvsical Characteristics 

Geology and Soils 

The site-specific geology and hydrogeology of the unit were determined from soil borings and monitoring 

wells installed during the contamination assessment study, the groundwater evaluation study, and the 

Supplemental RFVRI. During installation of soil borings, oolitic limestone was encountered at the surface 

and was present to the termination of the borings at 13 feet below land surface (bls). The limestone was 

consistent in all borings, and no lateral or horizontal variations were apparent. As stated in the RI 

workplan, the Miami Oolite is 27 feet thick (ABB 1995). 

The soils on Boca Chica Key are primarily rockland with some filled areas and mangrove swamps. 

Other major soil groups on Boca Chica Key are Uthorthents, which consist of gravely sand and marl, and 

Cudjoe, which consists of marl and weathered bedrock (ABB, 1995). The limestone is well consolidated 

with abundant shell fragments and medium- to fine-grained sand in the limestone matrix. The Standard 

Penetration Test (SPT) (blow counts) indicated that the limestone is of medium to high density. 

Hydrogeology 

The hydrogeologic unit associated with the oolitic limestone is the surficial aquifer. Depth to groundwater 

was reported to be approximately 1 to 3 feet bls. High specific conductivity values can be expected for 

groundwater at the site due to the salt water inlet to the north. The aquifer is recharged directly through 

rainfall. Groundwater elevation data collected during previous studies indicated a predominantly 

northern groundwater flow direction, with some tidal influence. Tidal fluctuations decrease from 0.5 feet 

at the inlet to 0.2 feet closer to the monitoring well SSMWlO. Groundwater elevations measured on May 

1998, were consistent with those recorded during previous investigations. Groundwater flow is in a 

north-northeast direction toward the lagoon based on the 1998 groundwater contour map (see Figure C- 

a 

Pumping tests were conducted at some existing monitoring wells at SWMU 9 to estimate hydraulic 

conductivity (K). The results of pump tests are summarized in Table C-2. The average aquifer 

transmissivity value reported from pumping tests is approximately 9.4 x lo-’ feet2/minute (or 134.8 
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feet2/day) (BEI, 1995). K values are estimated by dividing the transmissivity by the thickness of the 

surficial aquifer, determined to be 27 feet. A more representative geometrical mean K value was used 

for modeling. The geometric mean K value from all the surficial wells is 4.62 feet/day @/day). The 

seepage velocity (the rate at which groundwater moves through the aquifer) is estimated at 8.99 feet per 

year (ft/yr). This seepage velocity was calculated using a geometric mean K value (4.62 ft/day), a 

hydraulic gradient of 0.0016 ft/ft, and an effective porosity of 0.3. 

c.2.2.2 Site Conceotual Model 

Rainwater that falls on the site transports contaminants through runoff and/or by infiltrating into the soil. 

Runoff can transport contaminants from the surface soils being eroded by the runoff. This pathway is not 

considered to be significant for the site. A portion of the rainwater that falls on the site re’aches the 

groundwater by directly infiltrating into the soil. As the water infiltrates through the contaminated soil, 

contaminants leach out of the soil and are transported with the water through the unsaturated zone to the 

shallow groundwater below. The contaminants can then be transported laterally with the groundwater 

and eventually enter a surface water body. 

,.a --” 

In this study, upgradient groundwater flow is assumed to be clean (Le., contaminant concentration = 

zero). Upgradient flow will combine with infiltrated water and carry dissolved contaminants in the 

groundwater to the groundwater discharge point. Dissolved contaminants migrate through groundwater 

at a slower velocity than the velocity of the groundwater based on chemical-specific retardation. Dilution 

and dispersion processes reduce concentrations as contaminants move through the groundwater regime. 

Also, the contaminant may decay in the environment as a result of biological and/or chemical processes. 

Therefore, as contaminants migrate through the groundwater, they may decay and their concentrations 

decrease. 

Figure C-3 presents the site conceptual model. Conceptually, the groundwater contaminant migration 

pathway consists of an unsaturated zone and an unconfined aquifer. The shallow aquifer consists of the 

entire thickness of the oolitic limestone, based on the geology and hydrogeology of the site. The layer 

conceptualization is reasonable since the primary route for contaminant migration in groundwater from 

SWMU 9 would be through the surficial aquifer. At SWMU 9, the typical depth to groundwater is 

estimated to be approximately 2 feet, which is determined as the thickness of the unsaturated zone. The 

modeled thickness of the saturated layer includes the entire surficial aquifer system, and is selected to 

be 27 feet. The general groundwater flow direction in the sutficial aquifer is to the north-northeast toward 

the onsite lagoons (Figure C-2). Groundwater can travel both horizontally and vertically within the 

saturated zone. 
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C.2.2.3 Groundwater Modelinu AssumDtions 

Modelina Assumptions 

Source Area 

The source area layout was selected based on the locations at which contaminants were detected. The 

source area is designated as a rectangular area with length parallel to groundwater flow direction, and 

width perpendicular to the flow direction. 

Layer Simulated in the Model 

The uppermost layer simulated in the ECTran model is the unsaturated zone. The bottommost layer 

simulated in the ECTran model is the shallow unconfined surficial aquifer (saturated zone). Using a 

single layer to represent the saturated zone is reasonable since the vertical extent of the plume was 

limited to the surficial aquifer. 

Initial Soil Concentrations 

The initial soil concentrations under the source area were assumed to be the maximum detected 

concentration for each contaminant in the soil samples. 

Modeling Time Frame 

The contaminant simulations were continued until the concentration at the exposure point peaked, then 

gradually dropped off in the aquifer by natural attenuation processes. 

Chemical Fate and Transport 

Several mechanisms/processes affecting chemical fate and transport in groundwater were accounted for 

during the groundwater modeling. They include sorption, dilution, advection, dispersion, and 

chemical/biological decay. Sorption is the reaction that occurs between the solute and the surfaces of 

solids causing the solute to bond to varying degrees to the surface. Dilution occurs because of the 

mixing of contaminated groundwater with unaffected groundwater. Advection is the primary mechanism 

responsible for the movement of contaminants as a consequence of groundwater flow. Dispersion 

occurs because of fluid mixing due to effects of heterogeneities in the permeability distribution. Decay 

involves the degradation of a chemical by natural chemical and biological processes. 

C.2.2.4 Groundwater to Surface Water AssumcHions 
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To determine the groundwater to surface water RGO, an acceptable groundwater concentration 

protective of surface water at the surface waterigroundwater interface must be calculated. For the 

purpose of concentration comparisons within the same medium (i.e., surface water criteria against 

surface water concentrations), the predicted surface water concentrations at the small poncl must be 

derived from the predicted groundwater concentrations developed with ECTran modeling. This 

acceptable groundwater concentration was calculated based on the assumptions and equations 

presented in this section. The RGOs were then developed with the groundwater model and assumptions 

described in the previous section, based on the acceptable groundwater concentration (protective of 

surface water). The assumed groundwater concentration under the source area was iterativehy changed 

until the model-predicted concentration at the edge of the surface water body was just lbelow the 

acceptable groundwater concentrations. The final assumed source groundwater concentration is the 

groundwater to surface water RGO. These RGOs, acceptable groundwater concentrations, and 

associated surface water criteria are presented in Table C-l. 

The theory of converting the groundwater concentration at the surface water/groundwater interface (the 

edge of the pond) to a surface water concentration is presented below. The following equation is used. to 

calculate the chemical mass flux in the groundwater at the groundwater/surface water interface 

where: 

Qc = Chemical flux (mass/time) 

Vow = Groundwater velocity (length/time) 

C, = Chemical concentration in the groundwater (masMength3) (Predicted with the ECTran model) 

A = Cross sectional area of the mass flow (length2 ) 

and Rc is chemical specific retardation factor given by: 

where: 

Rc = Chemical specific retardation factor (dimensionless) 

p t, = Dry bulk density of soil (mass/length3) 

(1) 
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n = Porosity (dimensionless) 

Kd = Soil / water partitioning coefficient (length3/mass ) 

The total ftow of groundwater is given by the groundwater velocity multiplied by the cross sectional area 

of groundwater flow. The surface water concentration (or the seep concentration) (Cd is then equal to: 

(Y, = & 
GW (3) 

After replacing Qc in Equation (3) by Equation (l), the groundwater velocity and the area cancel out so 

that the surface water concentration C, equals the groundwater concentration C, divided by the 

retardation factor. 

(1 _ (:, 
s - 

& 

(4) 

Equation (4) was used to calculate the surface water concentration based on the modeled groundwater 

concentration at the groundwaterkurface water interface assuming C, is the surface water exposure 

criteria. 

C.2.2.5 Groundwater to Sediment AssumDtions 

Development of the groundwater to sediment RGOs was similar to the development of the groundwater 

to surface water RGOs described in Section C.2.2.4. The acceptable groundwater concentrations in the 

sediment porewater at the exposure point were assumed to be equal to the sediment criteria divided by 

the K+ These acceptable groundwater criteria are presented in Table C-l. The exposure point was 

assumed to be the groundwaterkurface water interface. 
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C.3.0 INPUT DATA FOR MODELING 

c.3.1. CHEMICAL INPUT PARAMETERS 

The primary chemical input parameters include the initial contaminant concentrations, the soil/water 

partitioning coefficient (&), the exposure criteria, and chemical and biological decay half-lives. The 

chemical input parameters used in the modeling were obtained from the Supplemental RFI/RI report 

(B&R, 1997) and the Natural Attenuation Study report (TtNUS, 1998) and are discussed below. 

Modeled Chemical and Initial Soil and Groundwater Concentrations 

Four chemicals were modeled because detected concentrations exceeded groundwater action levels. 

These chemicals are: cis-I,2 DCE, trans-1,2 DCE, benzene, and TCE. At SWMU 9, the current 

maximum detected groundwater concentrations (November 1998) in the source area include cisl,2 DCE 

(280 pg/L), trans-1,2 DCE (820 ug/L), benzene (18 us/L), and TCE (2.2 ug/L). Of the four modeled 

chemicals, only trans-1,2-DCE has was detected in soil within the source area (maximum detscted soil 

concentration of 10 ug/kg). 

SiteSDecific SoiWater Partitionina Coefficient 

Chemical-specific soil/water partitioning coefficients (K&) were used to estimate the mobility of each 

chemical. A chemical’s & value is the ratio of its concentration in soil (or sediment) to its concentration 

in water when the two concentrations are in equilibrium. A high Kd value would be representative of a 

chemical that has a tendency to bind to the soil and is therefore less mobile in water. Depending on the 

chemical form of a certain contaminant (specifically for inorganics), the & value can vary substantially. 

The site-specific & values used in this evaluation were calculated based on the procedures prtDpOSed in 

the Soil Screening Guidance Document (U.S. EPA 1996). 

The & values for organic constituents are typically calculated by multiplying the & value (salil organic 

carbon/water partition coefficient) by the FOC (fraction of organic carbon) (EPA, 1988). The source of 

L values applied was the U.S. EPA document “Manual - Groundwater and Leachate Treatment 

Systems” (EPA/625/R-94/005). Both FOC values associated with site soil and site aquifer materials were 

considered. The site-specific FOC values used in this evaluation were obtained from the Natural 

Attenuation Study report (Table 4-1, TtNUS, 1998). The more natural organic carbon present in the 

aquifer materials, the higher the adsorption of organic constituents within the aquifer matrix. As 

indicated in Table 4-1 of the Natural Attenuation Study report, Total Organic Carbotn (TOC) 
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concentrations range from 2.6 mg/L in S9MW17 (upgradient) to 24 mg/L in S9MW24 and 28 mg/L in 

SSMWlO. A TOC concentration of 1 mg/L is equivalent to a FOC value of 0.0001 percent. A more 

conservative geometric mean FOC value (0.001) was used for modeling in lieu of the maximum FOC 

value (0.0028 Oh). The following equation was used to compute Kd values: 

& = Kc *.fm (5) 

where: 

foe = fraction of organic carbon 
& = soil organic carbon/water partitioning coefficient 

The & values and the data used to derive the values are presented in Table C-3. 

Half-life Decav Constants 

Decay of organic contaminants can occur by biological and non-biological mechanisms. This decay is 

quantified by chemical-specific half-life. To be conservative for the groundwater modeling, the longest 

reported half-life was selected from the literature source (Howard 1991). Table C-3 presents the half-life 

decay constants used in the modeling. 

Exposure Criteria 

Surface water criteria and sediment criteria were used as the exposure criteria for groundwater fate and 

transport modeling. The acceptable surface water criteria chosen were the most restrictive ARAWSAL 

criteria. The surface water criteria are as follows: 

l cis-1,2 DCE - 11,600 ug/L 

l trans-1,2 DCE - 1,350 ug/L 

. benzene - 71 ug/L 

l TCE - 81 ug/L 

The sediment criteria are as follows: 

l cis-1,2 DCE - 23 us/kg 

l trans-1,2 DCE - 62,000 ug/kg 

l benzene - 57 ugfkg 

. TCE - 1,600 ug/kg 
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C.3.2 PHYSICAL INPUT PARAMETERS AT SWMU 9 

The groundwater physical input parameters used in this modeling effort are described in the next two 

subsections. 

C.3.2.1 Surface Water Infiltration Rates: 

infiltration rates in the source area are estimated to be one-quarter of the annual precipitation (:infiltration 

rate = 10 inches per year). An average of 35 to 40 inches of rainfall per year was reported in the 

Supplemental RFI/RI report for the area of Key West, Florida (B&R, 1997). 

C.3.2.2 Groundwater Phvsical Input Parameters at SWMU 9 

Laver Thickness: As described in the Conceptual Model section, the typical thickness of the unsaturated 

zone was assumed to be 2 feet. The saturated zone was assumed to be 27 feet thick based on the 

geologic descriptions of the unit (Section C.2.2.1). Table C-5 presents a summary of physical and 

geologic parameters used for modeling. 

Source Area Size: It is assumed that the source area for each contaminant corresponds to a rectangular 

area. Each contaminant source area size was determined based on the locations at which groundwater 

contaminants were detected. Figure C-4 and Table C-5 present the source area sizes based on the 

reported 1998 groundwater concentrations in the surficial aquifer. 

Exposure Point: The exposure point for the groundwater modeling was at a point downgradient of the 

source area where groundwater discharges into a small surface water pond, located approximately 50 

feet northeast of screening sample SWMUS-GS-02. Groundwater discharges into the pond and 

subsequently to the onsite lagoons further north. The distance to this exposure point is measured along 

the groundwater flow path direction (Figures C-4 and Table C-5). 

Hvdraulic Conductivity (K): The K value was determined from the pumping tests for the wells in the 

surficial aquifer. The surficial aquifer has an estimated K ranging from 3.33 to 9.43 ft/day. A geometric 

mean K value of 4.62 fUday was selected for modeling (Table C-2). 

Gradient: The gradient was calculated to be 0.0016 (B&R, 1997). 

Effective Porositv: An effective porosity of 0.3 was incorporated from the Supplemental RFI/RI report. 

Seepaae Velocity: The seepage velocity is calculated with the following equation. 
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Where: 

KI 
V 

seep = eflective porosity 

K = hydraulic conductivity (4.62 ft/day) 
I = gradient (0.0016) 
Effective porosity = 0.3 

The seepage velocity is thus estimated to be 8.99 fVyr. 
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Groundwater RGOs protective of surface water and sediment were developed for four chemicals (cis-1,2 

DCE, trans-1,2 DCE, benzene, and TCE) and are presented in Table C-l. Acceptable groundwater 

concentrations, protective of surface water and sediment at the interface with the small pond, were 

developed to calculate the groundwater RGOs and are presented in Tables C-l and C-4. If a chemical is 

detected in groundwater under the source area, the groundwater RGOs would be appropriate for 

comparison. If a chemical is detected in groundwater near the small pond, the acceptable groundwater 

concentrations would be appropriate for comparison. 

The groundwater RGOs developed by ECTran modeling indicate that the current groundwater 

concentrations at SWMU 9 do not exceed the groundwater RGOs for surface water or sediment. The 

current maximum detected groundwater concentrations (November 1998) for the four chemicals are: 

. cis-1 ,ZDCE - 280 pg/L 

l trans-1 ,ZDCE -- 820 pg/L 

. TCE - 2.2 ug/L 

l Benzene - 18 pg/L 

Natural attenuation processes that were accounted for during groundwater modeling include sorption, 

dilution, advection, dispersion, and chemical/biological decay. ECTran model’s inputs and outputs are 

presented in Attachment C.l. 
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TABLE C-l 
GROUNDWATER RGOs PROTECTIVE OF SURFACE WATER AND SEDIMENT 

&WMU 9 CORRECTIVE MEASURE STUDY 
NAVAL AIR STATION, KEY WEST, FLORIDA 

Groundwater 

FIG0 
Chemical Protective of 

Of Concern Surface Water 

ug/L 

:is-1,2-DCE 60,000 

rans-1,2-DCE 7,600 

3enzene 12,600 

TCE I 2,720 81 

Surface Water 

Criteria”’ 

uglL 

11.600 14.385 1,930 23 

1,350 

71 

Groundwater Groundwater 
Criteria RGO 

Protective of Protective of 

Surface Water(‘) Sediment 

us/L us/L 

1,740 

100 

131 

4,500,000 62,000 

89,500 57 

280,000 1,600 

Sediment 

Criteria”’ 

uglkg 

460 280 No 

1.03 x lo6 820 No 

712.5 18 No 

13,333 ND No 

RGO = Remedial Goal Option 
DCE = Dichloroethene 
TCE = Trichloroethene 
(1) Surface water and sediment criteria are the most restrictive of ARAR or SAL values (BRAC SI Workplan (B&R Environmental, 1998) 
(2) Represents groundwater concentration at groundwater/surface water interface (edge of surface water pond) that will not result in a surface 

water concentration in excess of surface water criteria. Calculated by multiplying surface water criteria by corresponding retardation factor. 

(3) Represents groundwater concentration in sediment porewater at groundwaterhtface water interface. Calculated by dividing 
sediment criteria by corresponding partitioning coefficient. 



TABLE C-2 

HYDRAULIC CONDUCTIVITIES FROM PUMPING TEST AND SLUG TEST 

SWMU 9 CORRECTIVE MEASURE STUDY 

NAVAL AIR STATION, KEY WEST, FLORIDA 

Well ID Test Type Transmissivity Hydraulic Conductivity 

(ft2/min) 

P-2 

P-3 

P-4 

P-5 

MW-10 

pump test (‘) 0.06235 3.33 

pump test (‘) 0.08235 4.39 

pump test (‘I 0.17680 9.43 

pump test (‘) 0.07366 3.93 

pump test (‘) 0.07305 3.90 
Geomean (Ksat; ft/day)= 4.62 

(1) The aquifer transmissivity results were based on the pumping test, and were divided by 
the aquifer thickness of 27 feet to obtain the hydraulic conductivities. The pumping test was 
started on September 6, 1995 at a pumping rate of 2.0 gpm (BEI, 1995). 



TABLE C-3 
PARTlTlONlNG COEFFICIENT AND HALF-LIVES 

SWMU 9 CORRECTIVE MEASURE STUDY 
NAVAL AIR STATION, KEY WEST, FLORIDA 

Chemicals 
Of 

Concern 

Cis-1,2-Dichloroethene 

Trans-1 ,P-Dichloroethene 

Benzene 

Trichloroethene 

Organic Carbon/ Soil Partitioning Groundwater Partitioning 

Water Partitioning Organic Carbon Coefficient@’ Organic Carbon Coefficientc3) 

Coefficient”’ Canter@ (unsaturated zone) Contenti4’ (saturated zone) 

KOC FOC Kd FOC Kd 

(L/kg) (Llkg) (L/kg) 

49 0.0720 3.53 0.0010 0.05 

59 0.0720 4.25 0.0010 0.06 

83 0.0720 5.98 0.0010 0.08 

126 0.0720 9.07 0.0010 0.12 

(1) The KOC was imported from U.S. EPA document “Manual- Groundwater and Leachate Treatment Systems” (EPA/625/R-94/005). 
(2) The soil FOC value used in this evaluation was based on 72,000 mgkg (or 7.2 %) TOC concentrations from one 

groundwater samples (SSMW-10) result collected in May1998 (TtNUS, Aug 1998). 
(3) Kd = FOC x KOC, U.S. EPA, December 1996, Soil Screening Guidance Users Guide. 
(4) The groundwater FOC values were based on results from Natural Attenuation Study (TtNUS, Aug 1998). A geometric mean foe value was used 

for modeling. 
(5) Half-lives were taken from literature values (Howard 1991). 



final-rgo3.xls 

TABLE C-4 

GROUNDWATER CRITERIA PROTECTIVE OF SURFACE WATER AND SEDIMENT 

SWMU g CORRECTIVE MEASURE STUDY 

NAVAL AIR STATION, KEY WEST, FLORIDA 

Partitioning Retardation Surface Water Groundwater Criteria Sediment Groundwater Criteria 

Chemicals of Concern 
Coefficient Factor Criteria”’ Protective of Criteria”’ Protective of 

‘Kd Rd Surface Waterf2) Sediment (3) 
(L/kg) (ug/L) (ug/L) (@kg) (ug/L) 

Cis-1,2-Dichloroethene 0.05 1.24 11,600 14,385 23 460 

Trans-1 ,PDichloroethene 0.06 1.29 1,350 1,740 62,000 1.03x lo6 

Benzene 0.08 1.41 71 100 57 712.5 

Trichloroethene 0.12 1.62 81 131 1,600 13,333 

Notes: 
(1) Surface Water and Sediment Criteria are the most restrictive ARAR or SAL values (Supplemental RFVRI Report, 1997). 
(2) Groundwater Criteria Protective of Surface Water are calculated by multiplying the surface water criteria by 

their corresponding Rd (retardation factor). 
(3) Groundwater Criteria Protective of Sediment are calculated by dividing the sediment criteria by 

their corresponding Kd (partitioning coefficient). 



TABLE C-5 

SUMMARY OF PHYSICAL AND GEOLOGIC PARAMETERS 

SWMU 9 CORRECTIVE MEASURE STUDY 

NAVAL AIR STATION, KEY WEST, FLORIDA 

\ 
J 

.krgo3.xls 

Chemical 
of 

Concern 

Cis-1,2-Dichloroethene 

Trans-1,2-Dichloroethene 

Benzene 

Trichloroethene 

Source Area(‘) 

Length Width 
(ft) m 

130 190 

130 190 

145 85 

110 130 

Shallow 
Aquifer 

Thickness’*’ 
(ft) 

27 

27 

27 

27 

Unsaturated Hydraulic Distance to 
Zone Conductivityr4’ 

Mixing 

Thickness (3) 
(ft/dKa y) 

Depthr5’ Exposure Point”’ 
(Surfacewater Pond) 

P) et) (ft) 

2 4.62 27 60 

2 4.62 27 60 

2 4.62 27 95 

2 4.62 27 87 

(1) Source area size was based on the reported 1998 groundwater concentrations in the surficial aquifer (Figures B-4, and TINUS, August 1998). 

(2) Shallow surficial aquifer thickness is based on the RFVRI (B&R, July 1997). 

(3) The unsaturated zone thickness is based on the water table elevations presented in the RFVRI (B&R, July 1997). 

(4) A geometric mean K value from pumping tests in the surficial aquifer was selected for modeling (Table B-2). 

(5) The mixing depth was calculated based on equations presented in the reference for ECTran model (Chiou et al, 1993). 

(6) Measured from the edge of the source area to the surface water pond (Figure B-4). 

(7) Measured from the edge of the source area to the new sentry well (Figure B-4). 

Distance to 
New Sentry Well’7’ 

WI 

15 

15 

50 

45 



ATTACHMENT C.l 

RESULTS OF GROUNDWATER FATE AND TRANSPORT MODELING; 



GROUNDWATER RGO PROTECTIVE OF SURFACE WATER 



/--w 

ZTran Version 2.0 for Excel 4.0 6 5.0 

opyright 1997 

TE: SWMU 9, NAS.Key West: GH RGO 

BRO\\‘N 6: ROOT ENVIRONMENTAl. 

INVESTIGATOR: LK DATE: j. BOWL 

LEACHATE CONCENTRATION (YESNO) ” 

CONSTANT CONCENTRATION (YES.NO)1 

‘ECIFIC ACTIVITY (0/s) 

SOCRCE-TERM INFORIMATIOS 

I (L/KG) 

EPLETING SOURCE, 

WASTE CHARACTERISTICS 

,N,T,AL SOLID-PHASE CONCENTRATION (MG/KG) 

lNP”T FOLLOWING PARAMETERS 

THICKNESS fFT) 

SATURATION RATE 

POROSITY 

BULK DENSll-Y (G/CM”3) 

I 00 

3 S3E+OO 

0 ooE+oo 

2 

06 

02 

IS 

ENG,NEER,NG CONTROL IiXFOHIlATlON 

INFILT(FT/YR) 

LENGTH (FT) 

WIDTH (FT) 

IS THERE A CLAY LINER LAYER (VES.NO)? 

THE FOLLOWING DATA ARE hOT IJSED IN THIS CALCULATION 

HOW MANY SUBLAYERS (I - IO)” 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G/CM”)) 

Kd (L/KG) 

i THERE A TYPE t LAYER (YESHO)? 

‘HE FOLLOWlNG DATA ARE NOT USED IN THIS CALCULATION 

OW MAhY SUBLAYERS (I - IO)” 

OTAL THICKNESS (L’P TO 30 FT) (FT) 

ATUKATION RATE 

OROSITY 

ULK DENSITY (G/CM^3) 

d (L/KG) 

<ITIAL SOIL CONC (MG,KG) 

NO 

6 

2 2cE+o I 

095 

02 

15 

1 OOE-05 

0 

IS THERE A TYPE 2 LAYER (YE&NO)? 

THE FOLLOWING DAT.4 ARE NOT USED IN THIS CALCLLATION 

HOW MANY SUBLAYERS (I - IO)” 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G/CM^?) 

Kd (L/KG) 

INITl.41. SOIL CONC lMG/KG) 

\TURATED LAYER 

,TAL SAT”R.4TED ZONE THICKNESS. B (FT) 

DRIZONTAL SEEP4GE \:ELOCITY. V (FTIYR) 

J (L/KG) 

IROSITY 

ERTICAL DISPERSIVITY. AZ (FT) 

3NGITUDINAL DISPERSIVITY. As (FT) 

4TERAL DISPERSIVITY. .4v (FT) 

IITIAI. CONC (&L) 

REDICTED IMPACTS: 

SATURATED LAYER CONCENTRATION 

FENCE LINE CONCENTRATION 

27 

8 99 

4 SOL-03 

03 

0 14 

60 

20 

6 OOOE+O4 

6 OOE+04 (UG/L) 

1 43E+04 (UG/L) 

VERTICAL SEEPAGE VELOCITY. VW (FT/YR) 4 48 

DOWNGRADIENT AREA INFILTRATION RATE, q (FTIYR) 0 

SPECIFY MIXING DEPTH (Computed from formula if input NO) 11” 

MIXING DEPTH, H (FT) 27 0 

TIME OF PUMPING STOP. P&T (YEARS) 0 

AGE (YRS). 0 

CONC IN UPGRADIENT GROL’NDWATER.CU? (UGIL) 0 

DISTANCE TO Fence Lmc 60 

TIME OF MAXIMUM (YR) 

” 

9 



I Version 2.0 for Excel 4.0 & 5.0 BROWN&ROOTENVlROSMENTAL 

‘o,,yrightl997 SCREENING-LEVELEXCELCRYSTALBALLTRANSPORT(ECTmn)MODEL 

ITE: SWMU O.NAS.Key West.GW RGO COUTAMINANT: sir-1,2-Dichlaracthrnf 

HALF-LIFE(YRS): 

LAYERZ: 792E+"0 

VVESTIGATOR: LI SATURATEDLAYER 7 9x5+00 

IATE: 518199 DOWNGRADIENT 7 92!5+00 lNlT,AL cost ("S/L) 6 OOEr04 

SATURATED LAYER 

\'FILT(FTNR) 0 83 B (FT) 27 ".m(FT,YR) 4 48 

ENGTH WT) 130 GW 43 (UDAY) 2 66EC", 

,TDTH(FT) 19" Kd(LKG) 4 SOE-02 GWV.(FTNR) s 99 Kd(L,KG) 0 04802 

OROSITY 1 03 SATURATION I 00 H VT 27 000" RETARDITIOX I2401 

OROSITYSAT LAYER 03 THICKNESS(FT) 27.00 EFF POROSITY 03" q U=Th'R) 0 

IENSITY 2 (GKM3) 15 DECAY (I!DAYT 240E-04 DISPERSIVITY DECAY,I;,'R, 8 BE-"? 

IE~'SITYGMA(G/CM~) I50 CBo(PPB) 6 ool2+04 AZ (FT) 0 I4 

CUZ(PPB) 0 OOE+oO Ax F-U 600 P&T,YEARS) 0 

\GE(YEARS) 0 QI(L/DAY) I59E-03 QZ(L/DAY) I 07E+03 AY (F-T) 2 00 DISTAKCE TOF L (FT) 6" 

lIMElNTERVAL(YRS) 18 SOURCEAREACONC(GMA) FENCELINECONC 

;LAPSEDTIME- YRS LAYERZCPPB) (UGfL) (UG.'L) 

.O OOOE+00 80@E+04 flOOE+OO 

18 OOOE+OO 3 99E+04 465E+OO 

36 0 OOE+OO 2668+04 ,31E+O; 

54 OOOE-0" 1778+04 676E+O3 

72 O.OOE+OO I lSE+04 

9 

, 22E+04 

O.OOE+OO 7,85E+O3 I43E+O4 

108 OOOE+OO 5 23E-03 ,36E+04 

12.6 0 ooE+oo 348E+03 , lsE+o4 
144 OOOE+OO 2.32E+O3 900E+O3 

16.2 O"OE+OO I54E+03 67lE-03 

18 OOOE+"O 103E+03 4 SE+03 

198 O.OOE+OO 684E+02 3.42E+"3 

216 OOOE-0" 4 5SE+02 2.38E+O3 

234 O.OOE-00 3 03E+O? ,63E+O3 
2s 2 O.OOE+OO 202E+O? 

27 

I IIE+O; 
OOOE+OO I34E*O? 7 53E+O3 

288 "O"E+OO 8,95E+"I 507I?+o2 

306 OOOE+OO 5.968+01 34lE+O? 

324 OOOE+OO 397E+OI 2 29!2+02 

34 2 OO"E+OO 2648+01 

36 

,53E-02 
0 ooE+oo 176E+01 IOZE+02 

378 OOOE+O" ,17E+OI 6.82E+Oi 
396 0.00E+"0 779E+OO 455E+OI 
414 0 ooE+oo 5 19E+OO 3 "iE+OI 
43 2 OOOE-00 345E~O" ?O?E+OI 

45 OOOE+OO 2 3OE+OO I35E+OI 
468 OOOEtOO l53E+O" 8 9BE"nn 
48.6 0 ooE+oo I O?E+OO 598E+OO 
so 4 "OOEiOO 6 79E-01 39SE'O" 
522 OOOE+OO 4 S2E-01 

54 
265E+o" 

OOOE+"O 3 OIE-01 ,77E+00 
55 8 O.OOE+OO 2 OOE-01 I ISE-0" 
576 "OOE-00 I33E-01 7 83E-01 
594 "OOE+OO 8.88E-"2 5 22Edl 
61 2 OO"E+OO 5 OIE-02 

63 
3 47E-01 

O"OE+OO 3 94E-02 33lE-01 
64 8 OOOE+OO 2 62E-"2 ,54E-01 
666 OO"E+OO 1 75E-02 , 025a, 
684 OOOE+OO I l6E-02 682E-02 
702 0 ooE+"o 7 74E-03 4 54E-02 

72 O.OOE+OO 5 15E-"3 3 03E.02 
7: 8 "OOE-00 3 43~."3 2 OlE-02 
75 6 OOOE+OO 228E-"3 i 348-02 
774 O"OE+OO ,52E-"3 8 93E-"3 
19.2 OOOE+OO I OIE-03 595E-03 

81 OOOE+"O 6 74E-"4 3 96E-"3 
828 OOOE+OO 449E-04 264E-"3 
846 OOOE+OO 2 99E-04 ,75E-03 
864 OOOE-00 1 99s04 I I7E-"3 
882 OOOETOO I32E-04 

90 
7 7%."4 

O.OOE+OO 8 SE-05 5 ISE-04 

MAXIMUM "O"E+OO 600E+"4 ,43r?+04 



3Trnn Version 2.0 for Excel 4.0 61 5.0 

BROWi & ROOT ENVIROSMENTAL 
opyright 1997 

TE: SW.MU 9. NAS.Key West; GW RCO INVESTIGATOR: LK DATE: 5 6 ‘W 

ITERATIVE DECISION-MAKING BOS 

EXPOSURE POINT (UNDERS. FL) LEACHATE CONCENTRATION (YES.NO) ’ 

,NPCT SOLID-PHASE CONCENTRATION (\iG;KG) 

CONSTANT CONCENTRATION (YES.hO)’ 

‘ECIFIC ACTIVITY (C)/g) 

SOURCE-TERM INFORMATIOS ENGINEERIKG COSTROL INFORXl.4TIOX 

I 00 INFILT(FT/YR) s .3OE-01 

I (L/KG) 4 ?5E+oo 

LENGTH (FT) I30 

WIDTH (FT) 190 

EPLETING SOURCE 

IS THERE A CLAY LINER LAYER (YE&NO)? no 

WASTE CHARACTERISTICS 

INITIAL SOLID-PHASE CONCENTRATION (MG/KG) I .OOE-02 THE FOLLOR’ING D\TA ARE NOT USED IN THIS CALCULATION 

INPUT FOLLOWING PARAMETERS. HOW MANY SUBLAYERS (I IO)’ .J 

THICKNESS (FT) 7 TOTAL THICKNESS (UP TO 30 FT) (FT) IO 

SATURATION RATE 06 SATURATION RATE 0 9? 

POROSITY 0.2 POROSITY 02 

BULK DENSITY (GICM”3) I.5 BULK DENSITY (G/CM,‘;) I 7x 

Kd (L/KG) I OOE-05 

i THERE A TYPE I LAYER (YES,NO)? NO IS THERE A TYPE 2 LAYER (YE&NO)? SO 

‘HE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION THE FOLLOWING DATA ARE NOT USED IN THIS CALCIJLATION 

GW MANY SUBLAYERS (I 10)’ 6 HOW MANY SUBL.4YER.S (I - IO)” 5 

DTAL THICKNESS (UP TO 30 FT) (FT) 2 ZOE+Ol TOTAL THICKNESS (UP TO 30 FT) (FT) 20 

4TURATION RATE 0 95 SATURATION RATE 0 13 

3ROSITY 02 POROSITY 03 

ULK DENSITY (G/CM:) I 5 BULK DENSITY (G!CM”3) 15 

d (L/KG) I DOE-05 Kd (L/KG) I OOE-tl’ 

IITIAL SOIL CONC (MG/KG) 0 INITIAL SOIL CONC (MG:KG) 0 

4TURATED LAYER 

OTAL SATURATED ZONE THICKNESS. B (FT) 27 VERTICAL SEEPAGE VELOCITY. Vro (FT/YR) 4 48 

ORIZONTAL SEEPAGE VELOCITY. V (FT/YR) 8 99 DOWNGRADIENT AREA INFILTRATION RATE. q (FT/YR) 0 

d I L/KG) 5 78E-02 SPECIFY MIXING DEPTH (Computed from furmula If inpir NO) 110 

OROSITY 0; MIXING DEPTH. H (FT) 27 0 

ERTICAL DISPERSIVITY. AZ (FT) 0 I4 TIME OF PUMPING STOP, P&T (YEARS) 0 

DNGITUDINAL DISPERSIVITY. Ax (FT) 60 AGE (YRS) 0 

ATERAL DISPERSIVITY. Ay (FT) 20 COSC IN UPGRADIENT GROUNDWATER,CUZ (UC/L) 0 

<ITIAL CONC (“g/L) 7 6OOE+O3 DISTANCE TO Fence Lme 60 

REDICTED IMPACTS: TIME OF MAXIMI’M (YR) 

SATURATED LAYER CONCENTRATION 7 60E-03 (IJG/L) 0 

FENCE LINE CONCENTRATION I .74E+03 (UG/L) 9 



Version 2.0 lor Excel 4.0 & S.0 BROWN % ROOT ENVIRONMENTAL 

opyight 1997 SCREENING-LEVEL EXCELCRYSTAL BALL TRANSPORT (ECTmn) MODEL 

ITE: SWMU 9.NAS.Key West.GW RGO CONTAllIhANT: tlnns-l,Z-Dirhlo~oerhenc 

HALF-LIFE (YRS): 

LAYER 2: 7 92E+OO 

qVESTIGATOR: LK SATURATED LAYER 792EqO 

ATE: S/8/99 DOWNGRkDIENT 792E+OO INITIAL CONC (us/L) 7 60E'03 

SATURATED LAYER 

JFILT(FTNR) 083 B F-U 27 "m(FT!YR) 44 

ENCTH(FT) 130 GWQ3(L/DAY) 266E+O3 

'IDTH(FT) 190 Kd(LKG) 5 78E-02 GW\' (FTNR) 8 99 Kd(L!KG) OO(78 

3ROSITY 2 0.3 SATURATIOK I 00 H F-U 27.0000 RETARDATlOh I 289 

3ROSITYSAT LAYER 0.3 THICkNESS(FT) 2700 EFF.POROSITY 030 q(FTMR) , 

ENSIT? 2(G!CM3) IS DECAY(liaAY) 24OE-04 DISPERSIVIT1 DECAY(IniR) 8 RE-0 

ENSlTY GMA(GiCM3) I so CBo(PPB) 760E+O3 AZ R-r) 0 14 

CUZ(PPB): O.OOE+OO Ax(FTI 6 00 P%T(YEARS) , 

,GE(YEARS) 0 QI (LDAY) I59E+03 QZ(L/DAY) I07ET03 AY UT 2 00 DISTA\'CE TOFL (FT) hi 

',MElNTER"AL(YRS) 18 SOURCEAREACONC(GMA) FENCELINECONC 

LAPSEDTIME- YRS LAYERZ(PPB) (UG/L) (CG'L) 

0 235E+00 7 6OE+O3 0 OOE+OO 

.I 8 , 79E+OO 5 IIE+03 3 7x-01 

36 136E+OO 3 43E+O3 I33E+O? 

54 104E+oo 2,3IE+O3 75lE+O2 

72 791E.01 I SSE+03 1428-03 
9 6 02E-01 l04E+03 174E+O; 

108 4 SSE-01 7OlE+O2 I70E+03 

126 3.49E.01 4 71E+02 1478+03 

144 2 66E-01 3 17E+O: I 17E+O3 

162 202E-01 2.138+02 892E+02 

18 1 54E-01 143Ei+02 6 5SE+O? 
19.8 I I'IE-01 9.62E+Ol 469Et02 
21.6 8 92E-02 647E+Ol 3 3 I E+02 
23 4 679E-02 43SE+Ol 2 jOEtO 
2s 2 5 17E-02 292E+Ol I SOE+OZ 

27 j 94E-02 I97E+OI IOOE'02 

28 8 3 OOE-02 I32E+OI 741E+OI 
30 6 228E-02 888E+OO S04E+Ol 
32 4 I 74E-02 5 97E+OO 3 4lE+OI 
342 i 32E-02 402E+OO 23lE+Ol 

36 i DIE-02 ?70E+OO I SbE'Ol 
378 766E-03 I82E+oo I05E+O, 
39 6 5 83E-03 ,22E+OO 708E+OO 
414 4448.03 821E-01 4 77E+OO 
432 338E-03 1 S2E-01 32iEtOO 

4s 2.~57%03 3 72E-01 2 16E-00 
46 8 1.96E-03 2 50E-01 14SE+oo 
48 6 ,49E-03 I68E-01 9 iOE-01 
F04 , l4E-03 I 13E-01 6 58E-01 
52 2 8 6SE-04 762E-02 4438.0, 

54 658E-04 5 13E-02 298E-0, 
5S.8 5 01s04 3 4SE-02 7OOE-0, 
576 3 82B04 2 33E-02 I iSE-01 
594 29lE-04 I S7E-02 907E-02 
612 2.2lE-04 , 06E-02 6 IIE-02 

63 ,688.04 7 IIE-0; 4 I IE-02 
64 8 I28E.04 4 SOE-03 2 77E-02 
66 6 9 76E-OS 3 24E-03 ,86E-02 
684 743sOS 2 IXE-03 I ?'I%02 
702 5 66sOS I47E-03 8 44E.03 

72 43,s05 996E-04 5 68E-03 
73 8 3 28E-OS 6 73E-04 3 83E-0.3 
756 2 SOE-OS 4 S6E-04 2 58E-05 
774 19OE.05 3 08E-04 I74E.03 
792 14sOS 2 09s04 I 17E.03 

81 , IOE-OS , 42E-04 7 92E-04 
628 83%06 9G3E-OS 5 3SE-04 
$46 6386-06 6 52-05 3 6, E-04 
864 4 86E-06 446E-05 2 446.04 
882 3 7OE-06 3 04sas I OSE-04 

90 2 82E-06 208E.OS I 1x-04 

MAXIMUM ?iSE+OO 7 60E+O3 / 74bO3 
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rran Version 2.0 ior Excel 4.0 6: 5.0 

BRO\VS 6: ROOT ESVIRON~lENT.41~ 

E: SWMU 9, NASXey West; CW RGO INVESTIGATOR: LK 

ITERATIVE DECISION-MAYING BOX 

LEACHATE CONCENTRATION (YEShO) ’ 

lNPUT SOLID-PHASE CONCEhTR>\TION (XIG’KG) 

CDNSTANTCONCESTRATIO~ (YESNO)” 

SOURCE-TERM INFORMATION 

L/KG) 

‘LETING SOURCE 

WASTE CHARACTERISTICS 

INlTlAL SOLID-PHASE CONCENTRATION (MG/KG) 

,NP”T FOLLOWING PARAMETERS 

THICKNESS (FT) 

SATURATION RATE 

POROSITY: 

BULK DENSITY (G/CM”3) 

I 00 

5 98E+oO 

0 00!3+00 

3 

06 

02 

15 

ENGINEERING CONTROL INFORIIATIOS 

INFILT(FT/YR) 

LENGTH (FT) 

WIDTH (FT). 

IS THERE A CLAY LINER LAYER (YES.NO)? 

THE FOLLOWlNG DATA ARE NOT USED IN THIS CAL~CULATIOEI 

HOW MANY SUBLAYERS (I - IO)’ 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G/CM”)) 

Kd (L/KG) 

s 3OE-(II 

145 

85 

“C 

3 

IO 

0 95 

02 

I 78 

I OOE-Oi 

WERE A TYPE 1 LAYER(YES,NO)? 

E FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

W MANY SUBLAYERS (I - IO)” 

TAL THICKNESS (UP TO 30 FT) (FT) 

ftiRATlON RATE 

7OSlTY 

LK DENSITY (G/CM^3j 

(L/KG) 

TIAL SOIL CONC (MGIKG) 

NO 

6 

2 ?OE~O I 

0 95 

02 

I5 

I OOE-05 

0 

IS THERE A TYPE 2 LAYER (YES,NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCLlLATlON 

HOW MANY SUBLAYERS (i - 10)” 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SIZTURATION RATE 

POROSITY 

BULK DENSITY (G/CM^3) 

Kd (l.!KG) 

INITIAL SOIL CONC (MC/KG) 

NC 

5 

20 

0 I3 

0 3 

I 5 

I OOE-0’ 

0 

TURATED LAYER 

TAL SATURATED ZONE THICKNESS, B (FT) 

RlZONTAL SEEPAGE VELOCITY. V (FT/YR) 

L/KG) 

:OSITY 

LTICAL DISPERSIVITY. AZ (FT) 

<GITLIDINAL DISPERSIVITY. Ax (FT) 

‘ERAL DISPERSIVITY. Ay (FT) 

rlAL CONC (u$L) 

SDICTED IMPACTS: 

SATURATED LAYER CONCENTRATION 

FENCE LINE CONCENTRATION 

27 

8 99 

8 l3E-02 

0 3 

0 I4 

95 

32 

I ?bOE+O? 

I 26E+04 (UG/L) 

I .OOE+02 (UGIL) 

VERTICAL SEEPAGE VELOCITY, Vzo (FT/YR). 4 4s 

DOWNGRADIENT AREA INFILTRATION RATE. cl (FTIYR) 0 

SPECIFY MIXING DEPTH (Computed from formula if I”,,,., NO) “” 

MIXING DEPTH, H (FT) 27 0 

TIME OF PUMPING STOP. P&T (YEARS) 0 

AGE (YRS) 0 

CONC Bi UPGRADIENT GROUNDWATER.CUZ (UG/L) 0 

DISTANCE TO Fence Line OF 

TIME OF MAXIMUM (YR) 

0 

9 



Version 2.0 for Excel4.0 & 5.0 BROWN % ROOT ENVIRONMENTAL 

‘opyright 1997 SCREENING-LEVEL EXCEL-CRYSTAL BALLTRANSPORT (ECTmn) MODEL 

ITE: SWMU 9.N.4S.Key West,GW RGQ CONTAMINANT: Benzenr 

HALF-LIFE (YRS): 

LAYER 2: 7 ooE+oo 

VVESTIGATOR: LK SATURATED LAl’ER 2 ooE+oo 
ATE: SW99 DOWNGRADIENT 2 OclE+oO 1taT1.4L CONC (ugR, , 26Et04 

SATURATED LAYER 

;FILT (FTWR) 0 83 B rn 21 Vm(FTYK) .I 4: 

ENGTH(FT) I45 GWQ3(L:DAY) 1278-03 

‘1DTHcF-T) 85 Kd(LR;Gl 8 13E-02 GW” (FT’YR, 8 09 Kd(L,‘KG) 00813. 

DROSITY 2 03 SATURATlOY I 00 H (FT) 27 0000 RETARD&lIOS I JO6 

DROSITYSAT LAYER 03 THICKNESS(FT) 2700 EFF POROSITY 030 q(FT,VR) l 

ENSITY ?(G:CM3) 15 DECAY(liDAY) 0 SOE-“4 DISPERSIVITY- DECAY(I?IR) i (L-0 

EUSiTYGMA (G:CM3) I50 CBo(PPB) I 26EL04 .Az(FTI 014 

CL? (PPB) 0 oOEtoO Ax WW 9 5” P&T(Y.EARS) c 

.GE(YEARS) 0 Ql (Lfl)AY) 7948+02 QZ (L/DAY) 4 80E+o2 Ay(FT) 3 17 DISTANCE TOFL (FT) U! 

‘IMEINTER\‘AL(YRS) IS SOURCEAREACONC(GMA) FENCELINECONC 

LAPSEDTIME-YRS LAYER2(PPB) KGL) (L’G:I.) 

0 OOOE+OO l.?6E+w 

1,s 

0 OOETOO 

OOOE+OO 547E+03 

36 

5 SSE-“5 

OOOE+OO 2.388+03 

54 

I20E-rOO 

OOOE+OO ,03E+03 

72 

233E-01 

OOOE+OO 448E+02 7.llE+OI 

9 000E+00 194E+O? 

108 

I OOE+OZ 

O.OOE+00 844E”Ol 964E+OI 

126 O.OOE+OO 3.66E+ol 

144 

740E+Oi 

OOOE*OO 159E+OI 

16.2 

494E+Ol 
0 OOErOO 69lE+OO 

18 

2 WE+0 I 

OOOE+OO 3 OOE+OO 

I9 8 

170E+Ol 

OOOE+OO I30E+OO 

21 6 

9.14E+OO 

0 ooE+oo 5 65E-01 

23 4 

4758-00 
O.OOE+OO 2.458-01 240Etoo 

25 2 O.OOE-00 ).07E-01 
27 

I lsE+oo 
OOOE+OO 4,63E-02 

28 8 
5 72E-01 

OOOE+OO 20lE-02 2 738.01 
30.6 OOOE+00 8 728-03 1.28E-OI 
324 OOOE+OO 3 79E-03 

34.2 
5 98E-02 

OOOE+OO I 648-03 276E-02 

36 OOOE+OO 7 13E-04 

378 
I27E-02 

OOOE-00 3 IOE-04 

396 
5 77E-03 

OOOE+OO I j4E-04 2 6iE-03 
414 OOOE+OO 9 84E-OS 

43 2 
I 18E-03 

OOOE+OC 253E-OS 

45 
5296-04 

OOOE+OO I IOE-OS 

468 
2 36E.03 

OOOE+OO 4 78E-06 

486 
IO5E-04 

OOOE+OIl 2 07E-06 

504 
4 69E.05 

OOOE-00 9.0lE-07 

52 2 
2OSE-05 

O.OOE+OO 3 OIE-07 

54 
920E.06 

OOOE+OO I70E-07 

55.8 
4 06E-06 

OODE+00 7 37E-OS 

57 b 
I 79E-06 

OOOE+OO 3 2OE-08 

594 
789E-07 

OOOE+OO 139E-08 

612 

3 47E.07 
OOOE+OO 6 03E-09 I S2E.07 

63 OOOE-00 262E-09 

64 8 
668E-08 

OOOE+OO I 14~.09 294E-08 
666 0 ooE+oo 494E-IO 

68 4 
I 288-08 

OOOE+OO 2 14)sIO 
702 

5 SSE-09 
OOOE+OO 93lE-II 2 4lE-09 

72 OOOE+OO 404E.II I OSE-09 
73 8 OOOE+OO l7SE-Ii 
756 

4 S4E-IO 
0 OOE-00 7628-12 

774 
I97E.IO 

0 ooE+oo 3 jlE-I? 
792 

8 56E-1 I 
OOOE+OO 144s12 

81 
? 7OE.I 1 

OOOE+OO 6 23C-I3 
82 8 

I 636-Ii 
OOOE+OO 27lE-13 684E-I2 

846 OOOE+OO I 17)s13 
864 

3 15E-I? 
OOOE+QO 5 IOE-14 

882 
149E-12 

O.OOE+OO 2,21E-14 
90 

4 72E.I3 
0 ooE+oo 961E-15 I 57E-I3 

MAXIMUM OOOE+OO I26E+O4 I OOE+02 
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~~rnn Version 2.0 for Excel 4.0 & 5.0 

opyright 1997 

BROWN 6: ROOT ENVIRONMENTAL 

ITE: 

ITERATWE DECISIOS-RlAKING BOX 

LEACHATE CONCENTRATION (YES.NO) ’ 

,NPUT SOLID-PHASE CONCENTR.ATlON (MGIKG) 

CONSTANT CONCENTk4TION (YES.N0)7 

PECIFIC ACTIVITY (Ciis) 

SOURCE-TERM INFORMATION 

e 

I (L/KG) 

IEPLETING SOURCE. 

WASTE CHAR4CTERfSTICS 

lN,T,AL SOLID-PHASE COtiCEfiTRATlON (MG/KG) 

INPUT FOLLOWIP;G PARAMETERS 

THICKNESS (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G/CM”3) 

1 00 

9 07E+OO 

0 OOELOO 

2 

06 

01 

15 

ENGISEERIKG CONTROL INFOKMATIOT 

INFILT(FT/YR) 

LENGTH (FT) 

WIDTH (FT) 

IS THERE A CLAY LINER LAYER (YES.NO)? 

THE FOLLOWlNG DATA ARE NOT L’SED IN THIS CALCULATIO\ 

HOW’ MANY SUBLAYERS (I - IO)” 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G/CMA3) 

Kd (L/KG) 

S THERE A TYPE I LAYER (YES.NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

,OW MANY SUBLAYERS (/ i0)” 

.OTAL THICKNESS (I!P TO 30 FT) (FT) 

,ATURATlON R.4TE 

‘OROSITY 

SULK DENSITY (G/CM*?) 

:d (I.!KG) 

YITIAL SOIL CONC (MGIKG) 

NO 

6 

2 ?OE+ol 

0 9s 

02 

IS 

I OOE-OS 

0 

IS THERE A TYPE 2 LAYER (YE&NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

HOW MANY SUBLAYERS (I - IO)? 

TOTAL THICKNESS (UP TO 30 FT) (FT) 

SATURATION RATE 

POROSITY 

BULK DENSITY (G/CM’?) 

Kd (L/KG) 

IKITIAL SOIL CONC (MGIKG) 

NO 

5 

20 

0 I3 

0.3 

IS 

I OOE-OS 

0 

ATURATED LAYER 

OTAL SATURATED ZONE THICKNESS. B (FT) 

ORIZONTAL SEEPAGE VELOCITY. V (FT/YR) 

d (L/KG) 

OROSITY 

‘ERTICAL DISPERSIVITY, AZ (FT) 

ONGITUDIUAL DISPERSIVITY. Ax (FT) 

ATERAL DISPERSIVITY. Ay (FT) 

\;ITIAI. CONC iudl., 

‘REDICTED IMPACTS: 

SATURATED LAYER CONCENTRATION 

FENCE LlNE CONCEhTRATION 

27 

8 99 

1 23501 

03 

0 14 

E7 

29 

2 7?OE+03 

2 72E-03 (UC/L) 

I 3 I E+O? (UG/L) 

VERTICAL SEEPAGE VELOCITY. Vzo (FT/YR) 4 4s 

DOWNGRADIENT AREA INFILTRATION RATE, ‘I (FT/YR) 0 

SPECIFY MIXING DEPTH (Computed from formula If mput NO) no 

MIXING DEPTH, H (FT) 27 0 

TIME OF PUMPING STOP, P&T (YEARS) 0 

AGE (YRS) 0 

CONC ,N UPGRADlEhT GROUNDWATER.CU? (UG:L) 0 

DISTANCE TO Fcncc Line 67 

TIME OF MAXIMUM (YR) 

0 

I 2 6 



Version 2.0 for Excel 4.0 & 5.0 BROWN B ROOT ENVIRONMENTAL 

clpyright 199; SCREENING-LEVEL EXCELCRYSTAL BALL TRANSPORT (ECTmn) MODEL 

ITE: SWMC 9, NAS.Key West. GW RW CONTAMINANT: Trichloroethene (TCE) 

HALF-LIFE (YRS): 

LAYER 2: 4 SOE-00 

YVESTIGATOR: LI SATURATED LAYER 4 SOE+OO 

ATE: 5!8!99 DOWNGRADIENT 4 50EMO INITIAL COhC (q/L) 2 :zF+3 

SATLIRATED LAYER 

4FILT (FT/‘YR) 0 a3 B WI 27 \,zo (FTYR, 4 -I! 

ENGTH (IT) II0 GWQ3 (L/DAY1 1 fkE+03 

‘IDTH (FT) 130 Kd (L/KG) ,.23E-01 GW V (FT,YR) 8 90 hd (L’KG) 0 12341 

3ROSITY 2 03 SATURATION j 00 l-1 VT 27 000” RETARDATlOU ,617‘ 

3ROSITY SAT LAYER 03 THICKNESS (FT) 27 0” EFF. POROSIT’I 0 30 q (FT!YR) ( 

ENSlTY 2 (G!CM3) 15 DECAY (IIDAY) 422E-“4 DISPERSIVITY DECAY (1 TX) 1 ‘LO 

EhSlTY GMA (GJCMS) I 50 CBo (PPB) 2 72E+03 AZ (FT) 0 is 

CUZ (PPB) 0 OOE+OO Ax (FT) 8 70 P&T (YEARS) 

&GE (YEARS) 

< 

0 Ql (L/D.&Y) 9.?IE-02 Q2 (LJDAY) 7 34E+02 A? VT 2 40 DlSTAhCE TO F L (FT) 8’ 

IME JUTERVAL (YRS) 18 SOURCE AREA CONC.(GMA) FENCE LINE CONC 

LAPSED TIME - YRS LAYER 2(PPB) (UG:L) IUG’L) 

P 0 OOE+OO 2’72E+03 0 ooE+oo 

18 0 OOE+OO I 688+03 5 8lE-06 
36 0 OOE-DO 1 04Ei03 2 *SE-01 

54 O.OOE+OO 6.40E+O2 8 86E+OO 

72 0 OOE+OO 3,9SE+O2 4 04E+OI 
9 0 OOE+OO 2 44E+02 8 42EiOl 

108 0 OOE+OO I51E+02 I ISE-02 

126 0 OOE+OO 9 30E+Ol I3,EiOZ 

144 0 ooE+oo 5 74E+O I I ?6E+02 
162 0 OOE~OO 3 54E+OI I IOE+02 

18 O.OOE+OO 2 19E+Ol 9 OOE+Oi 

198 0 OOE+OO I .3SE-01 6 97E+“i 

?I 6 0 OOE+OO 8.348+00 5 19E+OI 

23 4 0 ODE+00 5 ISE+OO 3 76E+O I 

25 2 0 OOE+OO 3 lSE+OO 2 65E-0 I 

27 0 OOE+OO i 96EcOO 1 s‘lE*OI 

28 8 0 OOE-00 I2lE+OO I 25E+OI 

30 6 0 OOE+OO 7 48E-0 I 8 44E+OO 

:2 4 0 OOE+OO 4 62E-01 5 O?E+OO 
34 2 0 OOE+OO 2 85E-01 3 7,EtOO 

36 0 OOE+OO I 76E-01 2 43E’OO 

3? 8 0 OOE+OO I 09E-01 1.58E-00 
396 0 ooE+oo 6 70E-02 I OZE+oo 

41 4 0 OOE+OO 4 14E-02 6 58E.0, 

43 2 0 OOE’OO 2 56E.02 4 22E-01 
45 0 OOE-00 I 58E-02 2 69E.01 

46 8 0 OOE+OO 9 74E-03 I7,E.01 

48 6 0 OOE+OO 6OIE-03 I 09E.O I 

50 4 0 OOE+OO 3 7lE-03 6.87E-02 

52 2 0 OOE+OO 2 29E-03 4 33E-02 

54 OOOE+OO I41E-03 2 73E-02 
55 8 O.OOE+OO 8 73E-04 I 72E-02 
57 6 0 OOE+OO 5 39E-04 1 OXE-02 

59 4 0 OOE+OO 3 33E-04 6 74E-03 

61 2 0 ooE+oo 2 OSE-03 

63 

4 22E-03 
0 OOE+OO I 27E-04 2 64E-03 

64 8 0 OOE+OO 7 83E-05 I 65E-03 
66 6 0 OOE+OO 4 838.05 I 03E-03 

68 4 0 OOE-00 2.988-05 C>4OE-04 
70 2 0 ooE+oo I 84E-05 3 98E-04 

72 OOOE+OO I 14E-0’ 2 48E.04 
73 8 0 ooE+oo 7 02E-06 I SJE-04 
75 6 0 ooE+oo 4 34E-06 9 57E-05 
77 4 0 ooE+oo 2 68E-06 5 94E-05 
79 2 0 ooE+oo I 65E.06 3 69E-05 

81 0 OOE-00 I 02E-06 2 29E-05 
82 8 0 OOE+OO 6 30E-07 I 428.05 
84 6 0 ooE+oo 3 89E-07 S 79E-06 
86 4 0 OOE+OO 2 JOE-07 5 45E:-06 
88 2 0 ooE+oo I 48E-07 3 37E-06 

90 0.00E+00 9 1 SE-08 2 09E-06 

MAXIMUM 0 OOE+OO 2 728+03 I.3lE+O2 
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E( r 3Tran Version LO for Excel 4.0 & 5.0 

opyright 1997 

TE: 

BROWN & ROOT ENVIRONMENTAL 

INVESTIGATOR: LK DATE: 37199 

ST4MNANT: 

4LF.LIFE (YRS): 

SURE POINT: (IJNLERS, FL) 

SEDIMENT CRITERIA (UG/KG): 

INPUT SOLID-PHASE CONCENTRATION (MGKG) 

TRY NEW GOAL: 

NO 

0.LXWE+00 

NO 

O.COE+00 

DECREASE 

:: 

(UKG): 

EPLETING SOURCE: 

WASTE CHARACTERISTICS: 

INlTIAL SOLID-PHASE CONCENTRATION (MG/KG): 

INPUT FOLLOWING PARAMETERS: 

THICKNESS (FT): 

SATURATION RAm 

POROSITY: 

BULK DENSITY (G/CM”S) 

3.53EiOO 

O.oOE+OO 

NFlLT(l=fNR): 

LENGTH (Ff): 

IS THERE A CLAY LINER LAYER (YBS,NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

HOW MANY SUBLAYERS (I - lo)? 

TOTAL THICKNESS (UP TO 30 FT) (FT): 

SATURATION RATE: 

POROSITY: 

BULK DENSITY (G/CM?): 

8.30E.01 

130 

190 

“ll 

3 

IO 

0.95 

0.2 

1.78 

l.COE-0.5 

THERE A TYPE 1 LAYER (YRS,h’O)? IS THERE A TYPE 2 LAYER (YE&NO)? NO 

OW MANY SUBLAYERS (1. lo)? 

>TAL THICKNESS (UP TO 30 FT) (FT): 

\TURATION RATE: 

JROSII’Y: 

ULK DENSITY (GICM”3) 

d (UKG): 

HOW MANY SUBLAYERS (1. lo)? 5 

2.2OEcOl TOTAL THICKNXS (UP TO 30 IT) (F-I’): 20 

SATURATION RATE: 0.13 

0.3 

BULK DENSITY (WCM”3) 1.5 

l.COE-05 I.oOE-05 

0 

\TURATED LAYER 

,TAL SATURATED ZONE THICKNESS, B (FT): 

ORIZONTAL SEEPAGE VELOCITY. V (FDYR): 

d (L’KG): 

1ROSlTY: 

ERTICAL DISPERSIVITY, AZ (F-f): 

3NGITUDINAL DISPERSIVlTY, Ax 0: 

4TERAL DISPERSIVITY, Ay (Fl-): 

IITIAL CONC. @g/L): 

RRDICTED IMPACTS: 

SATURATED LAYER CONCENTRATION: 

FENCE LINE CONCENTRATION: 

21 

8.99 

4.8OE.02 

0.3 

0.14 

6.0 

2.0 

1.930E+O3 

1.93E+O3 (UGA.) 

4.61E+O2 (lJG/L) 

VERTICAL SEEPAGE VELOCITY, Vzo (FDYR): 4.48 

DOWNGRADIENT AREA INFILTRATION RATE, 9 (FTJYR) 0 

SPECIFY MIXING DEPTH (Computed from formula if inpt NO) no 

MIXING DEPTH. H (F-f): 27.0 

TIME OF PUMPING STOP, P&T (YEARS): 0 

AGE (YRS): 0 

CONC. IN UPGRADIENT GROUNDWATBR.CUZ (UGA.) 0 

DISTANCE TO Fence.Line.: 60 

TIM3 OF MAKIMUM (YR) 

0 

9 
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n “ersmn 2.0 for Excel 4.0 & 5.0 BROWN & ROOT ENVIRONMENTAL 

:apyi*t 1997 SCREENING-LEVEL EXCEL-CRYSTAL BALL TRANSPORT (ECTran) MODEL 

8ITE: 

NVESTIGATOR: 

>ATE: 

s;; Wcrt ~ 

SATURATED LAYER 

V”LT (FTIYR): 0.63 B Fl-1: 27 v7.c IFrNRj: 4.a 

.ENGTH @-I-,: 130 GW 43 (L/DAY): 2.66EcO3 

ti,DTH (F-0: 190 Kd (UKG): 4.X08-02 GW V. (FTIYR): x.99 Kd<“KGI 0.04801 

OROSITY 2: 0.3 SANRATION: 1.00 H cm): 27.oooo RFI‘ARDATION: I.2401 

OROSITY SAT. LAYER: 0.3 THICKNESS (FI,: 27.00 EFF. POROSITY: 0.30 q (FTsYR): c 

,ENyY 2 (GKM3): 1.5 DECAY (IIDAY? 2.408-04 DISPERSIVITY: DECAY (1IyR): 8.SE-O? 

,ENS”-Y GMA (GiCM3): 1.50 CBo (PPB): 1.93!2+03 AZ (rn: 0.14 

CUZ (PPB): 0.ooE+oo Ax (FT): 6.00 P&T (YEARS): C 

\GE (YEARS): 0 Q, IL/DAY> I .59E+O3 Q2 &DAY): 1.07E+O3 Ay P-i?: 2.00 DlSTANCE TO F.L. ,FTx 6[ 

TIME INTERVAL (YRS) 1.x SOURCE AREA CONCiGMAI FENCE LINE CONC. 

iLAPSED TIME. YRS LAYER 2(PPB) (UG/L) WGLZ) 

0 o.ooK+oo 1.93E+O3 O.oOE+@l 

1.8 O.COE+CO 1.2X8+03 1.5OE.01 

3.6 O.C0!&03 6.56E+Cf2 4.22641 

5.4 o.00E+co 5.7OE+O2 2.1XE+O2 

7.2 O.OOE+OO 3.79E+O2 3.918+02 

9 O.oOE+M) 2.53E+02 4.61E+02 

10.8 O.oOE+OO 1.6XE+O2 4.3XB+02 

12.6 0.00E+@l l.l2E+O2 3.7OEto2 

14.4 o.coE+o9 7.45E+Ol 2.X9&02 

16.2 O.OOE+CO 4.96E+01 2.16E+O2 

1X O.COE+CO 3.30E+Ol l.%E+O2 

19.8 O.COE+oO 2.20E+Ol l.lOE+O2 

21.6 O.OOE+oO 1.46E+Ol 7.64E+Ol 

23.4 O.oOE+OO 9.75E+CC 5.25E+Ol 

25.2 O.OOE+OO 6.49Etoo 3.58E+OI 

2-l o.aoE+oo 4.32E+oO 2.42E+Ol 

2X.8 O.M1E+OJ 2.8XE+OO 1.63E+Ol 

30.6 O.OOE+CG 1.92E+00 l.lOE+Ol 

32.4 O.oOE+oO 1.28E+00 7.35Et00 

34.2 O.OOE+OO 8.49E.01 4.92EcoO 

36 O.oOE+CO 5.66E-01 3.298+00 

37.8 O.KE+OO 3.77E-01 2.19E+00 

39.6 O.oOE+fXl 2.51E.01 1.46E+CO 

41.4 O.OOE+oO 1.67E.01 9.76E.01 

43.2 O.C0E+00 l.llE-01 6.51E-01 

45 O.COE+oo 7.4OE.02 4.34s01 

46.8 O.oOE+OO 4.938-02 2.X98-01 

4X.6 O.OOE+oO 3.288-02 1.92E.01 

SO.4 O.o(IE+M) 2.1X8-02 1.2XE-01 

52.2 O.COE+OO 1.45E-02 8.53E-02 

54 O.oOE+oO 9.68E-03 5.6XE.M 

55.8 O.OOE+OO 6.44E.03 3.78E-02 

57.6 O.GOE+03 4.298-03 2.5ZE.02 

59.4 O.OOE+OI 2.868-03 1.68B.02 

61.2 O.M)E+OO 1.90E-03 l.lZE-02 

63 O.OCIE+CO 1.278-03 7.44E-03 

64.8 O.COE+CO 8.43E.Od 4.95E.03 

666 O!XJE+OO 5.61E.04 3.30B-03 

68.4 O.OOE+M) 3.74E-04 2.2OE-03 

70.2 O.WE+OO 2.49~.04 1.46E03 

72 O.OOE+oo l&E-04 9.73~~04 

73.8 O.OOE+C0 l.lOE-04 6.48E-04 

75.6 O.WE+OO 7.358-05 4.31E-04 

77.4 O.OOE+OO 4.89E-05 2.878-04 

79.2 O.WE+OO 3.26E.05 1.91E.04 

81 O.OOE+oO 2.17E-05 1.278-04 

x2.x o.wE+cm 1.&E-05 8.488-05 

84.6 O.oOE+OO 9.61Fr06 S.&E-O5 

86.4 O.oOE+w 6.4OE-06 3.76E-05 

X8.2 O.COE+oo 4.26E.06 2.SOE.05 

90 O.COE+CO 2.848-06 1.67E-05 

MAXIMUM: O.oOE+W 1.938+03 4.618+02 
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CTran Version 2.0 for Excel 4.0 8; S.0 

:opyright 1997 
BROWN & ROOT ENVIRONMENTAL 

ITE: SWMU 9, NAs,K$y west INVESTIGATOR: LK DATE: 

xPoSL!E p0l.N~: (uNxxFs. FL) LEACHATE CONCENTRATION (YES.NO) ? NO 

ONTAMINANT tax-1.2-Dichloroethene ERS: Under source. FL: Fencehe DJPUT SOLID-PHASE CONCENTRATION (MGXG) 1.000E-02 

CRITERIA (UGIKG): NO 

ALF-LIFE (YRS): TRY NEW GOAL: 6.02B04 

DECREASE 

C: EXFlLT(FTNR): 8.30E-01 

I (UKG): 4.25E+cQ 

LENGTH @T): 130 

EPLETING SOURCE: 

WASTE CHARACTERISTICS: 

INITIAL SOLID-PHASE CONCENTRAllON (MGIKG): 

INPUT FOLLOWING PARAMETERS: 

THICKNBS 0-T): 

SATURATION RAE 

POROSITY. 

BULK DENSITY (GICM”3) 

190 

IS THERE A CLAY LINER LAYER (YES,NO)? no 

l.COE-02 TlIE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

HOW MANY SUBLAYERS (1 - IO)‘? 3 

TOTAL THICKNESS (UP TO 30 Fl”) (FT): 10 

SATURATION RATE: 0.95 

POROSITY: 0.2 

BULK DENSITY (G/CM?): 1.78 

1 .oOE-05 

5 THERE A TYPE 1 LAYER (YE&NO)? IS THERE A TYPE 2 LAYER (YESSIO)? NO 

iOW MANY SUBLAYERS (I - IO)? HOW MANY SUBLAYERS (1 - lo)? 5 

OTAL THICKNESS (UP TO 30 m) (FT): Z.ZOE+Ol TOTAL THICKNESS (Up TO 30 F-l-) (F-T): 20 

0.13 

0.3 

1.5 

1 .lOE-05 

0 

ATLIRATED LAYER 

OTAL SATURATED ZONE THICKNESS, B (FT): 

IORlzONTAL SEEPAGE VELOCITY. V (FUYR): 

.d (L’KG), 

OROSITY: 

‘ERTICAL DISPERSIVlTY, AZ (FI): 

ONGWJNAL DISPERSIVITY, Ax (FT): 

ATERAL DISPERSIVITY, Ay 0: 

YlTL4L CONC. (u@L): 

REDICTED IMPACTS: 

SATURATED LAYER CONCENTRATION: 

FENCE LINE CONCENTRATION: 

27 

8.99 

5.78B02 

0.3 

0.14 

6.0 

2.0 

4.5008+06 

4.SOE+O6 (UG/L) 

l.O3E+O6 (UG/L) 

VERTICAL SEEPAGE VELOCITY, Vzo (FTp(R): 4.48 

DOWNGRADIENT AREA INFILTRATION RATE, q m,YR) 0 

SPECIFY MIXING DEPTH (Computed from formula if input NO) no 

MIXING DEPTH. H m): 27.0 

TIME OF PUMPING STOP, P&T (YEARS): 0 

AGE (YRS): 0 

CONC. IN UPGRADIENT GRO”NDWATER.CUZ (UG/L) 0 

DISTANCE TO Fencc.Line.: 60 

TIME OF MAXIMUM (YR) 

0 

9 



I Version 2.0 for Excel 4.0 & 5.0 BROWN & ROOT ENVIRONMENTAL 

opyrigh, 1997 SCREENING-LEVEL EXCEL-CRYSTAL BALL TRANSPORT (ECTm) MODEL 

ITE: 

‘JVBSTIGATOR: 

ATE: 

s;; Wcsr ~~ 

SATURATED LAYER 

vXLT (FTNR): 0.83 B m-1: 27 Vzo (FTIYR): 4.u 

ENGTH E2-X 130 GW Q3 (I/DAY): 2.66E+O3 

‘IDTH (m-J 190 Kd (L.‘KG): 5.78E-02 GW V. (FT/YR~: 8.99 Kd (UKGI: 0.0571 

3ROSI’l-Y 2: 0.3 SATURATION: 1.00 H e-rl: 27.oooO RETARDATION: I.285 

3ROSI-l-Y SAT. LAYER: 0.3 THtCKNESS (FT,: 27.00 EFF. POROS”Y: 0.30 q (FTIYR) c 

ENSITY 2 (G/CM3): I .5 DECAY (I/DAY): 2.408-04 DISPERSIVIT-Y: DECAY (INRX 8.8Ed; 

ENSITY GMA(GcCM3): 1.50 CBo (PPB): 4..508+06 AZ m-7 0.14 

C”2 (PPB): O.OOE+oo An (FIX 6.00 P&T (YEARS): c 

.GE (YEARS). 0 Ql &DAY): I .59E+O3 Q2 (UDAYI: 1.07E+o3 Ay FlT: 2.00 DISTANCE TO F.L. (m: a 

llME INTERVAL (YRS) 1.8 SOURCE AREA CONC.(GMAl FENCE LINE CONC. 

LAPSED TIME YRS LAYER XPPB) IUGC tUG/LJ 

0 2.3SE+OO 4.SOE+Cii O.oOE+oO 

1.8 1.79E+OO 3.02E& 2.2OE+O2 

3.6 1.36E+@3 2.03E+o6 7.88E+O4 

5.4 1.04Ecoo 1.37!%06 4.4SE+OS 

7.2 7.91E-01 9.18!5+05 8.43Ec05 

9 6.02E-01 6.17EcOS 1.03E+O6 

10.8 4.58E-01 4.158~35 I.OlE+O6 

12.6 3.49E-01 2.798+05 8.70E+OS 

14.4 2.66E.01 1.87E+O5 6.958+05 

16.2 2.02E-01 1.26E+OS 5.28E+O5 

18 l.S4E-01 8.478+04 3.88&05 

19.8 1.17E-01 5.69E+O4 2.786+05 

21.6 8.928-02 3.82E+O4 1.96EcOS 

23.4 6.798-02 2.57E+O4 1.36%05 

25.2 5.178-02 1.73!?+04 9.39E+O4 

27 3.94E.02 1.16E+O4 6.43B+O4 

28.8 3,OOE-02 7.81E+O3 4.39E+O4 

30.6 2.28E.02 5.258+03 2.988+04 

32.4 1.74E-02 3.53EtO3 2.02%04 

34.2 1.32B-02 2.378+03 1.36EtO4 

36 l.OlE-02 1.59E+03 9.218+03 

37.8 7.67B03 l.O7E+03 6.21E+03 

39.6 5.84E-03 7.20E+02 4.19E+03 

41.4 4.458-03 4.84E+O2 2.828+03 

43.2 3.388-03 3.25E+02 1.9OE+O3 

45 Z.SSE-03 2.18E+O2 1.28B+03 

46.8 1.96E.03 1.47EcO2 8.58E+O2 

48.6 1.498-03 9.87F,+O1 5.77E+O2 

50.4 1.14E.03 6.63EcOl 3.88E+O2 

52.2 8.66E.04 4.468+01 2.61Ec02 

54 6.59E-04 3.OOE+Ol 1.75EXn 

55.8 5.02&04 2.01EcOl 1.1 SE+02 

57.6 3.82B04 1.35E+OI 7.93EcOl 

59.4 2.91E-04 9.10E+CO 5.33E+Ol 

61.2 2.21~~04 6.12E+OO 3.58E+Ol 

63 1.698-04 4.1 lE+oO 2.41E+OI 

64.8 1.288-04 2.76E+CKI 1.62E+Ol 

66.6 9 778.05 1.86ECOil l.C9E+Ol 

68.4 7.448-05 1.25E+OO 7.31E+00 

70.2 5.6&-05 8.39E-01 4.91EAxl 

72 4.3lE-05 5.648-01 3.3OE+m 

73.8 3.28E-05 3.798-01 2.22E+W 

75.6 2.5OE-05 Z.SSE-01 1.49E+00 

77.4 1.90s05 171E-01 1 .M1E+oO 

79.2 1.45E-05 l.lSE-01 6.74E-01 

81 l . lOE-05 7.73E.02 4.53E.01 

82.8 8.4OE.-06 5.2OE-02 3.OSE.01 

84.6 6.398-06 3.49E.02 2.05E.01 

86.4 4.87E-06 2.35B02 1.38E-01 

88.2 3.71E-06 1.S8B02 9.25E.02 

90 2.828-06 l&E-02 6.22E-02 

MAXIMUM: 2.3SB+CCI 4.5OE+O6 l.O3E+O6 



CTran Version 10 Ior Excel 4.0 & 5.0 

BROWN Bi ROOT ENVIRONMENTAL 
:opyright 1997 

II-E: INVESTIGATOR: LK DATE: 5i7199 

SURE POINT: (UNDERS. FL) NO 

ONTAMINANT: rider source, FL: Fenceline INPUT SOLID-PHASE CONCENTRATION (MG/KG) O.CCOE+OO 

CRITERIA (UWKG): CONSTANT CONCENTRATION (YESNO)‘! NO 

IALF-LIFE (YRS): TRY NEW GOAL: O.oOE+OC! 

DECREASE 

t: INFlLT(FlNR): 8.3OE.01 

.I O/KG): 5.98E+OO 

145 

65 

EPLETING SOURCE: 

IS THERE A CLAY LINER LAYER (YE!3,NO)? no 

WASTE CHARACTERISTICS: 

INITIAL SOLID-PHASE CONCENTRATION (MGIKG): O.OOE+OO THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

INPUT FOLLOWING PARAMETERS: HOW MANY SUBLAYERS (I - lo)? 3 

THICKNESS (F-l): TOTAL THICKNESS (UP TO 30 FT) (F-T): 10 

SATURATION RA’IE SATURATION RATE 0.95 

POROSITY. POROSITY: 0.2 

BULK DENSITY (GICM”3) BULK DENSITY (G/CMY): 1.78 

l.c%-05 

NO 

IOW MANY SUBLAYERS (1 . IO)? HOW MANY SUBLAYERS (I- lo)? 5 

‘OTAL THICKNESS (UP TO 30 IT) (Ff): 2.20l3+01 TOTAL THICKNESS (UF TO 30 F-l-) (F-l-): 20 

ATURATION RATE: SATURATION RATE: 0.13 

OROSITY: 0.3 

,lJLK DENSITY (G/CM4) BULK DENSITY (WCM9) 1.5 

:d (UK@: 1.00E-05 l.COE-05 

ATURATEDLAYER 

OTAL SATURATED ZONE THICKNESS. B (Ff,: 27 VERTICAL SEEPAGE VELOCITY, Vzo (FDYR): 4.48 

IORIZONTAL SEEPAGE VELOCITY, V (FDYR): 8.99 DOWNGRADIENT AREA INFILTRATION RATE, q (FDYR) 0 

:d (L’KG): 8.13E-02 SPECIFY MlXiiVG DEPTH (Computed from formula if inpul NO) “0 

OROSITY: 0.3 MIXING DEPTH, H (F-l-). 27.0 

‘ERTICAL DISPERSNITY. AZ (F-T): 0.14 TIME OF PUMPING STOP, P&T (YEARS): 0 

.ONGlTUDlNAL DISPERSIVITY, Ax 0: 9.5 AGE (YRS): 0 

.ATERAL DISPERSlVllY. Ay (F-T): 3.2 CONC. IN UPGRADIENT GROLDWATERCUZ (UG/L) 0 

VITIAL CONC. (uB/L): 8.950E+O4 DISTANCE TO Fence.Line.: 95 

‘REDICTED IMPACTS: TIME OF MAXIMUM (YR) 

SATURATED LAYER CONCENTRATION: 8.95844 (lJG/L) 0 

FENCE LINE CONCENTRATION: 7.14E+OZ (UGIL) 9 



Version 2.0 for Excel 4.0 & 5.0 BROWN & ROOT ENVIRONMENTAL 

opyQ!ht I!?27 SCREENING-LEVEL EXCEL-CRYSTAL BALL TRANSPORT (ECTrm) MODEL 

ITE: 

~VESTIGATOR: 

ATE: 

sy- West ~~ 

SATURATED LAYER 

,F,LT m/?‘R): 0.83 6 m-J: 27 Vro IF-fNR): 4.41 

SNGTH IFTN 145 GW Q3 @‘DAY): ImE+ 

‘IDTH m-n: 85 Kd (UK@: 8.13E-02 GW V. (FfP(R): 8 99 Kd (VKGh 0.081: 

)ROSITY 2: 0.3 SATURATION: 1.w H cm: 27.m RETARDATION: 1.40.5: 

,RGSITY SAT. LAYER: 0.3 THICKNESS o=n: 27.00 EFF. POROSITY. 0.30 q (FTNR) : 1 

ENSITY 2 tG/CM3): 1.5 DECAY (I/DAY): 9.5OE-04 DISPERSIVITY: DECAY (IiYR): 3.5E-0 

ENSITY GMA (GtCM3,: 1.50 CBO (PPBj: 8.95E+O4 Azc=n: 0.14 

cuz (PPB,: O.OOE+Nl Ax (F-l-~: 9.50 P&T (YEARS,: c 

GECYEARS]: 0 QI G’DAY): 7.94zs+o2 Q2 (LJDAY,, 4.8OE+O2 AY @?I 3.17 DISTANCE TO F.L (F-f): 9: 

YIME INTERVAL (YRS) 1.8 SOURCE AREA CONC.(GMA) FENCE UNE CONC. 

LAPSED TIME. YRS LAYER Z(PPB) WG/L) (UGILl 

0 o.wE+oo 8.95E+C4 0.00E+00 

1.8 0.00E+00 3.898+04 3.98E-04 

3.6 O.OOE+CKl I .69E+O4 8SSE+W 

5.4 O.GoE+M) 7.32E+O3 1.66E+M 

7.2 0.00EtOC 3. I SE+03 5.058+02 

9 O.M)E+OO 1.38FkO3 l.l4E+O2 

10.8 O.OoE+ca 5.99B+02 6.85E+02 

12.6 O.oOE+oO 2.6OE+O2 S.Z6E+O2 

14.4 O.OOE+OO l.l3E+O2 3SlE+O? 

16.2 O.OOE+DO 4.9OE+Ol 2.13E+OZ 

18 O.ooE+Ml 2.13E+Ol 1.2ol3+02 

19.8 O.oOE+oO 9.248+00 6.49B+o3 

21.6 O.oOE+OO 4.01E+00 3.37E+Ol 

23.4 0.0X+00 1.74E+W 1.7OE+Ol 

25.2 0.M)E+oo 7.56E-01 8.39E+OJ 

27 O.OOE+oO 3.28E01 4.06E+oO 

28.8 O.COE+OO 1.43E.01 I .94E+W 

30.6 O.OOEXM 6.19E.02 9.12E.01 

32.4 O.C0E+oo 2.698-02 4.2SE.01 

34.2 0.00E+C0 I. 17E-02 1.96E.01 

36 o.cm+cm 5.06E.03 8.99E.02 

37.8 O.OOE+oO 2.20&03 4.C9E-02 

39.6 O.OOE+W 9.558-04 l.SSE-02 

41.4 0.00E+co 4.14E.04 8.36E.03 

43.2 O.M1E+oO l.SOE-04 3.758-03 

45 o.ooE+w 7.81E.05 1.688-03 

46.8 O.C0E+oO 3.39E.05 7.488-04 

48.6 O.OOE+CO 1.47E-05 3.33E-04 

50.4 O.OOEdX) 6.39E.06 1.48E.04 

52.2 0.00E+OO 2.788-06 6.53E-05 

54 O.@JE+00 1.20E-06 2.88E-05 

55.8 O.oOE+oO 5.23E-07 1.27E.05 

57.6 O.WE+CO 2.278-07 5.608-06 

59.4 0.00E+l?O 9.868-08 2 46E-06 

61.2 O.oOE+OQ 4.2%08 1 OSE-06 

63 O.oOE+oO 1,86E-08 4.748-07 

64.8 O.oOE+oO 8.07E.09 2.09E.07 

66.6 O.OOE+OO 3SOE.09 9.078-08 

68.4 O.CQE+M) 1.52E-09 3.94E-08 

70.2 O.CQE+CQ 6&E-10 1.71E-08 

72 O.OOE+CUI 2.87E-10 7.42E-09 

73.8 O.M)E+OO 1.24E.IO 3.22E.09 

75.6 O.OOE+@l 5.40E.I1 1.4OE.09 

77.4 O.OOE+CO 2.35%11 6.09E.10 

79.2 O.@JE+00 l.OZE-11 2.648-10 

81 0.00E+00 4.428-12 l.l3E-10 

82.8 O.oOE+OO 1.92E-12 S.lOE-ll 

84.6 O.oOF+oO 8.33E-13 2.08E.I 1 

86.4 O.OOE+oO 3.62E.13 9.446-12 

88.2 O.oOE+oo 1.57E.13 3.158-12 

90 o.msoo 6.82E-14 1.26EE-12 

MAXIMUM: O.OOE+oO 8.95E+O4 7.148+02 
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CTm Version 20 for Excel 4.0 & 5.0 

Copyright 1997 
BROWN & ROOT ENVIRONMENTAL 

ITE: SWMU 9, NAS,Key West INVESTIGATOR: LK DATE: ml99 

URE POINT (UNDERS. FL) 

ndersource. FL: Fenmline 

CRITERIA (IJWKG): 

INPUT SOLID-PHASE CONCENTRATION (MGfKG) 

CONSTANT CONCENTRATION (YESNO)‘! 

TRY NEW GOAL: 

NO 

O.COOE+t@ 

NO 

O.OOE+OB 

DECREASE 

e: INFILT(FlwR): 8.30E.01 

.I (UK@: 9.07E+OO 

LENGTH (FI): 110 

ZPLETING SOURCE: 

WASTE CHARACTERISTICS: 

INITIAL SOLID-PHASE CONCENTRATION @%/KG): 

INPUT FOLLOWING PARAMETERS: 

THICKNESS (Fr). 

SATURATION RATE: 

POROSITY: 

BULK DENSlTY (GICMY) 

1.5 THERE A CLAY LINER LAYER (YFS,NO)? 

THE FOLLOWING DATA ARE NOT USED IN THIS CALCULATION 

HOW MANY SUBLAYBRS (1. lo)? 

TOTAL THICKNESS (UP TO 30 I=I) (FT): 

SATURATION RATE: 

FOXOSITY: 

BULK DENSITY (CifCM”3): 

Kd UKG : 

130 

no 

3 

10 

0.95 

0.2 

1.78 

l.CQE-05 

NO 

:d &KG): 

5 

20 

0.13 

0.3 

. 1.5 

I.OOE-OS l.BoE-05 

0 

ATURATED LAYER 

‘OTAL SATURATED ZONE THICKNESS. B 0: 

LORIZONTAL SEEPAGE VELOCITY, V (FTIYR): 

:d n/KG): 

DROSlTY: 

‘ERTICAL DISPERSIVITY, AZ (Ff): 

.ONGI’IUDINAL DISPERSIVITY, Ax (FI): 

.ATERAL DISPERSIVITY, Ay (F-I-): 

VITIAL CONC. (q/L): 

‘REDICTED IMPACTS: 

SATURATED LAYER CONCFNTRATION: 

FENCE LINE CONCENTRATION: 

27 

8.99 

1.23E-01 

0.3 

0.14 

8.7 

2.9 

2.8CQE+05 

2.80&05 (UG/L) 

1.36E+O4 WGL) 

VERTICAL SEEPAGE VELOCITY, Vro (FDYR): 4.48 

DOWNGRADIENT AREA INFILTRATION RATE, q (FDYR) 0 

SPECIFY MIXING DEPTH (Computed fmm formula if input NO) no 

MIXDIG DEPTH, H (Ff): 27.0 

TIME OFPUMPING STOP, P&T (YEARS): 0 

AGE (YRS): 0 

CONC. IN UPGRADIENT GROUNDWATBR.CUL (UG/l) 0 

DISTANCE TO Fence.Line.: 87 

TIME OF MAXIMUM (YR) 

0 

12.6 



I “ersion 2.0 for Excel 4.0 & S.0 BROWN & ROOT ENVIRONMENTAL 

opyright 1997 SCREENING-LEVEL EXCEL-CRYSTAL BALL TRANSPORT (ECTm) MODEL 

ITE: 

VVESTIGATOR: 

ATE: 

sw;ywcst ~ 

SATURATED LAYER 

iFILT (FTPIRJ: 0.83 B (FD: 27 vzo c FT/YQ 4.41 

ENGTH tFi-& 110 GW Q3 (I,‘OAY~: I .66E+o3 

‘IDTH (Fr): 130 Kd (UKG): 1.23E-01 GW V. (FT/YR): 8.99 Kd WKG): 0.12. 

DROSITY 2: 0.3 SATURATION: 1.00 H (FFI: 27.coo3 RBTARDATIDN: 1.61. 

3ROSlTY SAT. LAYER: 0.3 THICKNESS (Fn: 27.00 EFF. POROSITY 0.30 q (F-DYR) : , 

ENSITY 2 (G/CM3): 1.5 DECAY (IDAY): 4.22B04 DISPERSIVI1Y: DECAY (IfYR): ,.5E-0 

ENS”?’ GMA (GCM3): 1.50 CBO (PPB): 2.8Olso5 AZ m-l: 0.14 

CU2 (PPB): O.WEtGfl Ax (F-l-): 8.70 P&T(YBARS): , 

.GE (YEARS,: 0 Ql (l.JDAY): 9.2lE+O? QZ (UDAY): 7.34Ee02 AY OV: 2.90 DISTANCE TO F.L. (FF,: 8 

DMB INTERVAL (YRS) 1.8 SOURCE ARBA CONC.(GMA) FENCE LINE CONC. 

.LAPSED TIME YRS LAYER I(PPB) WGL) c UG/L) 

0 O.OOE+M) 2.80B+O5 O.MlEcOO 

1.8 O.COE+OO 1.73E+OS 6.188-04 

3.6 O.oOE+CQ l.O7E+05 3.OlE+Ol 

5.4 O.oOE+oO 6.58E+O4 9.2lE+O2 

7.2 O.OOE+oO 4.06E+C4 4.19tS+03 

9 o.ooE+oo 2.51E+B4 8.728+03 

10.8 O.ooEt00 155E+O4 1.228+04 

12.6 O.OOEcoO 9.55E+O3 I .36E+O4 

14.4 O.oOE+oo 5.89B+03 1.3OE+O4 

16.2 O.@.3E+00 3.64E+03 1.14E+O4 

18 O.OBE+00 2.248+03 9.27E+O3 

19.8 O.WE+CO 1.39Ec03 7.17E+O3 

21.6 O.LME+CO 8.55Iw32 5.34!S+o3 

23.4 O.oOE+W 5.28!&02 3.86B+03 

25.2 O.OOE+CO 3.26E+O2 2.73Ec03 

27 O.oOE+oO 2.0lE+02 1.898+03 

28.8 O.ooE~ 1.24E+02 1.29EtO3 

30.6 0.COE+OO 7.66E+O I 8.668+02 

32.4 O.OOE+OZ 4.72E+Ol 5.77B+oz 

34.2 O.OOE+GB 2.92E+Ol 3.8OE+O2 

36 O.WE+CXl l.SOK+Ol 2.49E+OZ 

37.8 O.OOE+CO l.llE+Ol 1.62E+02 

39.6 O.WEcW 6.85E+oo 1.05EcOZ 

41.4 O.OOE+CQ 4.238+@3 6.74E+Ol 

43.2 O.oOE+CC 2.6lE+00 4.3lE+Ol 

45 O.oOE+oO 1.6lE+OB 2.7%+01 

46.8 O.COE+CMl 9.95E01 1.75E+Ol 

48.6 O.COE+OO 6.14E.01 l.llE+OI 

50.4 O.oOE+oO 3.79%01 7.02E+OO 

52.2 O.COE+OO 2.34E-01 4.43B+co 

54 O.OOE+OO 1.44E-01 2.79E+Bil 

55.8 O.OOE+CO 8.90E.02 1.75E+OO 

57.6 O.LWE+O3 5.50!3-02 l.lOE+oO 

59.4 o.cKE+tM 3.39E02 6.888-01 

61.2 O.oOE+CO 2.@9E-02 4.30E-01 

63 O.oOE+@l 1.29E02 2.698-01 

64.8 O.COE+OO 7.97E-03 1.68E-01 

66.6 o.ca3+al 4.92E-03 1 .OSE-01 

68.4 O.OOE+oO 3.C4&03 6.5lE-02 

70.2 O.WE+CKI 1.878-03 4.05E.02 

72 O.OOE+OO l.l6E-03 2.52E-02 

73.8 O.OOE+CO 7.148-04 lS7E-02 

75.6 O.OOE+00 4.418-04 9.73E.03 

77.4 O.OOE+OO 2.728-04 6.C4B-03 

79.2 O.oOE+oO 1.68~~04 3.75E-03 

El O.WEI-W I .04E-04 2.328-03 

82.8 o.coE*cHl 6.39E-05 l.44E.03 

84.6 O.COE+OO 3.956-05 8.92E-04 

86.4 0.00E+03 2.43E-OS 5.538-04 

88.2 O.OOE+O?J 1.5OE-05 3.42E-04 

90 O.oOE+OO 9.278-06 2.12E.04 

MAXIMUM: O.OOE+oo 2.8OE+OS 1.36E+04 
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NAVAL AIR STATION KEY WEST 
Boca Chica Key, Florida 

SWMU 9 
Natural Attenuation with Long-Term Monitoring 

Alternative No. 2 
Annual Cost 

Item 

Sampling 

Item Cost Item Cost 
Year 1 Years 2-20 

$36,500 $9,500 

Item Cost 
every 5 years 

Notes* 

Collect eight groundwater samples and per sample period, run 
natural attenuation analyses, plus travel, living, and shipping cost 

Analysis $6,000 $1,500 Eight groundwater samples analyzed for VOCs, and field analyses 
performed to determine natural attenuation parameters 

Report $16,000 $4,000 Forty hours per sampling report plus other direct cost 

Site Review 

TOTALS $58,500 $15,000 

$20,000 

$20,000 
Analysis Review performed for years 510, 15, and 20 

*Sample numbers include QA/QC samples 



NAVALAIR STATION 
Boca Chica Key, Florida 

SWMUS 
Natural Attenuation with Long-Term Monitoring 

Alternative No.2 
AnnualCost 

Year 

0 

Capital 
cost 

$0.00 

Annual 
cost 

Total Year Cost Annual Discount 
Rate at7% 

$0.00 1.000 $0.00 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

$58500.00 $58,500.00 0.935 $54,698,00 
$15000.00 $15,000.00 0.873 $13,095.00 
$15,000.00 $15,000.00 0.816 $12,240.00 
$15,000.00 $15,000.00 0.763 $11,44500 
$35,000.00 $35,000.00 0.713 $24,955,00 
$15,000.00 $15,000.00 0.666 $9,990.00 
$15,000.00 $15,000.00 0.623 $9,345.00 
$15,000.00 $15,000.00 0.582 $8,730.00 
$15,000.00 $15,000.00 0.544 $8,160.00 
$35,000.00 $35,000.00 0.508 $17,780,.00 
$15,000.00 $15,000.00 0.475 $7,125.00 
$15,000.00 $15,000.00 0.444 $6,660.00 
$15,000.00 $15,000.00 0.415 $6,225.00 
$15,000.00 $15,000.00 0.388 $5820.00 
$35,000.00 $35,000.00 0.362 $12,670.00 
$15,000.00 $15,000.00 0.339 $5,085.00 
$15,000.00 $15,000.00 0.317 $4,755.00 
$15,000.00 $15,000.00 0.296 $4,440.00 
$15,000.00 $15,000.00 0.277 $4,155.00 
$35000.00 $35,000.00 0.258 $9,030.00 

TOTAL PRESENT WORTH $236,403.00 



NAVAL AIR STATION 

Boca Chica Key, Florida 

SWMU 9 

Enhanced Biodegradation with Long-Term 
Monitoring 

Alternative No.3 

Item QtY 
___--_----_--_______~~~~~----------- ----- 

ORC/HRC 

1) ORC 1,010 

2) HRC 5bo 
__--------_----___-_---------------- 

Burden @ 30% of Labor Cost 720 720 

Labor @ 10% of Labor Cost 240 240 

Material @ 10% of Material Cost 1,310 1,310 

Subcontract at 10% of Sub Cost 1,200 1,200 

Total Direct Cost 

Indirects @ 75% of Total Direct Labor 
cost 

._-_------------------- 
13,200 14,410 3,360 

2,520 

Profit @ 10% of Total Direct Cost 

2,520 

3,097 

Health and Safety Monitoring at 15% 

Total Field Cost 

Contingency @20% of Total Field Cost 

Engineering Cost 

TOTAL COST THIS PAGE 

Total Cost Total 
.------------------------. Direct ___--_______ 

Unit Sub. Mat. Labor Equip. Sub. Mat. Labor Equp. cost Comments 

lbs 1,200 10 50 12,000 10,100 2,400 15,500 

lbs 6 50 3,000 
.------------------------------------------- 

12,000 13,100 2,400 0 27,500 

_ - - - - - - _ 
36,587 

5,488 

- - - - - - - - 
42,075 

8,415 

500 

_------_ 
50,990 
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NAVAL AIR STATION 
Boca Chica Key, Florida 

SWMU 9 
Enhanced Bioremediation with Long-Term Monitoring 

Alternative No.3 
Annual Cost 

Item 

Sampling 

Item Cost Item Cost 
Year 1 Year 2 

$36,500 $18,500 

Item Cost 
Years 3-5 

$9,500 

Item Cost for 
Year 5 

Notes* 

Collect eight groundwater samples per sample period, plus 
travel, living, and shipping cost 

Analysis 

Report 

$8,000 

$16,000 

$4,000 

$8,000 

$2,000 

$4,000 

Eight groundwater samples analyzed for VOCs, and field 
analyses performed to determine natural attenuation 

parameters 

Forty hours per sampling report plus other direct cost 

Site Review 
TOTALS $60,500 $30,500 $15,500 

$20,000 

$20,000 
Analysis Review performed for year 5. 

*Sample numbers include QA/QC samples 



NAVAL AIR STATION 
Boca Chica Key, Florida 

SWMU 9 
Enhanced Bioremediation with Long-Term Monitoring 

Alternative No.3 
Annual Cost 

Year 

0 
1 
2 
3 
4 
5 

Capital 
cost 

$51 ,ooo.oo 

Annual Total Year Cost Annual Discount Present 
cost Rate at 7% Worth 

$51 ,ooo.oo 1 .ooo $51 ,ooo.oo 
$60,500.00 $60,500.00 0.935 $56568.00 
$30,500.00 $30,500.00 0.873 $26,627.00 
$15,500.00 $15,500.00 0.816 $12,648.00 
$15,500.00 $15,500.00 0.763 $11,827.00 
$35,500.00 $35,500.00 0.713 $25,312.00 

TOTAL PRESENT WORTH $183,982.00 
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5- r4ui5-97 
DEPARTMENT OF THE NAVY 
COYMAWOKR XAVAL EASE JACKSONVLL# 

BOX IOf NAVAL AlR STATION 
JACKSONVILLE. FLORtDA 222l2-0102 

CXBXXINST 5090.2 
N4 

COM?MANDER, NAVAL BASE. JACKSONVILLE INSTRUC~ON 5090.2 

Subj: LAMD USE RESTRICTIONS (LURS) AT EWIROlW.ENTAL REMEDIATKxN 
STES ON BOARD U.S. NAVY INST’+L+lONS , 

Rcfi (a) Comprehensive E&ronmeatai Reqonse, Compensatiop, and Liability Act 
(CEFtCU], 42 U.S.C. 5 § 9601 etseq. 

(b) Resource Consewarion and Recover Act (RCRA), 42 U.S.C. QQ 6901 ef seq. 
(c) OPNAVlNST 5090.1B 

1. hose. To estabIish a systematic pm-v protest% of human health and the environment, *- 
governing land use at envirod remediasion sires on board selected U.S. Navy installations 
in the Commander, Naval Basq 3acksonviIle (COMNAVBASE JAX) Area of Responsibijlity 
(AOR). 

2. &~kddit~. This indrudion applies to sites undergoing enyironmental me&&on at 
Naval Air Station, Jacksonville, FL, Navd Air Station Key West, w audNaval Station, 
May-port, FL. ‘ 

3. ‘Discussion. The Com@cnsivc En . nmnmentai Response, Compensarion, and Liabil&Ast 
(CERCLA) and the Resource Conse~tion and &xovcry Act (ref’es (a) and (II)) arc thy two 

primary fedend laws governing the rem&don of sites contaminated with haz;udous subswnces 
and hazardous wastes. Ike U.S. Navy sreatcd the environmentat rem&&on program to 
oversee the clcaa-up of these sites on board Naval fa&ties. Per refiiense (G), the Naval 
Facilities Engincexhg Command (NAWAC) has been assigned the responsibi?iqr fbr c.cntraiizxi 
management of the iust&&on mstorakn pm-- Southern D&ion (SOUTHDTV) is the 
NAVFAC component responsible for admikx&on ofthe environmentairemedktionprogmm 
for the U.S. Navy hstahtions in the COMNAVBASE JNC AOR The Fhida Department of 
Envimnmcntal Pmtcstion (FDEP] and the U.S. Esvironm~tal Rot&on Agency (EPA) Region 
IV (hereafter refked to as ‘Me agencies”) have oversight and cooxdinating reqxmsibi&ies cwcx 
NAVFAC remediaLion astions. Rcmcdiation standards for G~~SUW~ of contaminated sites are 
csrablished to ensure protestion for human &with and the envixmment 

a Enviromnental restoralion is a very costly process. There arc an estimated 3300 sites 
nation-wide on board U.S. Navy and U.S. Marine Corps installations. Canzntly~ the U.S. 
Navy’s n&onwi& funding level is projested at jvst mder $‘300 million per year. 

b. Tens to hundreds of miiiions of doh can be saved through the selection of &an-up 
remedies which appropriately reflect the current and fimxe laud use. However, to be effective, 



CNBJAXNST 5090.2 

(5) Arrquirrmtnttofbrwardanannuairrporttothcagencies(wi~acoWto 
SOIJTHDIV) certifying retention of the specifkd LUR categay for each affected site on the 
i,TldkiOXL 

(6) Ike instahion CO must follow identification of lhe proper procedties in ox& to 
obtain concurrence hm the agencies to change a previously identi&d LUR for a site. 
Concurrence of the ag&5es must be obtained in wrking prior to commencing any construction 
or other acfkity inconsistent with the previous LUR Requests for rekew of a LUR change 
proposal will co&der the degree of change proposed., the efkctivencss of the rcmediation effoti 
to date, any natural remediation which may have occuned since the originaI remedial actions, 
etc. 

(7) A rquircment to notify the agencies g despite proper precautions, an unauthorized 
change in land use is discovered by the kstallation. The change in land use will be repor& 
immediately to the apcies for collaborative determination of an appropriate remedy. 

(8) A notation that my fimding associtid with additional remcdiation caused by a LUR 
change (whcthcr approved or unauthorizd) will be the responsiiI~i&y of the installation CO. 

b. SCXJTHDIV: As the agency responsible for the management of environmental remediation 
projects, SOCJTHDlV shall accomplish the following: 

(1) Take the lead in coordinating the drafkg of a MOA k establish the speciik agreement 
between each covered instaUion, the agencies and SOUTHDTV. At a minimum, the MOA will 
address real estate issues, LURs and remediation requirements. 

(2) Support the installdon CO, as required, duing negotkions v&h the agencies. 

(3) Review the installation’s LUR instruction when conducting the tier two Environmental 
Compiiance Evaluation (ECE) in support of the major cIaiman~ 

5. Special Note. The FDEPGPA-U.S. 
this process to govern land use at enviro 
prior@ will be given to the most eficient site 

view strong participation ia 
positiveiy, i.e., funding 

Disrriburion: 
CNBJINST 5605.1 
Lid IV: FA6a, FA6b, FA7a 
List II: 26J&1, FA47a, m48a 

-=T F. DELANEY 
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