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EXECUTIVE SUMMARY

This Remedial Investigation (RI) report describes field activities, presents and evaluates data,

and provides recommendations for two sites at 114 Tactical Fighter Group, South DakoLa Air

National Guard (SDANG), Joe Foss Field, Sioux Falls, South Dakota. A Preliminary Assessment

(Phase I Records Search) identified two sites as potential hazardous waste sites. Therefore, pre-

liminary site studies were conducted during a Site Inspection (SI) program for the U.S. National

Guard Bureau's Installation Restoration Program.

The two si,es under investigation are Site I - Underground Fuel Storage Area and Site 3 -

Base Fire Training Area. The RI field program at the Base, which was performed during October

and November 1988 and from April through July 1989, consisted of the following data collection

activities:

0 Groundwater probe/soil gas surveys
* Shallow seismic reflection geophysical survey (Site 1 - Underground Fuel Storage Area

only)

0 Drilling, soil sampling, and abandonment of soil borings, including background soil
borings

0 Drilling, soil sampling, installation, and groundwater sampling of monitoring wells
* Aquifer testing (Site I - Underground Fuel Storage Area only)
* Static groundwater measurement.

The following paragraphs des zribe and discuss briefly the results and conclusions of the activities

conducted at each of the two sites studied during the RI at SDANG.

Site 1 - Underground Fuel Storage Area

Site 1 - Underground Fuel Storage Area includes 12, 25,000-gallon underground fuel

storage tanks, all of which have been abandoned. The southern portion of the site also includes

four underground lube oil storage tanks, which also have been abandoned. Results from the

Preliminary Assessment (HMTC 1986) and a U.S. Environmental Protection Agency (EPA)

sampling event at Site 1 - Underground Fuel Storage Area indicated the potential for contamination

in the vicinity of the underground fuel storage tanks.

Results from the SI field program conducted at Site 1 - Underground Fuel Storage Area

confirmed groundwater and soils contamination. Contamination was detected in the vicinity of the

12 underground fuel storage tanks and was characterized as fuel products, including petroleum
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hydrocarbons. benzene, ethylbenzene, toluene, and xylene isomers. The source of contamination

appeared to be located in the southeastern portion of the fuel tank facility. No groundwater or soil

contamination was found in the vicinity of the four underground lube oil storage tanks.

Receptors at risk at Site 1 - Underground Fuel Storage Area were identified as consumers of
water from the nearby municipal water supply wells. Because of the low hydraulic gradient that

exists at the site and the apparent attenuation of contamination to the soils, no immediate threat to
the municipal water supply was identified based upon the current supply well pumping rates.

IAs a result of the SI program, volatile organic compounds (VOCs) were detected in the

groundwater at Site I - Underground Fuel Storage Area at concentrations such that remediation
was deemed necessary. Therefore, other activities were conducted at Site 1-Underground Fuel

Storage Area concurrent with the RI program. A focused feasibility study (FFS) and treatabilityItests were conducted for the groundwater at the site which determined that air stripping was the

most cost-effective method for remediation of the VOCs in the groundwater. Discharge of the

treated groundwater to the Diversion Channel of the Big Sioux River was selected as the discharge

method. Draft engineering design plans and specifications were prepared for the groundwater

extraction and treatment system. In addition, underground storage tank (UST) removal plans and
specifications are currently being prepared to remove the source of contamination at the site.

IResults from the RI program confirmed the southern area of groundwater and soil contami-
nation located in the vicinity of the underground storage tanks and also identified an additional area

of contamination north of the tanks. The southern area measures approximately 280 by 160 feet at
its furthest boundaries, encompassing a contaminated area of approximately 24,000 square feet.
The northern area of contamination is associated with the railroad ditches and measures approxi-

mately 320 by 60 feet at its furthest boundaries, encompassing a contaminated area of approxi-
mately 17,000 square feet. Contamination in both areas of Site 1 - Underground Fuel Storage
Area is found in the subsurface groundwater and soils and is characterized as both VOCs and
semivolatile organic compounds (SVOCs). Elevated concentrations of inorganic compounds (i.e.,Ilead and arsenic) were detected in the soil and groundwater, however, their presence is not thought
to be site-related.

IResults of the public health risk assessment for Site I - Underground Fuel Storage Area
showed no immediate endangerment to human health from the presence of contamination at the

Isite. No adverse noncarcinogenic effects are expected from exposure to either groundwater or soil
contamination. Because of the presence of benzene and polynuclear aromatic hydrocarbons

I ES-2
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present in the groundwater, however, the excess lifetime cancer risk of hypothetical ingestion

exposure to chemicals in the groundwater exceeded the acceptable range established by EPA.

Remedial actions are recommended at Site I - Underground Fuel Storage Area. The design

plans for treatment of the groundwater at the site should be finalized so that groundwater remedia-

tion of the VOCs can begin as soon as possible. Monitoring should be conducted for the presence

of SVOCs in the groundwater and in the VOC treatment system effluent. Threshold concentrations

should be established for the SVOCs in the VOC treatment system effluent to determine if an add-

on unit should be provided for SVOC treatment. Although there are no adverse effects expected

from soil contamination at the site, removal of the contaminated soils is recommended. In

addition, the UST removal plans should also be finalized and the tanks removed. Although the

municipal water supply wells are not currently threatened by the contamination at Site 1 -

Underground Fuel Storage Area, quarterly groundwater monitoring of existing wells MW-i-I,

MW1-3, MW-i-10, MW-I-11, MW1-12, and MWI-14 is recommended until remediation has

been completed so as to monitor any contamination movement and to ensure that there is no signif-

icant migration toward the municipal wells. Analytes of concern during monitoring should include

VOCs, specifically benzene, toluene, ethylbenzene, and xylenes, and semivolatile organics.

Site 3 - Base Fire Training Area

Site 3 - Base Fire Training Area is a 7,800 square foot, circular area where approximately

500 gallons of off-specification fuel and oil were burned on a monthly basis from the early 1970s

to mid-1987. Data collected at Site 3 - Base Fire Training Area from the SI program indicated that

contaminants analyzed were not present in the groundwater and soils at the water table. Soil gas

survey results did indicate localized areas of contamination in the shallow soils of the burn pit and

near the drum holding area of the site. The shallow soil contamination was characterized as

petroleum hydrocarbons, xylene isomers, and benzene within the burn pit and petroleum hydro-

carbons, benzene, toluene, and xylene isomers adjacent to the drum holding area. The source of

contamination was attributed to activities or waste handling practices at the burn pit and drum

holding area.

The SI program identified receptors at risk at Site 3 - Base Fire Training Area as populations

in the vicinity of the site that may be exposed to contaminants present in the surficial soils. No

immediate risk of exposure through consumption of drinking water was identified at that time.

Evaluation of the data collected during the RI confirmed that localized areas of contamination

exist in the surficial soils at Site 3 - Base Fire Training Area. The maximum extent of soil contan-
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ination was approximately 10 feet below land surface (BLS), within the confines of the burn pit.

Results indicate that contamination has penetrated the surficial clay layer present at the burn pit.

The soil contamination was characterized as VOCs and SVOCs. In addition, contamination of the

surficial soils was confirmed in the vicinity of the drum holding area to depths of approximately

2.5 feet BLS. Contaminants in the soils are primarily SVOCs. No site-related groundwater con-

tamination was detected at Site 3 - Base Fire Training Area, and no site-related inorganic com-

pounds were detected.

The public health risk assessment results for Site 3 - Base Fire Training Area indicate that

there is no immediate endangerment to human health from soil contamination. There are no

adverse noncarcinogenic effects related to the soil contamination as long as the soil remains undis-
turbed. The excess lifetime cancer risk from exposure to soils at the site is within the acceptable

range established by EPA.

Although there is no immediate threat to the groundwater at Site 3 - Base Fire Training Area,

contaminants have migrated to the base of the surficial clay layer present at the site. Therefore,

removal of the contaminated soil within the burn pit and drum holding areas is recommended to

ensure that future contamination of groundwater does not occur.
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1. INTRODUCTION

IThis report documents the Remedial Investigation (RI) performed by Science Applications
International Corporation (SAIC) at the South Dakota Air National Guard (SDANG), Joe Foss
Field, Sioux Falls, South Dakota, under the U.S. Department of Defense (DOD) Installation

Restoration Program (IRP). The following subsections provide an overview of the IRP, discuss
the findings of previous studies at SDANG, and outline the objectives of the RI performed at
SDANG from November 1988 to July 1989. The RI activities were performed in accordance with
the Remedial Investigation/Feasibility Study (RI/FS) Work Plan, which was approved in July

j 1988.

I1.1 INSTALLATION RESTORATION PROGRAM OVERVIEW

Enactment of the Comprehensive Environmental Response, Compensation, and Liability Act

(CERCLA) in 1980 required disposers of toxic and hazardous wastes to identify the location and

contents of waste disposal sites and to implement actions to eliminate any hazards to the public
health or the environment. The U.S. Department of Defense (DOD) recognized that defense
installations have long been conducting operations involving the use and handling of toxic and

hazardous materials. In response to CERCLA requirements, DOD initiated the IRP.

The objectives of the IRP are to identify, quantify, and evaluate the development of feasible
remedies for environmental problems and resolve these problems and related public health hazards

caused by hazardous materials use or disposal on DOD installations. The IRP consists of the
following phases:

Preliminary Assessment - To identify and evaluate the type and location of suspected
problems associated with past hazardous waste handling procedures, disposal sites, and
spill sites. This is accomplished through interviews with past and present Base
employees, historical records searches, and visual site inspections. In addition, detailed
geologic, hydrologic, meteorologic, land use, and environmental data for the area of study
are gathered. A detailed analysis of all information obtained will identify sites of concern.

* Site Inspection - To acquire the necessary data to either confirm or deny the existence
of suspected environmental contamination at each identified site of concern and to
preliminarily assess the potential risks to human health, welfare, and the environment.
The Site Inspection (SI) includes identification of specific chemical contaminants and their
concentrations in soils and groundwater and determines the potential for contaminant
migration through site-specific hydrogeologic determinations.

* Remedial Investigation - To acquire the necessary data to define the extent of
confirmed environmental contamination and to continue to assess the associated potential
risks to human health, welfare, and the environment. The RI quantifies the magnitude and
extent of contamination at the sites and identifies the specific chemical contaminants
present and their concentrations in the soils and groundwater. A determination also is
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made as to the potential for contaminant migration by assessing site-specific hydrogeologic
and contaminant characteristics.

Feasibility Study - To select and describe a remedial action that addresses the
applicable or relevant and appropriate requirements for mitigating confirmed environmental
contamination at each site. The Feasibility Study (FS) considers risk assessments and cost
benefit analyses, in providing the necessary data, direction, and documented supportive
rationale to acquire regulatory concurrence (Federal, State, and local) with the
recommended remedial alternative(s). The FS evaluates, develops, and provides
recommendations for remedial actions at each site where remediation is required.
Remedial Design - To provide engineering design drawings and construction
specifications required to implement the recommended remedial actions contained in the
FS. The implementation of the remediation plan requires appropriate regulatory
acceptance.

1.2 SITE BACKGROUND INFORMATION
1.2.1 Preliminary Assessment

The purpose of the Preliminary Assessment was to identify the type and location of past
waste disposal, handling, and spill sites at SDANG and to assess the potential for contaminant
presence and migration. This phase consisted primarily of personnel interviews, a records search,
and a site visit. The initial investigation, conducted by the Hazardous Materials Technical Center
(HMTC 1986), established the possibility of six sites of concern. Four of these sites were
eliminated from further study based on the type and small amounts of material spilled, the length of
time since a spill had occurred, and the lack of visual environmental stress. Decision Documents
will be prepared for the four sites which did not require further investigation. Two of the sites,
however, were deemed to warrant further study: Site 1 - Underground Fuel Storage Area and Site
3 - Base Fire Training Area (see Figure 1-1).

1.2.1.1 Site 1 - Underground Fuel Storage Area

Site 1 - Underground Fuel Storage Area is located on the east end of the Base (see Figure
1-2). The area includes 12, 25,000-gallon underground fuel storage tanks, which were used in the
past to store jet fuel (JP-4), No. 2 fuel oil, and aviation gasoline. Each fuel storage tank is 8 feet in
diameter and under approximately 5 feet of cover. Four underground lube oil storage tanks are
located southeast of the site. These tanks were constructed during World War H, abandoned after
the war, and are now empty.

In 1983, an integrity pressure test was performed on 7 of the 12 fuel storage tanks, which
were inactive at that time. Pinhole-sized leaks were detected in three of the tanks. These tanks
were not in use at the time of the test but had previously contained No. 2 fuel oil and aviation
gasoline. At the time of the leak detection tests, soil samples were collected from four auger
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I

borings near the inactive tanks. According to personnel performing the borings, strong petroleum
odors were noticed approximately 11 feet below land surface (BLS) and 1 to 2 feet into saturated

materials in three of the four borings.

I The U.S. Environmental Protection Agency sampled both soil and groundwater in the area of

the underground fuel storage tanks in February 1985. The results of the analysis, dated May 30,

1986, were inconclusive as to contamination with JP-4, diesel, and/or No. 2 fuel oil. The analysis

also indicated the presence of arsenic, yet no source was identified.

1.2.1.2 Site 3 - Base Fire Training Area

Site 3 - Base Fire Training Area is located near the base ordnance area, northwest of the main

Base (see Figure 1-3). The site is approximately 7,800 square feet, roughly circular, and
reportedly has an underlying liner. The integrity of the liner, however, is questionable. The soil

below the Fire Training Area is a low permeability clay. Site 3 - Base Fire Training Area was used
mainly by Base personnel with occasional use by city and State personnel. Approximately 500
gallons of JP-4 and waste oil were burned at the site on a mionthly basis from the early 1970s until

mid-1987. Fuel was transferred to the site in drums, some of which were temporarily stored

before training exercises in an area adjacent to the site. Some of these drums previously contained

photographic chemicals, naphtha, lube oils, and cleaning solvents before they were used to hold

fire training fuels.

1.2.2 Site Inspection

The SI was initiated at the Base during October 1987. The purpose of the SI was to acquire
data to determine if contamination of the groundwater and soils at the water table was present.
Additional objectives of the SI program were to identify the sources and nature of contamination

and to provide a preliminary assessment of the extent, magnitude, and movement of contamination

at Site 1 - Underground Fuel Storage Area and Site 3 - Base Fire Training Area, if contamination

was confirmed. Identification of possible receptors of potential contamination also was included in
the scope of the SI. Complete details of the SI program, methods employed, results, and

conclusions are provided in the Site Inspection Report (SAIC 1988). A summary of the results
and recommendations of the program is presented in the following discussion.

The SI field program at SDANG consisted of groundwater probe and/or soil gas surveys,

monitoring well installation, collection and analyses of soil and groundwater samples, and aquifer

testing at the two sites of concern. Results from the field program confirmed that the groundwater

and soils at Site 1 - Underground Fuel Storage Area are contaminated in the vicinity of the 12

1-5



J I~Approximrately
N 650Ofeet from bumnpitI to Municipal Well 21

SieN
BaeFr

Trinn Are

-

Dru Hodn

fDrum Holding

j to Municipal Well 34

ILegend ANEW
111111 Levee

-- - Approximate Base Soindary NSite 3.- ase Fire Training Area

__ South Dakota Air National Guard
0__ 100_200__[Fit" Joe Foss Field, Sioux Fails, SD

Scale in Feet F ure: 1-3 Project: 1-827-03-769-2

1-6



I underground fuel storage tanks. No contamination was found in the vicinity of the four lube oil

tanks. The contamination in the area of the underground fuel storage tanks was characterized as

fuel products (i.e., gasoline, JP-4), including benzene, ethylbenzene, toluene, and xylene isomers.
In addition, high concentrations of petroleum hydrocarbons were confirmed. Concentrations of

Itotal hydrocarbons were as high as 8,500 micrograms per liter (gg/L) in the soil gas at Site 1 -
Underground Fuel Storage Area, while concentrations of benzene, toluene, and xylene isomers, all

j constituents of gasoline and JP-4, were detected from the groundwater probe/soil gas survey at

concentrations as high as 370 jgg/L, 1,800 gg/L, and 4,900 gg/L, respectively. Groundwater data

and data collected from soils at the water table correlated closely with the groundwater probe/soil

gas survey results. In soils, contaminant concentrations for petroleum hydrocarbons were 99
milligrams per kilogram, ethylbenzene was 2,300 micrograms per kilogram (gg/kg), and xylene

isomers was 6,300 g/kg. Groundwater samples contained as much as 4,800 gg/L of petroleum

hydrocarbons, 220 gg/L of ethylbenzene, 3,300 gg/L of xylene isomers, and 120 ggfL of

benzene. No free-floating petroleum product was found at the site.

IThe contaminant plume was determined to extend in a north/south direction at Site 1 -
Underground Fuel Storage Area, coinciding with the groundwater flow direction. Based on the

groundwater probe data, the contaminant plume covers approximately 48,000 square feet. Since

the SI study was limited to Base property, however, the extent of contamination to the northeast of
the site was not completely defined. A sharp decline in the levels of contamination observed in this
direction indicated that the contamination may not extend far beyond the Base boundary. The full

extent of contamination, including any potential off-Base contamination, was investigated during

Ithe RI program. Potential receptors at risk were identified as the consumers of the water from the
33 nearby Sioux Falls water supply wells.

IAdditional field investigation activities were recommended for Site I - Underground Fuel

Storage Area at the conclusion of the SI program to obtain data necessary to further define the

vertical and horizontal extent of contamination at the site and beyond the installation property

boundaries. Additional data collection pertaining to the influence of the nearby municipal waterIsupply wells on contaminant migration also was recommended. A public health evaluation was
recommended to determine the risk of exposure to contamination at Site 1 - Underground Fuel

IStorage Area.

Results of the SI program conducted at Site 3 - Base Fire Training Area indicated that

localized areas of contamination exist in the shallow soils at depths of approximately 8 to 13 feet

BLS. Contamination of the groundwater or the soils at the water table was not indicated by the

I



analytical data collected. Total hydrocarbons were detected at concentrations from 760 to 2,400
jtg/L in the soil gas in areas within the burn pit and the drum holding area. Contamination was
characterized further (in the soil gas) as xylene isomers (72 to 150 gg/L) and benzene (120 /L)
within the burn pit and benzene (520 jg/L), xylene isomers (80 gg/L), and toluene (120 Ag/L)
adjacent to the drum holding area. Trichloroethylene also was detected at Site 3 - Base Fire
Training Area at very low levels ranging from 0.001 to 0.1 gg/L in the soil gas. Soil gas results
indicated that the contamination, primarily constituents of fuel, was present at depths of
approximately 8 to 13 feet BLS. Surficial soils were not analyzed to determine the presence or
magnitude of contamination. Potential receptors at risk at Site 3 - Base Fire Training Area were
identified as populations that may be exposed to contaminants present in the soils (i.e., Base
personnel and the general public that have access to or are in the vicinity of Site 3 - Base Fire
Training Area).

Studies to further define the horizontal and vertical extent of contamination were
recommended for Site 3 - Base Fire Training Area to obtain the data necessary to determine if
remedial actions are necessary, and if they are, to evaluate and select the most cost-effective
remedial action alternative for Site 3 - Base Fire Training Area. Analysis of additional ground-
water samples was recommended to confirm that groundwater contamination has not occurred at
Site 3 - Base Fire Training Area. In addition, an evaluation of the risks to public health associated
with exposure to contaminants in the surficial soils was recommended.

1.3 REMEDIAL INVESTIGATION

The objective of the RI at SDANG was to collect the data necessary for site and contaminant
characterization to determine if remedial actions were required at the sites of concern. The SI
provided initial data that were used to determine the presence of contamination and furnished
recommendations for additional work required to complete the characterization of the sites of
concern. The RI focused on two sites: Site 1 - Underground Fuel Storage Area and Site 3 - Base
Fire Training Area. Based on SI recommendations, contained in Subsection 1.2.2, specific
objectives of the RI were to:

• Determine the horizontal and vertical extent and magnitude of groundwater and soils
contamination at Site 1 - Underground Fuel Storage Area

• Determine the horizontal and vertical extent of soils contamination at Site 3 - Base Fire
Training Area

* Validate existing data that indicate that groundwater contamination is not present at Site 3 -
Base Fire Training Area
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I Provide data to determine the potential for future contaminant migration to the groundwater
at Site 3 - Base Fire Training Area

Assess the public health risks associated with existing contamination at Site 1 -
Underground Fuel Storage Area and Site 3 - Base Fire Training Area

* Define geologic and physical properties at the sites to evaluate potential remedial actions.

SAIC conducted various field activities to obtain the data necessary to accomplish these

goals, which are summarized in Table 1-1.

1.4 ADDITIONAL IRP ACTIVITIES

Following the conclusion of the SI program and concurrent with the RI activities, additional

IRP activities were conducted at Site 1 - Underground Fuel Storage Area. Although additional RI

data collection activities were planned, it was determined that remediation would be necessary for

treatment of the volatile organic compounds (VOCs) present in the groundwater at Site 1 -

IUnderground Fuel Storage Area. The objective of the additional activities was to achieve early

remediation of the VOCs present in the groundwater at Site 1 - Underground Fuel Storage Area, in

jorder to reduce the potential for volatile organic contaminant migration in the direction of the City

of Sioux Falls municipal water supply wells. The activities which were conducted were based on

the results of the SI available at that time.

Various groundwater treatment technologies and surface water discharge locations were

evaluated in order to select a remedial action alternative. The evaluation was documented in the

Focused Feasibility Study (FFS) for groundwater at Site 1 - Underground Fuel Storage Area

I(SAIC 1989). Air stripping and discharge of the treated groundwater to the Diversion Channel

downstream of the city surface water intake structures was recommended as the remedial action

Ialternative. The FFS was submitted to the appropriate regulatory agencies for review in March

1989 and distributed for public comment in September 1989. The recommended alternative (air

stripping and discharge to the Diversion Channel) was selected as the remedial action alternative for

the VOCs in the groundwater at Site 1 - Underground Fuel Storage Area following completion of

the FFS public comment period in October 1989.

Treatability tests were conducted in January 1989 in order to obtain data for the design of a

Ifull scale air stripper treatment unit. Details of the treatability tests are provided in the Treatability

Testing Work Plan (SAIC 1989). Results from the treatability tests indicated that air stripping

Icould be effectively used to remove the VOCs present in the groundwater at Site 1 - Underground

Fuel Storage Area. The treatability tests also provided design criteria necessary for the design

I
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of a full-scale air stripper and a groundwater recovery well system. The results and design criteria
are documented in the Preliminary Design Criteria Report (PDCR) (SAIC 1989).

Surface water samples were collected in July 1989 from three locations in the Diversion

Channel of the Big Sioux River and analyzed for metals, total petroleum hydrocarbons, VOCs, and
semivolatile organic compounds. The data were collected to determine background (in-stream)

concentrations of contaminants for obtaining a National Pollutant Discharge Elimination System

(NPDES) permit relative to the remedial actions for groundwater treatment at Site 1 - Underground
Fuel Storage Area. The surface water sample results are provided in Appendix E. Further

discussion of the surface water sample results are not provided in this report because they are not
relevant to the characterization of contamination at the two sites of concern.

Draft engineering design plans and specifications were then prepared for the air stripper,

groundwater recovery well system, and surface water discharge piping (SAIC 1989). After a

NPDES permit for discharge is issued, remedial actions will be implemented at Site 1 -
Underground Fuel Storage Area. The plans and specifications will be finalized as bid documents,

a construction contractor will be selected, and remediation of the groundwater will begin.

Underground storage tank (UST) removal plans and specifications are currently being
prepared so that the 12 tanks at Site 1 - Underground Fuel Storage Area can be removed (SAIC

1990).

1.5 REPORT ORGANIZATION

The remainder of this RI report contains the following sections:

" Field Program Investigation, discusses various field activities and associated procedures
conducted during the investigation

* Study Area Characterization, presents an overview of the environmental setting at
SDANG

" Results and Significance of Findings, presents hydrogeologic and field sampling data
evaluations

" Public Health Risk Evaluation, discusses the baseline risk assessment of exposure to
chemicals present at or released from SDANG

" Conclusion and Recommendations, presents the conclusions of the study's findings and
recommendations for any future IRP activities.
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In addition, a reference list and a list of abbreviations and acronyms are included. A separate

volume of appendices detailing monitoring well completion, shallow seismic surveys, soil

gas/groundwater probe surveys, laboratory methods and results, aquifer test methods, risk

assessment methods and biographies of key personnel are provided.
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2. FIELD PROGRAM

This section briefly describes the Remedial Investigation (RI) field program methods that

were implemented by Science Applications International Corporation (SAIC) at the South Dakota

Air National Guard (SDANG) Base, Joe Foss Field, Sioux Falls, South Dakota. The methods

were det.,rmined based on the results of the Site Inspection (SI) and ihe speCific objectives of the

RI, as summarized in Sections 1.2 and 1.3, respectively. A summary of the RI field program is

presented in Table 2-1 indicating modifications to the activities initially planned in SAIC's

Remedial Investigation/Feasibility Study (RI/FS) Work Plan (SAIC 1988), and reasons for the

modifications.

2.1 GROUNDWATER PROBE/SOIL GAS SURVEY PROCEDURES

A groundwater probe survey was conducted in April 1989 at Site 1 - Underground Fuel

Storage Area by Tracer Research Corporation (TRC) of Tucson, Arizona, under the direction of

SAIC personnel. The purpose of the groundwater probe survey was to define the horizontal extent

and magnitude of groundwater contamination northeast (off-Base) of Site 1 - Underground Fuel

Storage Area that was not investigated during the SI program. The strategy was to sample

groundwater on a regular pattern (approximate 50-foot centers), beginning near the area of known

contamination (northeastern Base boandary in the vicinity of Site 1) and progress in the general

directions of contaminant detection, toward points of no contaminant detection. Based upon con-

tamination trends that were identified during the SI, it was assumed that a total of 25 probes would

be necessary. Another area of contamination north of the storage area was discovered that

warranted the use of 10 additional probes (35 total). The location of the groundwater probe

samples collected at Site 1 - Underground Fuel Storage Area are shown in Figure 2-1.

A soil gas survey was conducted at Site 3 - Base Fire Training Area. The purpose of the

survey was to define the horizontal extent of soil contamination in and around the burn pit and

drum storage area where data from the SI were incomplete. A total of 10 soil gas samples were

collected from these areas. The locations of the soil gas sampling points are shown in Figure 2-2.

Samples from both the groundwater probe and soil gas surveys were collected and processed

identically with the following exceptions. Groundwater probe survey samples were collected by
drilling with hollow-stem augers to the water table, approximately 12 feet below land surface. The

sample was then collected by lowering tubing within the probe, evacuating groundwater with a

peristaltic pump, and depositing the sample into a 40-milliliter volatile organic analysis vial. Soil

gas samples were collected by hydraulically pushing the hollow steel probe 4 feet into the ground

2-1
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and evacuating 5 to 10 liters of gas with a vacuum pump. During this evacuation, soil gas samples

were collected with a syringe by inserting the syringe needle through a silicone evacuation line and

down into the steel probe. Following the collection of the sample (either soil gas or water), the

probes and hollow-stem augers were extracted from the ground and the hole was backfilled with

cement/bentonite grout.

Gas chromatography (GC) can detect virtually all light, volatile organic compounds (VOCs).

However, only the following petroleum compounds related to fire fighting were quantified: total

petroleum hydrocarbons, total xylenes, benzene, toluene, tetrachloroethylene (PCE),

trichloroethylene (TCE), carbon tetrachloride, bromochloromethanes, and 1,1,1-trichloroethane

(TCA). Additional discussion of the GC analysis techniques is presented in Appendix C.

2.2 SHALLOW SEISMIC REFLECTION GEOPHYSICAL SURVEY
PROCEDURES

A shallow seismic reflection survey was conducted in November 1988 in and around the area

of contamination at Site 1 - Underground Fuel Storage Area. The location of the survey grid is

shown in Figure 2-3. The survey was performed by Minnesota Geophysical Associates of
Andover, Minnesota, under the direction of SAIC field personnel. The objective of the survey was

to define the aquifer boundaries, bedrock depth, configuration and properties, clay continuity and
thickness, and location of buried high-permeability channels, if they exist. This information is

used to determine potential contaminant migration pathways and to evaluate potential remedial

action alternatives.

The method of seismic reflection consists of measuring the travel times of compressional
waves generated from a surface energy source as they are reflected at the interfaces of different

geologic media (e.g., quartzite bedrock, saturated gravels). The energy source varied depending

on shot location and consisted of either a sledgehammer, self-contained seisgun or a hydraulic

hammer, listed in order of increasing energy output. The reflected energy waves were detected by

a line of geophones spaced on 50-foot centers. The geophone data were fed through a multi-

channel recording system (Bison Instruments Inc. "Geo-Pro" Model 8024-12) to a processor that
produces magnetic and hard copy output for computer and visual analysis. Two 500-foot lines of

geophones were run in approximately a north-south direction, and three 300-foot lines of geo-
phones were run in an east-west direction. These north-south and east-west lines created a 300- by

500- foot grid over the contaminated area. A more detailed description of the data collection and

analysis methods is presented in Appendix B.
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2.3 ONSITE GAS CHROMATOGRAPHY PROCEDURES

The onsite, laboratory-grade GC, used during the groundwater probe and soil gas surveys,
was also used throughout the field program (April through July 1989) to screen all environmental

samples (approximately 150), including all soil samples, the first sampling round of all ground-

water monitoring wells, decontamination water, quality assurance/quality control (QA/QC)

samples, and discharge water produced during the aquifer testing activities. The onsite GC was

operated by TRC; sampling and overall direction were conducted by SAIC field personnel.

Screening by onsite GC was used to select soil samples to be sent to the offsite laboratory for

analysis to determine the total depth of soil borings and monitoring well boreholes and to provide a

cost-effective and timely method of analyzing environmental samples and a vpriety of QA/QC

samples.

Samples were analyzed using a Varian 3300 GC and a Spectra-Physics SP270 computing

integrator. The GC can detect virtually all light, volatile organic compounds. However, only the

following petroleum compounds and those related to fire fighting were quantified based upon Si

results: total petroleum hydrocarbons, total xylenes, benzene, toluene, PCE, TCE, carbon

tetrachloride, bromochloromethanes, and 1,1,1-TCA. Additional discussion of the GC analysis

techniques can be found in Appendix C.

2.4 DRILLING AND WELL INSTALLATION PROCEDURES

The drilling and well installation program at the Base consisted of three different activities

that included 1) monitoring well drilling and installation, 2) soil boring and abandonment, and 3)

aquifer test well drilling and installation. Drilling was performed by Layne-Western Company of

Omaha, Nebraska, t.ader the direction of SAIC field personnel during April 1989. Table 2-2

summarizes the general drilling, soil sampling, and well installation specifications for the drilling

and well installation program. The drilling and well installation program provides geologic, hydro-

logic, and chemical data that are used to characterize the nature, magnitude, extent, transport, and

fate of the contamination present at the sites.

2.4.1 Monitoring Well Installation

Ten monitoring wells (i.e., MW-1-5 through MW-I-14) were drilled at Site 1 - Base

Underground Fuel Storage Area, and one monitoring well (MW-3-5) was drilled at Site 3 -
Former Base Fire Training Area. The locations of the monitoring wells installed at Site 1 -

Underground Fuel Storage Area are illustrated in Figure 2-4. Monitoring wells MW-I-I through

MW- 1-4 were installed at Site 1 - Underground Fuel Storage Area during the SI program. Figure

2-5 shows the location of the monitoring well installed at Site 3 - Base Fire Training Area.
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Monitoring well MW-3-5 was installed at Site 3 - Base Fire Training Area at the request of the city

to monitor potential horizontal contaminant migration from the site in the direction of Municipal
Well 34, located southwest of the site. Monutoring wells MW-3-1 through MW-3-4 were installed

at Site 3 - Base Fire Training Area during the SI program. Appendix A contains the as-built

diagrams for each of these monitoring wells. All monitoring wells were drilled and installed with

hollow-stem auger drilling methods using the following procedures:

1. Once the borehole was drilled to completion depth, the auger plug was removed and
sand pack was added to fill the borehole from the completion depth to the depth of the
bottom of the well screen (2 feet minimum). An appropriate length (10 foot minimum)
of threaded flush-joint PVC well screen and riser were installed (4-inch inside diameter
(ID), 0.040 inch slot, PVC Schedule 40). The well screen and casing were steam
cleaned prior to installation in the borehole. The screen slots were sized so as to retain a
minimum of 90 percent of the sandpack material. The screen interval (10 feet minimum)
extended 3 feet above and a minimum of 7 feet below the water table to allow for annual
fluctuation in the groundwater table elevation to allow any free-floating petroleum, oils,
and lubricants to enter the well during sampling. The total depth and therefore the length
of the screen was the bottom of detected contamination based upon onsite soil sample
GC results. The top of the PVC casing was completed flush to the ground so as not to
interfere with normal activities around the Base.

2. The augers were raised in 2-foot increments, and silica sand pack was added. The sand
pack was pulverized Sioux Quartzite with percent retained sizes for 9.5, 4.8, 2.0, and
1.2 mm of 0, 75, 81, and 96 percent, respectively. The incremental lifting of the augers
and emplacement of sand pack continued until the sand pack extended at least 3 feet
above the top of the screen. Periodic sounding during this process ensured a continuous
sand pack.

3. After the sand pack had been tremied in place and measurements had been taken to
ensure its proper location, at least 1 foot of bentonite pellet seal was placed on top of the
sand pack.

4. After the bentonite seal was in place and allowed to hydrate for 30 minutes and mea-
surements taken to ensure its proper location, a cement/bentonite grout was tremied in
place from the top of the seal to approximately 1 foot below the land surface. The grout
mixture consisted of potable water, bentonite, and Type I or II Portland cement with 94
pounds of cement and 5 pounds of bentonite per 6.5 gallons of water.

5. A protective man-hole cover capable of being locked to prevent unauthorized entry was
installed within 24 hours of well installation. A concrete pad was then built around the
cover. The pad was provided with a rubber gasket to prevent surface water seepage.
All wells were fitted with keyed-alike locks.

6. As soon as possible following each well installation, each well was developed by surg-
ing and/or pumping until well water was relatively turbidity free and acceptable in clarity
and specific conductivity to the Supervisory Geologist (i.e., where clarity and conduc-
tivity stabilized and showed no further improvement or reduction with continued devel-
opment). The total volume of water that was removed was estimated and recorded.
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2.4.2 Soil Boring and Abandonment Procedures

Two soil borings (i.e., B-l-1 and B-1-2) were drilled to the bottom of the aquifer at Site 1 -

Underground Fuel Storage Area, and five shallow borings (i.e., B-3-1 through B-3-5) were drilled

at Site 3 - Base Fire Training Area. Borings were drilled and sampled with the same methods as

monitoring well boreholes, but upon reaching completion depth, all soil borings not completed as

wells were abandoned by backfilling with cement/bentonite grout tremied into place. The soil

boring locations for Site 1 - Underground Fuel Storage Area are shown in Figure 2-4. Figure 2-5

shows the locations of the soil borings at Site 3 - Base Fire Training Area.

2.5 SAMPLING PROCEDURES

To help meet the RI objectives, the following standard procedures were followed for subsur-

face soils sampling, monitoring well sampling, and QA/QC.

2.5.1 Subsurface Soils Samoling Procedures

Subsurface soil sampling refers to samples collected during soil boring and monitoring well

drilling activities at Site 1 - Underground Fuel Storage Area and Site 3 - Base Fire Training Area.

In addition, background soil samples were collected from a soil boring at two locations where soil

contamination was determined to be minimal. The background soil boring locations (i.e., BK-2

and BK-3) are shown in Figure 2-6. Split-spoon samplers were used to collect samples at speci-

fied intervals (5 feet at Site 1 - Underground Fuel Storage Area, Site 3 - Base Fire Training Area
monitoring well, and background borings; 2.5 feet at Site 3 - Base Fire Training Area soil borings)

and at changes in geology throughout the depth of the boring. A Shelby tube sampler was used to

collect relatively undisturbed soil samples, which underwent geotechnical and physical character-

istics testing. Split-spoon samples were examined for a variety of characteristics, and the results of

this examination are presented in log form in Appendix A.

Two soil samples were sent to the chemical laboratory from each soil boring or monitoring
well borehole based on the onsite GC results and proximity to the water table. At Site 1 -

Underground Fuel Storage Area, the most contaminated soil samples were sent to the laboratory

for chemical characterization. If all samples showed similar or no contamination based on the

onsite GC monitoring, the first two soil samples below the water table were sent to the laboratory

for chemical characterization. At Site 3 - Base Fire Training Area, the surficial soil sample and the

most contaminated soil sample from the remaining samples were sent to the laboratory for analysis.

If all of the remaining samples showed similar or no contamination based upon the onsite GC
monitoring, a randomly selected sample was sent to the laboratory for chemical characterization.
The laboratory analyses were conducted to quantify and characterize any contamination detected

I
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during the onsite GC monitoring. Laboratory chemical and physical parameters were selected for

each site based on the SI results and are presented in Table 2-3. The chemical analytical methods,

containers, preservation methods, and holding times are listed in Table 2-4. Methods for the soil

physical characterization tests are provided in Table 2-5.

2.5.2 Monitoring of Well Sampling

2.5.2.1 Purging

Prior to purging and sample collection, static water level measurements were taken in each
well using an electric water level indicator. A water table sample was taken with a clear Teflon®

bailer to detect any free-floating petroleum product. The depth to groundwater was used to calcu-
late the casing volume of each monitoring well, and a minimum of five casing volumes of water
was purged from each well using a submersible pump. Field measurements for temperature, pH,

and specific conductance were monitored during purging to ensure that these parameters had
stabilized. Purging ensured that a representative sample of the aquifer (i.e., not stagnant well
water) was collected.

2.5.2.2 Groundwater Sampling

Groundwater samples were collected within 0.5 hours of purging each monitoring well. The
chemical parameters and analytical methods are listed in Tables 2-3 and 2-4, respectively.

Groundwater samples were retrieved with a point-source, Teflon® bailer and dispensed directly
into an appropriate pre-labeled sample bottle containing the required preservative (if any was

required) for the analyte to be tested. Additionally, some of the individual analyte samples from

each monitoring well were field filtered to minimize the effect of sediment within the water sample
and to analyze for dissolved metals rather than total metals. Field measurements for temperature,

pH, and specific conductance were taken at each monitoring well at the time of sampling.

2.5.3 Oualitv Assurance/Ouality Control

The following QA/QC samples were collected during environmental sampling:

One field blank was collected per sampling team per day prior to the start of sampling.
The blanks were prepared by pouring ASTM Type II water into sample containers at the
site to be sampled that day and were maintained with other media samples collected in the
field. Field blanks were used to evaluate the field sampling procedures.
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TABLE 2-5. S04KARY OF SOIL PHYSICAL AND GEOTECHNICAL CHARACTERIZATION
PARAMETERS AND METHODS FOR SOUTH DAKOTA AIR NATIONAL GUARD, JOE FOSS

FIELD, SIOUX FALLS, SOUTH DAKOTA

Parameter Method (1)

Soil Engineering Classification ASTM D2487

Grain Size ASTM D422

Atterberg Limits ASTM D4318

Organic Matter Content ASTM D2974

Cation Exchange Capacity USEPA SW9080/9081

Bulk Density ASTM D1587

Percent Moisture ASTM D2216

(1) SW-methods referenced from Test Methods for Evaluating SoLid Waste,
Physicat/Chemical Methods, SW-846, Third Edition, Novetfer 1986.

ASTM methods referenced from American Society for Testing and Materials.
1984 Annual Book of ASTM Standards. Section 4: Construction.
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One trip blank was collected per volatile organic compound (VOC) sample shipment con-
tainer. Trip blanks were prepared by pouring ASTM Type II water into VOC sample
containers at the offsite laboratory prior to the commencement of field activities. The
blanks were then sent to the Base in the containers holding the empty sampling bottles and
were maintained with other media samples collected in the field. Trip blanks were used to

determine if any contamination in the environmental samples was attributable to sample or
bottle transport conditions.

One bailer wash was collected for every 10 groundwater samples sent to the lat)oratory for
analysis for each site. Bailer washes consisted of pouring ASTM Type II water through
the bailer and into sample containers immediately after the bailer had been decontaminated.

One equipment blank was collected per day when soil sampling was conducted.
Equipment blanks consisted of pouring ASTM Type II water through the split-spoon
samplers and into the sample containers immediately after decontamination of the split-
spoon. These samples were then handled as other field groundwater samples. Bailer
washes and equipment blanks were used to verify the effectiveness of the field decontami-
nation procedures.

Field replicates were collected at pre-selected monitoring points for a total equal to 10
percent of the environmental samples sent to the laboratory for analysis for each site.
Field replicates were environmental samples collected at the same time and in the same
manner as the normal laboratory samples. Fie!-I replicates were not the same as laboratory
replicates but were used to assess the reproducibility of field sampling techniques.

Details of the QA/QC program are provided in Section 4.1

12.6 AQUIFER TESTING

A 72-hour constant pumping rate aquifer test was planned in the aquifer test well (AQT- 1) in

Ithe vicinity of Site 1 - Underground Fuel Storage Area. Mud rotary drilling, the accepted method

of installing large diameter wells (i.e., 12-inches), was used to install the well. This technique,

Ihowever, apparently sealed the well from the aquifer, hence, the well was incapable of producing

the flow needed for testing. The test well was not abandoned during the field program; yet, it

Icannot be sampled barring further attempts to develop the well.

As an alternative to the aquifer test well, several existing 4-inch monitoring wells at Site I -

Underground Fuel Storage Area were considered for the constant pumping rate aquifer test.

Several short-term pump tests, approximately 1 hour in duration, were conducted to determine the

Ispecific capacity of existing upgradient monitoring wells at Site I - Underground Fuel Storage
Area. Monitoring well MW-1-1, the furthest upgradient, was selected based on these tests and its

location.

A 36-hour constant pumping rate aquifer test was conducted by SAIC personnel in July 1989
within monitoring well MW-I-1 at Site 1 - Underground Fuel Storage Area. The purpose of the
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Iaquifer test was to define values of various aquifer hydrologic parameters (i.e., transmissivity,

storativity). This information is used to determine contaminant migration rates and to evaluate

potential remedial action alternatives. Aquifer testing consists of pumping a well at a cc'stant rate

and measuring the resultant drawdown within the test well and nearby observation wells at speci-

fied time intervals after the commencement of and immediately following the test. The wells

selected for the test, MW-1-1, MW-1-2, and MW-1-13, each had its well screen located in the

same sandy aquifer material and the same distance above and below the water table (within ± 2

vertical feet). These factors contributed to the reliable aquifer hydrologic data obtained from the

36-hour pump test.

A pumping rate of 80 gallons/minute (gpm) was determined through the preliminary short-
term aquifer test and values generated by response calculations performed prior to the actual aquifer
test. During the test, the discharge rate was constantly monitored to ensure that a constant rate (+/-
50 percent) was maintained. Water levels were monitored within the test well (MW-I-1) and
observation wells (MW- 1-2 and MW- 1-13) throughout testing, as well as during a 24-hour period
prior to testing to determine any antecedent water level fluctuation trends. Water level data were

recorded by a "Hermit" data logger (In-Situ, Inc.), which uses pressure transducers to accurately
detect water level changes. All groundwater was discharged into the Base storm sewer system.

As a precautionary measure, aquifer test water was screened using the onsite GC at 2-hour

intervals to ensure that all discharged water was below harmful contaminant concentration levels.
At no time during the testing did any contaminants detected in the discharge water exceed the

drinking water maximum contaminant levels or maximum contaminant level goals. Further

discussion of the procedures used for aquifer testing are presented in Appendix G.

2.7 SURVEYING OF MONITORING WELLS

After the monitoring wells were completed at the Base, they were surveyed to provide

accurate static groundwater level measurements, thereby determining the groundwater flow
direction. The survey was performed by Schmitz-Kalda Associates of Sioux Falls, South Dakota,
during May 1989. Eight previously installed monitoring wells in the vicinity of Site 1 -

Underground Fuel Storage Area (Twin Cities Testing, summer 1987) were also tied to this survey.
The survey was completed to a vertical accuracy of 0.01 feet and a horizontal accuracy of 1 foot
and was tied to the National Geodetic Survey Vertical Datum and the South Dakota State

Coordinate System.

2
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3. STUDY AREA CHARACTERIZATION

3.1 INTRODUCTION

An awareness of the environmental setting of the South Dakota Air National Guard

(SDANG) Base at Joe Foss Field in Sioux Falls, Minnehaha County, South Dakota, is important

in 1) evaluating previous Installation Restoration activities completed on the Base, 2) scoping and

completing an effective Remedial Investigation (RI) program to quantify the extent and magnitude
of environmental contamination at the sites in question, and 3) subsequently interpreting the results
of the RI work as the basis for the Feasibility Study. This section summarizes the geographical
setting, regional and site hydrogeology, regional background levels, climate and air quality, natural

resources, and human environmental information for SDANG.

3.2 GEOGRAPHICAL SETTING
3.2.1 Phyi.grapia

Joe Foss Field is the Sioux Falls, South Dakota, municipal airport. The 114th Tactical
Fighter Group of the South Dakota Air National Guard shares the airfield with civilian aviation.

The airfield is located within the city limits of Sioux Falls, South Dakota, 2 miles north of the

downtown area. The site location map is shown in Figure 3-1. Sioux Falls, Minnehaha County,

South Dakota, is located in the Big Sioux River Valley in the southeastern portion of South

Dakota. The surrounding terrain is composed of gently rolling hills, typical of the post-glacial

Midwestern United States.

The SDANG Base lies at the extreme southern edge of the Coteau des Prairies (Prairie Hills),

which is a highland plateau of the Central Lowland Province in the western part of the United

States between the Minnesota River lowland to the east and the James River lowland to the west.

The Big Sioux River, which runs adjacent to the Base, is the only large stream that drains the

Coteau des Prairies (Koch 1982).

3.2.2 Topography

The Base lies entirely within the flood plain of the Big Sioux River which has an above

bankfull stage flooding recurrence interval of 2.3 years (Jorgensen and Ackroyd 1973).

Consequently, the associated topography of the Sioux Falls area has little or no relief (Figure 3-2).

The flood plain lowland is approximately 3 miles wide at the airfield, and the airfield is nearly

centered upon it. There is no significant relief within 1 mile of either of the two sites of concern

(Site I - Underground Fuel Storage Area and Site 3 - Base Fire Training Area). The Big Sioux

River and the Diversion Channel are of low gradient near the airfield.

3-1



60th SL N. 2916

38
29

42 42 
3

i3-



-. . - Bae Popety ounatyTopgrahy f SAN

38-



3.3 REGIONAL HYDROGEOLOGY
3.3.1 Regional Geology

The geology of the Sioux Falls area is dominated by the effects of continental glaciations
during the ice ages. As mentioned earlier, the study area is within the Coteau des Prairies, a
highland plateau. Figure 3-3 shows a generalized conceptual representation of the geology of this
area. This high plateau is a reflection of a bedrock high that occurs within the area. The bedrock
high served to deflect the southward advancing ice sheets to the east and the west and protected the

highland area from glacial erosion. The Coteau des Prairies is flanked to the east and west by the
moraines of these deflected ice sheets. The meltwater from these surrounding ice sheets was
directed onto the Coteau des Prairies and into the Big Sioux River, which was a much larger

braided river at the time.

The rocks that exist within the region consist of the crystalline bedrock, overlain by as much

as 200 feet of glacial erosional deposits collectively termed glacial drift. Also, within the Big
Sioux River valley, there is a thin ( generally less than 15 feet), discontinuous mantle of alluvial
sediments overlying the drift.

In the Coteau des Prairies, the bedrock is the extremely hard, fractured Sioux Quartzite of
Precambrian Age thought to be more than 4,000 feet thick. The Quartzite forms bedrock highs

both in the Sioux Falls area and to the north near the town of Dell Rapids, forming rapids and
waterfalls in these areas. Quartzite is an ancient quartz sandstone that has been metamorphosed
into lithified rock. In outcrop sections, the formation is fine-grained, shows relict bedding

features, is extremely hard and fractured, and possesses a characteristic pink color.

At least 200 feet of glacial drift mantles the quartzite over most of the region with the
exception of areas near bedrock highs of the Sioux Quartzite where sediments overlying the

bedrock gradually thin and "pinch out." The drift consists primarily of glacial till and glacial

outwash.

The glacial till is characterized by an unstratified layer of particles of all grain sizes ranging

from clay to large boulders and is formed by the direct deposition of sediments contained within

melting ice. This till layer is more than 200 feet thick in some parts of the Coteau des Prairies but
is generally thinner within the Big Sioux River valley where it has been eroded by the scouring of
the river. The till is very thin or nonexistent in the localized bedrock high areas in the Sioux Falls

area.
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I

IRestricted lateally to the river valley and to the north and south by Quartzite outcrops, there
is at least 50 feet of coarse-grained glacial drift deposited upon the till. This drift, known as glacial

outwash, consists of coarse sand and gravel along with trace amounts of silt and clay. Outwash
was formed by the reworking and deposition of glacially derived sediments by the glacial

meltwater-fed Big Sioux River.

An inconsistent (0 to 20 feet thick) mantle of post-glacial alluvial deposits overlies the drift
within the river valley. The deposits principally consist of very fine-grained flood deposits with

some slightly coarser grained river channel deposits. Because of its thinness and surficial location,

this flood plain clay has been disturbed by construction activities throughout the valley. The
presence or absence and composition of this deposit dictate the soil composition within the river

I valley.

3.3.2 Regional Subsurface Hydrologj

The primary aquifer located within the Sioux Falls area, The Big Sioux Aquifer, comprises

approximate 36 square miles within the saturated portions of the gravelly sand, glacial outwash

deposits, as shown in Figure 3-3. Figure 3-4 illustrates the approximate boundaries of the aquifer.
The water-table aquifer is generally bounded underneath and to the east and west by glacial till and

i to the north and south by the bedrock highs of the Sioux Quartzite. These rocks form relatively
low permeability boundaries to the aquifer. The aquifer ranges in thickness from 0 feet, where the

sediments pinch out along the valley flanks and Quartzite outcrops, to as much as 50 feet within the

south-central portions of the valley.

Recharge of the aquifer is primarily by precipitation infiltration and seepage from the Big

Sioux River. Of the precipitation that fell within the drainage area of the Big Sioux River between

1970 and 1979, an estimated 90.5 percent is returned to the atmosphere through
evapotranspiration, 1.5 percent is contributed to the surface water runoff, and 8 percent is added to

Iaquifer storage (Koch 1982). Recharge by river seepage occurs primarily in the southern one-third

of the aquifer where seepage is induced by the pumping of the city of Sioux Falls municipal well

i field. During periods of low streamrflow, as much as 95 percent of the streamflow may infiltrate
into the aquifer in this area (Koch 1982). Streambed infiltration rates have been measured ranging
from 4 to 7.4 gallons per day per foot (gal/day/ft) and vary due to scouring of the streambed, the

presence of dams, dredging activities, and stream levels (Jorgensen and Ackroyd 1973).
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Discharge of the aquifer occurs through evapotranspiration and seepage into the Big Sioux

River and by groundwater pumpage. Seepage into the river occurs primarily in the northern two-
thirds of the aquifer. Groundwater pumpage occurs primarily in the southern one-third of the

aquifer by the city of Sioux Falls municipal well field. Approximately 2.3 billion gallons were

extracted from the aquifer in 1986, an amount that has been increasing in recent years as Sioux

Falls' population increases.

It should be noted that the following information represents average trends and that the
hydrologic system is dynamic, fluctuating seasonally and yearly depending on the relative

strengths of the components of aquifer recharge and discharge.

Groundwater table depths vary from 0 to 20 feet below land surface. Water table elevations

range from 1.400 to 1,470 feet above mean sea level in the southern and northern portions of the

aquifer, respectively. Yearly groundwater level fluctuation averages 4.2 feet depending on

pumping and precipitation amounts (Koch 1982). Groundwater levels tend to rise in the spring

and early summer when precipitation (snowmelt and rainfall) infiltration is highest. Levels are

lowered from mid-summer to late fall when precipitation is low and groundwater pumpage is at a

maximum.

Figure 3-5 shows the simulated groundwater elevations for the Big Sioux Aquifer under

normal conditions. In the northern two-thirds of the aquifer, groundwater flow is generally north

to south with a component of flow toward the river where groundwater discharges. In the

southern one-third of the aquifer, groundwater flow directions are dominated by the pumping of

the municipal well field. Generally, flow is directed radially inward toward the central portion of
the valley (beneath the Joe Foss Field runways), which is the approximate geographic center of the

municipal well field.

Storativity (S) is the unitless measure of the fraction of volume that gravity will drain from a

unit volume of the unconfined aquifer material. Typical values of sand and gravel range from 0.15

to 0.25 (Johnson Division 1986). Storativity of the Big Sioux Aquifer has been estimated to be

0.20, based upon grain size analyses of aquifer material (Koch 1982). Using this as an average
value, the Big Sioux Aquifer has a storage capacity of approximately 32.5 billion gallons (1.23 x
108 meters3 [m3]).
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Hydraulic conductivity (K) values range from 1,500 to 6,500 gallons per day per foot2

(gal/day/ft2) (10-2 to 10-1 cm/sec)(Koch 1982)(Ranney Water Supply Systems 1954). These
values are within values for medium sand to fine gravel (Freeze and Cherry 1979 ).

Transmissivity (T) is a measure of an entire aquifer's ability to transmit water. For example,

T values of 1,000; 10,000; and 100,000 gal/day/ft roughly correlate to aquifers that can be

developed for domestic, industrial, and municipal water supplies, respectively. T values of the Big
Sioux Aquifer range from 0 to 250,000 gal/day/ft (0.03 m2/s). This value is relatively high and

allows the production of volumes in excess of 1,000 gal/min from some wells.

The primary use of groundwater in the southern one-third of the Big Sioux Aquifer in the

vicinity of Sioux Falls is for municipal water supply for the city of Sioux Falls. The wells for this
supply are located in a well field that covers the southern one-third of the aquifer. The majority of

these wells are located adjacent to the Big Sioux River to take advantage of induced recharge

effects and to reduce the groundwater residence time thereby reducing the dissolved solids content.
Figure 3-6 and Table 3-1 show the locations of the municipal wells and 1986 pumpage for the

municipal water supply, respectively. In 1986, total pumpage from these groundwater wells

exceeded 2.1 billion gallons. The well field is augmented by two surface water intakes within the
Diversion Channel, which supplied 2.0 billion gallons in 1986. Relatively small amounts of

groundwater also are used for water supply in small communities to the north and for irrigation

purposes throughout the valley. Although not fully utilized, over 8.5 million gallons per day of

irrigation water rights have been granted for aquifer water.

3.4 SITE HYDROGEOLOGY
3.4.1 Sote Geology

The soil sampling associated with drilling operations conducted during this RI provided

information helpful in representing subsurface geology at the Base. The locations and depiction of

geologic profiles at Site 1 - Underground Fuel Storage Area are shown in Figures 3-7 through
3-9. The location and depiction of the geologic profile at Site 3 - Base Fire Training Area are

shown in Figures 3-10 and 3-11, respectively. Sediments encountered included post-glacial

alluvial deposits (flood plain clay), glacial outwash, and glacial till.

A surficial layer of post-glacial alluvial deposits was encountered in all soil borings and

monitoring well boreholes at the Base. The layer was found to be laterally continuous within the

site areas with the exception of Site 1 - Underground Fuel Storage Area, where past construction
activities have disturbed or eliminated this layer around the tank area. The 10 to 15 feet thick
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deposit consisted of a dark gray, clayey silt with traces of fine sand. Figure 3-12 shows the sieve

analysis results of two samples (B-3-1-(2) and B-3-5-(2')) of this flood plain clay layer.

The character of the post-glacial alluvial deposits determines the soil types found at the sites.

Figure 3-13 shows the soil types present in the immediate Base area that are of the Luton-Dimmick

association. These soils consist of fine-textured to moderately fine-textured flood plain soils. The

soil type underlying both sites is the Luton, which is the finest grained of the association. There

are also Rauville and Dimmick type soils close to each site, which are slightly coarser grained and

are associated with river channel deposits.

The glacial outwash was encountered underlying the surficial alluvial deposits. The outwash

was laterally continuous at both sites. The deposit ranges from 20 to approximately 25 feet thick at

Site 1 - Underground Fuel Storage Area. The bottom of the outwash was not encountered at

Site 3 - Base Fire Training Area, but well log information for the area indicates that it is

approximately 35 feet thick (Koch 1982). Samples were generally composed of gray, sandy

gravels with traces of silt and clay. Sieve analyses results of five outwash samples (aquifer

material) are shown in Figure 3-12.

The glacial till was found beneath the outwash (Site 1 - Underground Fuel Storage Area

only). The outwash/till contact, encountered by drilling, was located at a depth of approximately

30 to 35 feet. The thickness of the unit is unknown, but the geophysical data indicate a thickness

of approximately 100 to 130 feet in the vicinity of Site 1 - Underground Fuel Storage Area where

the till probably contacts the Sioux Quartzite. As shown in Figure 3-12, till samples were

composed of an extremely poorly sorted mixture of dark gray, clay, silt, and sand with traces of
gravel.

3.4.2 Site Hvdrogeologv

The saturated outwash deposits compose the Big Sioux Aquifer in the study area.

Characteristics of this aquifer are summarized in Table 3-2. The aquifer is under water table

(unconfined) conditions at both sites.

Figure 3-14 shows a hydrograph of the water levels measured in monitoring wells at Site 1 -

Underground Fuel Storage Area. Because measurements have been sporadic, it is difficult to make

definitive statements regarding water level fluctuations. Based upon this incomplete data,

however, static water levels have fluctuated more than 1.5 feet throughout the past 2 years. These
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fluctuations agree with the aquifer-wide seasonal variations of higher levels in the spring and early

summer and dropping levels during the late summer and fall.

Figures 3-15 and 3-16 are water table contour maps for the two sites on July 5, 1989. Flow

directions agree with the trend of radially inward groundwater flow toward the municipal well

field. These directions have not deviated more than 20 degrees during the periods of water level

monitoring (2 years). Water table gradients have differed by as much as 400 percent at the sites.

This large difference reflects the effect of variation in groundwater pumpage upon the aquifer.

Storativity (S) values for the aquifer material at the site were obtained through the RI aquifer

testing. There was no aquifer testing performed at Site 3 - Base Fire Training Area; however, the

value is expected to be similar because of the similarities between the sediments.

Hydraulic conductivity (K) values were obtained from Site Inspection slug test results

(average) and by calculations based upon average grain size. The slug test values appear to be low

when compared to published values for sandy gravel (Freeze and Cherry 1979). This difference

may be a result of the analysis method used (i.e., Hvorslev) and/or of well inefficiency effects due
to the extremely rapid injection of water (during testing) of the exceptionally high permeability

sediments within the aquifer. The K values determined from average grain size values agree

closely with published values. These values were determined from the following calculation

(Shepherd 1989):

where: 
K = 3500d1.65  

(1)

3,500 = Constant for river channel deposit
d = Average grain size diameter in millimeters

and
1.65 = Constant for river channel deposit.

Transmissivity (T) values were obtained from RI aquifer testing (Site 1 - Underground Fuel

Storage Area only) and by calculations based upon K values and aquifer thickness. T values

obtained from these methods agree within 10 percent and also agree with the value determined

during the testing of a nearby municipal well (Ranney Method Water Supplies 1956). The aquifer

test was conducted at Site I - Underground Fuel Storage Area in July 1989 at a pumping rate of 80
gpm for a duration of 36 hours. These testing parameters were the maximum possible using the

wells in place at the site and were adequate to obtain T and S values. See Appendix H for
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additional data on the testing and analysis procedures. T was also determined from the following
calculation:

T=--Kb (2)

where:

K = Hydraulic conductivity from grain size calculations
and b = Saturated outwash thickness.

Because of the thinness and large K of the aquifer sediments, a small change in aquifer

thickness results in a very large change in T. For example, an increase in aquifer thickness of 5

f-et in the vicinity of Site I - Underground Fuel Storage Area would increase T by 22,000 to

30,000 gpd/ft.

Groundwater flow rates (V) can be estimated using the following equation:

I V = Ki/n (3)

where:

I K = Hydraulic conductivity from grain size calculations
i = Hydraulic gradient (both high and low values)

and
n = Effective porosity of outwash.

Changes in stratigraphy and especially municipal well pumping rates would have a major

effect on these rates.

3 3.5 SURFACE WATER HYDROLOGY

3.5.1 Occurrence and Drainage Patterns

SDANG is located within the boundaries of the flood plain associated with 500-year

frequency floods (Federal Emergency Management Agency 1982). The Big Sioux River and the

flood Diversion Channel, which form the north, west, and east boundaries of the Base, are levied

in the vicinity of the airport. The levels of both the river and the Diversion Channel are controlled

by a dam on the river and a weir on the Diversion Channel, immediately downstream of the

I divergence of the two channels.

Surface drainage is poorly developed in the immediate vicinity of the airport. Surface waters
from the airport eventually find their way into the Big Sioux River to the west of the airport and

also empty into the Diversion Channel to the east, via small runs and branches located near the

airport boundaries and also via a storm sewer system. The Diversion Channel, which joins the Big
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Sioux River north of the airport, is used to supplement Sioux Falls' drinking water when the wells

are overused (HMTC 1986), as well as to divert flood waters from central parts of the city.

Surface water flow directions are shown in Figure 3-17. The Big Sioux River, west of the

Base, flows south. Water in the Diversion Channel flows south along the eastern border of the

airport. Surface flow directions within the airport grounds are not ascertainable from area maps.

The Big Sioux River has a total drainage area of more than 5,000 miles 2 (mi2) upstream of

Dell Rapids; however, about 2,000 mi2 o, the drainage area is usually noncontributing. The river

originates i.n northeastern South Dakuta and drains glacial till and outwash plains as it runs

southward to its confluence with the Missouri River at Sioux City, Iowa. The stream has a low

and nearly uniform gradient except near Dell Rapids and Sioux Falls, where it flows over outcrops

of erosion-resistant Sioux Quartzite. The streambed material consists of permeable silt and sand

except in the backwater area behind the Diversion Channel dam and the weir where it consists

predominantly of relatively impermeable clay and silt (Jorgensen and Ackroyd 1973).

In general, the Big Sioux River between Dell Rapids and Renner receives more water from

the aquifer than is discharged to the aquifer. Conversely, the river, on average, discharges water

to the aquifer between Renner and the State Highway 38 bridg- (Jorgensen and Ackroyd 1973).

The Sioux Falls well field is located in the latter area. The well field has lowered the water table so

that water presently infiltrates from the stream to the aquifer (Koch 1982).

The average annual base flow into the Big Sioux River between Dell Rapids aid Cliff

Avenue in Sioux Falls is 19 feet 3 per second (ft3/s [13,700 acre-ft]) based on streamflow records

from 1970 to 1979. Of that volume, 14.1 ft3/s is treated municipal waste water from the city c

Sioux Falls, which flows into the river, and 4.9 ft3/s (3,500 acre-ft) is streamflow gain from

groundwater and surface runoff (Koch, 1982).

3.5.2 Surface Water Ouality

Surface water quality in the Big Sioux River is monitored at two water quality monitoring

stations within 2 miles of the Base, which are operated by the South Dakota Department of Water

and Natural Resources. The two stations, shown in Figure 3-18, are numbered and described as:

" Station 46BS24, which is upstream of the Diversion Channel and the airport, along the
northern edge of the property at State Route 38A (60th Street North)

* Station 64, which is located at Falls Park, about 1 mile southeast of the airport property.
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I Water samples are collected from these locations on a monthly basis and analyzed for

conventional, inorganic, and bacteriological pollutants (fecal coliform; ammonia; ortho- and total

phosphates; conductivity; suspended solids; alkalinity; hardness; total solids; and, in May through

August only, sodium, calcium, and magnesium). Testing data for 1983 through 1989 are available

for each of the sites.

The U.S. Geological Survey maintains a gauging station (6482020) on the Big Sioux River
at North Cliff Avenue, about 1 mile east of the northern property line of the airport. The location

of the station is shown in Figure 3-18. Only streamflow and water temperature are collected on a

regular basis at this monitoring station. Water quality data were collected at this site for 1980 and

1981, however.I
For purposes of water quality standards, the Big Sioux River in the vicinity of the Base, is3 classified by the South Dakota Department of Water and Natural Resources for the following uses:

* Domestic water supply
0 Warm water semipermanent fish life propagation

* Immersion recreation3 • Limited contact recreation

* Wildlife propagation and stock watering
3 * Irrigation.

Table 3-3 lists the applicable surface water quality standards for various water quality
parameters and the measured concentrations of each of those parameters when available. When

standards for more than one use are different for a given parameter, the Department of Water and

Natural Resources mandates that the more restrictive of the two standards will apply.

Based on the available data, water quality is generally good for the parameters measured.

Data were collected at three stations along the Big Sioux River during the period 1983 through3 1989. The total dissolved oxygen exceeds the State standard of 5.0 milligrams per liter (mg/L)

with an average value of 10.71 mg/L, a minimum of 5.5 mg/L, and a maximum of 15.5 mg/L.

The average measured pH value of 8.1 is within the range set by the standards (pH 6.5 to 8.3 for

immersion recreation). pH values varied between 8.7 and 6.4 during the period of data collection.

II
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I
_ Standards were exceeded in samples from 1980 and 1982 for cadmium, arsenic, and silver in

the Big Sioux River at North Cliff Avenue just below the water treatment plant, approximately 1

mile east of the Base. Chlorinated organic pollutants were not monitored.

3- 3.5.3 Surface Water Uses

While both the Big Sioux River and the Diversion Channel are classified for use as domestic3 water supply, only the Diversion Channel is utilized extensively by the city of Sioux Falls for this

purpose.

3 The Big Sioux River in the vicinity of the Base is utilized for several recreational purposes.

Sport fishing is common in the river immediately upstream of the Diversion Channel weir, both

-- from shore and boat. The Big Sioux River west of the Base is fished minimally. Both canoeing

and fishing are common along the river between the confluence with Skunk Creek and the falls.3- The area below the falls is also heavily fished. Swimming along the Big Sioux River is not

encouraged by the city parks department and is prohibited near the falls. Covells Lake,

approximately 1 mile south of Site 1 - Underground Fuel Storage Area is utilized for recreational

_ boating and swimming. This lake is directly fed by the Big Sioux Aquifer. There is no known

recreational use of the Diversion Channel (Weires 1989).

1 3.6 REGIONAL BACKGROUND CONCENTRATIONS FOR SDANG

* 3.6.1 Groundwater Background Concentrations

An adequate data base is not available in order to establish regional groundwater quality.

Select parameters were analyzed in water samples collected from several Sioux Falls municipal
wells. However, the municipal wells which were sampled are located near a commercial industrial
district which could contribute to higher concentrations of compound-, in the groundwater than3 would normally exist at background levels. Therefore, the data may not be reflective of actual
background conditions. The groundwater quality data and the South Dakota water quality3 standards for several parameters are compared in Table 3-4.

Suitable background comparison concentrations for the specific sites of concern are provided
from the analytical results of groundwater collected from the site-specific upgradient wells: MW-I -
I and MW-3-5. These results indicate concentrations of contaminants below South Dakota waterU[ quality standards (see Table 3-4). South Dakota maximum water quality standard concentrations
exist for lead (20 gg/L), selenium (10 gg'L), chromium (50 gg/L), and arsenic (50 gg/L). These3 concentrations are higher than the average background concentrations found at SDANG (see Table
3-5): lead (11 tg/L), selenium (7 gg/L), chromium (7 gg/L), and arsenic (6 pg/L). Copper,
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TABLE 3-4. SOUTH DAKOTA WATER QUALITY STANDARDS vs. GROUNDWATER
QUALITY IN THE VICINITY OF SOUTH DAKOTA AIR NATIONAL GUARD, JOE rOSS

FIELD, SIOUX FALLS, SOUTH DAKOTA

Water luality
Average Observed Standard

Parameter Concentration (1) Concentrztion

Sulfates 329 mg/L 500 mg/L
Chloride 47 mg/L 250 mg/L
Lead 1.4 gg/L 20 /g/L
Selenium < 0.2 /g/L 10 jg/L
Chromium < 20 jig/L 50 jg/L
Arsenic 1.65 pg/L 50 gg/L
Nitrates 0.28 mg/L 10 mg/L
Fluoride 0.24 mg/L 2.4 mg/L
TOS 896 mg/L 1000 mg/L
PH NA 6.5 - 8.5

South DaKota Department of Water and Natural Resources

TDS - Total Dissolved Solids
NA - Not Available
(1) - Data were obtained from Sioux Falls, South Dakota NuncipaL Wells.

I
I
I
I
I

I
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I

I nickel, and zinc were also detected at low levels in MW-1-1 and MW-3-5 (average concentrations
of 13 jig/L, 25 pgg/L, and 42 jgg/L, respectively). Their presence in the samples taken from MW-

1-1 and MW-3-5 is likely due to the potable water rinses of sampling equipment, typifying the
water quality of the region. Organic contamination was found only in the form of bis(2-

ethylhexyl)phthalate (average concentration 8.25 pgg/L), which is a common contaminant found in
water that has been containerized in plastic. The source of this contaminant is likely to be the

plastic containers, which housed the ASTM Type II water used for equipment decontamination

rinses. This contaminant was also detected at low levels (2 gag/L) in associated equipment blanks
(EB-10 and EB- 11).

3.6.2 Surface Water and Soil Background Concentrations

Background concentrations in surface water are assumed to be represented by the water
quality data taken from the monitoring station upstream of the Diversion Channel on the Big Sioux

River. (This informa";on is provided in Table 3-6.) Between 1983 and 1989, samples were
collected monthly and tested for standard bacteriological and inorganic pollutants. No data on
organic contaminants were available.

A set of soil background samples were taken during the Site Inspection in 1987 at a location
400 feet northeast of Site 3 - Base Fire Training Area (SAIC 1988). A second set of six soil
background samples were taken during the Remedial Investigation. Maximum background3 concentrations were determined from these 10 samples, and are presented in Tables 3-7 and 3-8.
Of the listed metals, the soil samples had detectable quantities of arsenic, bery'lium, chroafium,
cadmium, copper, lead, nickel, selenium, and zinc. Of the listed volatile organics, acetone, and

xylenes were present in detectable amounts.

I The background soil borings indicate a clay-silty clay near the surface and a sandy material
near the aquifer. Results of the analysis of the clay material, shown in Table 3-7, indicate that the

dominant contaminants are metals: arsenic (4.55 mg/kg), chromium (11 mg/kg), copper (9.5
mg/kg), lead (6.10 mg/kg), nickel (14.50 mg/kg), and zinc (33.25 mg/kg). Beryllium, cadmium,
and selenium were all detected at levels below 1 mg/kg. Acetone (28.5 pg/kg), xylenes (2.5

gg/kg), and bis (2-ethylhexyl)phthalate (19.00 ag/kg) also were detected in the clay material of the

background soil borings. Acetone is commonly introduced in laboratory practices. Bis (2-

ethylhexyl)phthalate is commonly found at similar concentrations in water containerized in plastic.
Total organic carbon (TOC) concentrations and total petroleum hydrocarbon concentrations reflect3 concentrations similar to those of tentatively identified compounds (TICs) totals. TICs are

I
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TABLE 3-6. MONITORING STATION WATER QUALITY FOR SOUTH DAKOTA AIR NATIONAL GUARD,
JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

Big

Sioux Sample LocationlTotal River

PARAMETERS Units Standards Average 468S24(1) 64(2) 6482020(3)

GENERAL
Dissolved Oxygen mg/L 5 10.71 10.73 10.89 9.86
Dissolved Solids mg/L 1000 925.3 NA NA 925.3
Suspended Solids mg/L 90 NA NA NA NA
Temperature (max) *F 90 92 92 90 86
Conductivity urdos/cm 2500 998 870.4 975.7 1100.2
Alkalinity mg/L 750 217.8 216.6 219.2 212.5

PH 6.5-8.3 8.1 8.12 8.17 7.54
Fecal CoLiforms per lOOmL 200 NA NA NA PA

METALS
Arsenic mg/L 0.05 NA NA NA NA
Barium mg/L 1 NA NA NA NA
Cadmium mg/L 0.01 13 NA NA 13
Chromium mg/L 0.05 NA NA NA NA
Chloride mg/L 250 221.4 NA NA 221.4
Cyanide (free) mg/L 0.005 NA NA NA NA
Cyanide (total) mg/L 0.02 0.244 NA NA 0.244
Lead mg/L 0.05 NA NA NA NA
Mercury mg/L 0.002 NA NA NA NA

Selenium mg/L 0.01 NA NA NA NA
Silver mg/L 0.05 0.381 NA NA 0.381

3 MISCELLANEOUS INORGAMICS
Fluoride mg/L 4 NA NA NA NA
Nitrates mg/L 50 50.45 1.3 1.5 50.45
Sulfate mg/L 500 NA NA NA NA
Un-lonized NH3-N mg/L 0.04 0.01 0.0034 0.0045 0.1132
Chlorine mg/L 0.02 NA NA NA NA
Hydrogen Sulfide mg/L 0.002 NA NA NA NA

Potychlorinated Biphenyls mg/L 1E-06 NA NA NA NA
Sodium Absorption % 10 3.51 NA NA 3.51

South Dakota Department of Water and Natural Resources Water Quality Gauging Stations
(1) Station 46BS24 Upstream Of The Diversion Channel
(2) Station 6 Located At Falls Park

U.S. Geological Survey Gauging Station
(3) Station 6482020 On The Big Sioux River At North Cliff Ave.

NA - Not AvailabLe

I
I
I
I
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compounds that are not positively identifiable using current analysis instrumentatior, and U.S.
Environmental Protection Agency (EPA) methods and, as a result, have not been extensively
regulated or studied.

Analysis results of sandy (aquifer) materials, presented in Table 3-8, indicate that it is mainly

composed of inorganic materials: arsenic (1.64 mg/kg), chromium (7.00 mg/kg), copper (3.50
mg/kg), lead (3.10 mg/kg), nickel (14.38 mg/kg), and zinc (17.50 mg/kg). Selenium was detected

below 1 mg/kg. Lead was detected in the associated equipment blanks, EB-10 (2.5 .g/L) and EB-

11 (1.2 g.g/L). Zinc was detected in equipment blank EB- 11 (6 p.g/L). The concentrations of lead

and zinc detected in the associated equipment blanks are low, relative to the concentrations detected
in the aquifer material. Therefore, the concentrations of lead and zinc will be considered

background levels. Acetone (41.88 jig/kg), methylene chloride (3.00 gg/kg), and bis (2-

ethylhexyl)phthalate (52.00 jig/kg) are the organic compounds found in the sandy i.aterial. These
organics are commonly introduced by laboratory methods.

3.7 CLIMATE AND AIR QUALITY

3.7.1 Climate

Climatic data for Sioux Fails, South Dakota, are based on National Oceanic and Atmospheric

Administration records from 1958 to 1987. The mean annual temperature in Sioux Falls is 46.1VF.
Precipitation averages 25.18 inches annually. The wettest month is June, with average
precipitation of 4.14 inches. January is the driest month, with an average precipitation 0.60

inches. Annual snowfall averages 39.7 inches. Net precipitation for the area is negative 9.63
inches per year, when calculated according to the method given in the ederalBRe * (HMTC

1986). Rainfall intensity based on a 1-year, 24-hour rainfall is 4.59 inches (HMTC 1986).

The mean wind speed is 11.1 miles per hour (mph) (NOAA 1987). Seasonal wind roses for

Sioux Falls, South Dakota, based ort winds with speeds of 8 mile/hour and greater, are shown in
Figure 3-19. The annual average prevailing wind direction is south with a secondary

northwesterly trend. Mean wind direction varies seasonally (see Figure 3-19) with a mean January

wind direction of northwest and a mean July direction of south-southeast (NOAA 1987).

3.7.2 Air Quality

Air quality information is collected by the South Dakota, Department of Water and Natural

Resources at three locations within the city of Sioux Falls. The three locations are the airport,

Sioux Falls City Hall (approximately 2 miles south of the airport), and Augustana College

(appioximately 4 miles south of the airport). Total suspended particulate data are collected at all
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three monitoring stations. Sulfur and nitrogen dioxides are measured at City Hall. Inhalable
particulate data are collected at Augustana CoUegt.

Data from the three sites from the years 1982 through 1988 indicate that air quality is good in
the Sioux Falls area. Measured mean particulate zoncentrations at the a-port lie within national and
State standards (60 micrograms per meter 3 [gg/m3]) with a high measured mean concentration of
50.1 gg/m3 . Sulfur dioxide concentrations also fall within the State and atational standards of S0
gg/m 3 , with a maximum measured mean value at City Hall ot less than 5.0 pLg/m 3. Nit-ogen
dioxide concentrations at the same site also fall below the 100 gg/m3 standard, with a maximum
measured mean concentration of 25.6 gg/m3.

3.8 NATURAL RESOURCES
3.8.1 Wetlands

The U.S. Fish and Wildlife Service recognizes wetlands as vital resources for migratory
waterfowl and there-fore are considered under the Service's "no net loss of wetlands" policy (U.S.
Department of the Interior 1989). As part of the Federal Government's program to preserve and
enhance the nation's wethnds, the National Wetlands Inventory (NWI) project has developed
maps of wetland types.

The NWI map of designated wetlands in the area of the Base is presented in Figure 3-20.
Table 3-9 provides descriptions of the abbreviations used in the figure. Most of the wetlands near
the Base are temporary. Several of these small wetland areas are located near Site 3 - Base Fire
Training Area; however, no wetland areas have been identified in close vicinity to Site 1 -

Underground Fuel Storage Area.

3.8.2 Endangered and Threatened Sneies

Information on rare and threatened species that may be found within or near the project area
was obtained from the U.S. Department of the Interior and the South Dakota Department of Game,
Fish, and Parks. Table 3-10 lists these species and their environment of probable occurrence. The
species consist of two prairie plant types, an amphibian, and several species of migratory birds.
There is no reason to expect that any of these species of migratory birds would be attracted to the
site area since no critical habitats exist for these species in the vicinity of the site. Indicating these

species as being endangered in South Dakota is due to statewide recorded sitings and creates a
public awareness of their presence in South Dakota (South Dakota Department of Game, Fish and

Parks, 1990).
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TABLE 3-9. DESCRIPTIONS OF WETLAND DESIGNATIONS FOR SIOUX FALLS, SOUTH DAKOTA AREA

Designation Description

PENA Palustrine, emergent, temporarily flooded

PEMAx Palustrine, emergent, temrporarily flooded,
artificially excavated

RZUBGx Lowaer perenn~ial riverine, unconsolidated
bottom, intermittently exposed, excavated

U.S. Department of the Interior, Fish and Wildlife Service, South Dakota
State Office (1989)
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TABLE 3-10. ENDANGERED SPECIES SUMMARY FOR THE GREATER SIOUX FALLS, SOUTH DAKOTA AREA

Rare and Un que Species Expected Occurence

Bush CLover Rare in S. Dakota; occurs in native, tallgrass prairies
Lespedeza Capitata

Compass Plant Rare in S. Dakota; occurs in native, tattgrass prairies
Silphium Laciniat..n

Btanding's TurtLe State threatened species; prefers calm, shallow waters,
Emydoidee Btandingii rich, aquatic vegetation and sandy uplands for nesting

FEDERALLY ENDANGERED SPECIES

BaLd EagLe Winters along the Missouri River
Hal iaeetus Leucocephaius

Peregrine Falcon Regarded as a migrant; usually associated with wetlands
Falco Peregrinus and open areas

Eskimo Curlew A species associated with native praries
Numenius Borealis

U.S. Department of the Interior Fish and Wildlife Services, South Dakota
State Office (1989)

South Dakota Department of Game Fish and Parks (1989)
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3.9 DEMOGRAPHICS
3.9.1 LaUses

The area surrounding both Site 1 - Underground Fuel St.erage Area and Site 3 - Base Fire

Training Area is devoted to a variety of land uses as designated by the Sioux Falls Planning and
Services Department (Figure 3-21). Both sites are located near the airfield boundaries. Site 1 -
Underground Fuel Storage Area lies near the southeast comer of the airfield, which is immediately
surrounded on its southern and eastern boundaries by office and industrial areas. Beyond, are
regions devoted to low to medium density residential and park and recreational areas. Site 3 -
Base Fire Trmning Area lies nearms: iIe Aig Sioux River, which is bounded on its western shore
by public and semi-public lands with park and recreational areas and agricultural lands adjacent to
these. The southeast corner of the airfield is bounded by park area. The area immediately opposite
the Diversion Channel from the airport is devoted to the State prison farm. Schools located within
1 mile of the Base include Jane Addams elementary school (250 students), and Axtell Park Junior
High School (675 students) which are both south of the Base.

3.9.2 Population and Age Distribution

Current population and age data for the city of Sioux Falls, as well as projections for growth
through the year 2015, have been published by the Sioux Falls Planning and Services Department
(1986). In 1985, the total population was 93,700. This figure is expected to exceed 115,000 by
the year 2015.

Data describing the number and age distribution of persons living near the Base are tabulated
by census tracts. Figure 3-22 illustrates census tracts in Minnehaha County and the area of Sioux
Falls located within 3 miles of the Base. SDANG is located within census tract 1. Table 3-i1
presents 1989 census data and 1994 forecasts for these tracts, as well as general age groupings of
these data. As Table 3-11 shows, more than 112,000 persons lived in tracts near the Base in
1989. This number is forecast to increase to more than 121,000 persons by 1994. Table 3-11 also
shows that persons aged 0 to 21 represented 34 percent of the population near the Base in 1989;
persons aged 22 to 64 represented 55 percent and persons 65 and over represented 11 percent.
Forecasts in Table 3-11 show that this age distribution should change only slightly by 1994, with
the youngest group (0 to 21) decreasing from 34 to 33 percent and the middle group (22 to 64)
increasing 1 percent. Persons aged 65 and over are estimated to remain at roughly 11 percent
through the year 1994.
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TABLE 3-11. CENSUS DATA WITHIN 3 MILES OF SOUTH DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD,
SIOUX FALLS, SOUTH DAKOTA

Census PopuLation Ages 0-21 Ages 22-64 Ages 65+ PopuLation Ages 0-21 Ages 22-64 Ages 65+
Tracts 1989 1989 1989 1989 1994 1994 1994 1994

001 3643 1231 2047 365 3718 1261 2073 SU
002 6037 1774 3427 836 6267 1775 3573 919
003 3764 1332 1958 474 3806 1349 1966 491
4.01 3769 1316 2096 357 4204 1409 2375 420

4.02 9215 3313 5285 617 10161 3511 5840 810
005 3455 1130 1886 439 3482 1143 1872 467
006 2764 719 1634 411 2795 691 1710 394
007 1453 313 722 418 1495 330 767 398
008 3464 999 2014 451 3507 979 2076 452
009 3804 1069 2145 590 3847 1053 2190 604
010 3876 1436 2171 269 4403 1597 2464 342

11.01 1393 352 799 242 1642 409 950 283
11.02 11392 4526 6098 768 13452 5176 7334 942
012 5402 1402 2954 1046 5614 1395 3007 1212
013 5575 1426 3115 1034 5650 1387 3147 1116
014 1533 1105 384 44 1600 1026 515 59
015 6948 2041 3897 1010 7089 1983 4101 1005
016 3770 1128 2061 581 3821 1110 2126 585
017 3016 914 1592 510 3047 942 1530 575
018 7459 2842 4285 332 8419 2989 5000 430

19.01 2861 800 1653 408 3264 824 1893 547
19.02 4874 1804 2807 263 5562 2001 3154 407
104 12688 5007 6862 819 14259 5534 7728 99?

Total 112155 37979 61892 12284 121104 39874 67391 13839

Sioux FaLLs Planning and Services Department (1986).
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3.10 HISTORIC/ARCHAEOLOGIC RESOURCES

There are no recorded historic or archaeological sites within the boundaries of the Base

(South Dakota Historical Society 1989). Although there have been some mound sites recorded

within a 1-mile radius of the Base, much of this area has been disturbed by previous construction

activities.
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4. CHEMICAL ANALYSIS RESULTS AND SIGNIFICANCE OF
FINDINGS

This section discusses the results of the sampling and chemical analyses performed during

the Remedial Investigation (RI) field program at South Dakota Air National Guard (SDANG), Joe

Foss Field, Sioux Falls, South Dakota, and summarizes the assessment of the quality (i.e.,

accuracy and precision) and validity of these results. Results from the 1987 Site Inspection (SI)

field program and a January 1989 groundwater sampling also are incorporated. Prior to the

discussion and summary, an assessment is presented of the quality assurance/quality control

(QA/QC) program that was conducted to ensure that samples collected are represcnrtative of the

sites, and that analytical data accurately describe the characteristics and concentrations of

constituents in the samples. A summary of the QA/QC assessment appears in Subsection 4. 1; the

comprehensive QA/QC assessment is located in Appendix F. Following the QAIQC evaluation

summary, the results of the sampling and chemical analyses at Site 1 - Underground Fuel Storage

Area and Site 3 - Base Fire Training Area are discussed in Subsection 4.2 and 4.3, respectively.

There were basically three types of samples collected during the field programs:

1) groundwater probe/soil gas samples, 2) soil samples from soil borings and monitoring well

boreholes, and 3) groundwater samples from the monitoring wells. All groundwater probe/soil

i3 gas and soil samples were analyzed by onsite gas chromatography (GC). Selected soil samples,

usually two per borehole, and all groundwater samples were analyzed in the laboratory following

standard U.S. Environmental Protection Agency (EPA) methods. Section 2 presents further

discussion of sample collection and field analyses methods.

_I The groundwater probe/soil gas sampling results are presented within each site discussion

(i.e., Subsections 4.2 and 4.3) and in Appendix C. The primary purpose of these results was to

determine the extent and relative magnitude of any contamination in the horizontal plane. Because

of limitations of the onsite GC analysis in regard to volatile organic compound (VOC) identification5i and concentration, these data are used in a qualitative sense.

The soil samples were analyzed using two methods. First, samples were subjected to onsite

GC screening. Results from this screening were used to determine the vertical extent of any

contamination at the sites. Onsite GC results are presented in the individual site discussions and in5 Appendix C. Secondly, selected samples, usually two from each borehole, were analyzed in the

laboratory. These results were used to identify and quantify any soil contamination and to correlate5 results with the onsite GC screening.

3 4-1
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All groundwater samples were analyzed by the laboratory, and the results were used to
characterize the concentrations and composition of any groundwater contamination at the sites. In
addition, results were used to correlate with the groundwater probe/soil gas surveys. Summary

tables of the soil and groundwater results, including only the specific compounds detected within
the soil and groundwater samples at each site, are presented in each site discussion. Laboratory

and data validation qualifiers used to label analytical results presented in the summary tables
immediately follow each table located in Section 4. Complete listings of all-compounds analyzed in
soil wd groundwater are presented in Appendix E.

All laboratory analyses results are compared and assessed in reference to the results of the
laboratory QA/QC assessment (Subsection 4.1) and to the background concentrations of
compounds (Subsection 3.6.2). This step is taken to assess the actual impact of waste handling
practices at the sites while eliminating compounds that may be present because of outside
contamination during sample collection, shipment, or analysis or compounds that occur under

ambient or natural conditions in the SDANG area.

4.1 QUALITY ASSURANCE/QUALITY CONTROL PROGRAM

A program of QA/QC procedures was adhered to during the RI conducted at SDANG. The
intent of this QA/QC program was to ensure that collected samples are representative of the sites,
and that analytical data accurately describe the characteristics and concentrations of constituents in
the samples. The QA/QC program consisted of following routine QC procedures throughout the
program, as well as the preparation and analysis of both laboratory and field QA/QC samples.
Field and laboratory QC procedures, including trip blanks, field blanks, equipment blanks, and

field replicates, are summarized in the following discussion. Analytical results indicate the
presence of metals, volatile organics, semivolatile organics, and petroleum hydrocarbons in both

soil and water. In addition, analyses were conducted for miscellaneous inorganics in water and
total organic carbon in soils. All analyses and sample containers were provided by Laucks Testing
Laboratory, Seattle, Washington (hereafter referred to as the laboratory). A complete set of the
analytical data and a detailed QA/QC discussion are contained in Appendices E and F, respectively.

4.1.1 Field Internal Ouality Control Checks

Trip blanks, field blanks, equipment blanks, and field replicates were collected and analyzed
along with environmental samples. These samples were intended as QC checks of the sample
collection, handling, and shipping procedures, as well as of equipment decontamination
procedures.
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The following QC samples were collected for each day of sampling:

* One trip blank per container per sampling team for every batch of volatile organic

compound (VOC) samples (soils and water).

" One field blank per sampling team to be analyzed for all parameters of interest at a
particular site.

* One set of equipment blanks for every day of soil sampling for analysis of all parameters.
One bailer wash was collected for every 10 groundwater samples sent to the laboratory for
analysis of all parameters.

" One field replicate for every 10 samples.

Trip blanks were prepared prior to the sampling trip by pouring reagent-grade water into

prepared sample bottles in the laboratory. These sample bottles were randomly selected from a

supply of prepared sample bottles. Sample containers were filled and preserved to yield a
representative blank for each type of VOC analysis, resulting in a complete trip blank for the

sampling event. These trip blanks were shipped to SDANG along with empty sample bottles,

transported to the sites, and then shipped back to the laboratory with the environmental samples

collected during the sampling event. The analysis results of trip blanks were used to assess any

contamination of sample containers during transport to, storage at the site, or transport back to the

laboratory. They also serve to judge whether the contaminants detected in the environmental

samples were contributed during transport or by sample containers or are representative of

environmental conditions at SDANG. One trip blank was included in each shipping container

containing samples for VOC analysis. Six trip blanks were analyzed for VOCs by the laboratory.

The results of the trip blanks are shown in Table F-I, Appendix F.

Field blanks were prepared at the beginning of each sampling event at each discrete sampling

site by pouring ASTM Type I water into prepared sample bottles. These sample bottles were

randomly selected from the supply of prepared sample bottles received from the laboratory. A

sample container was selected, filled, and preserved in a manner that was appropriate for each type

of analysis for which environmental samples were collected. The field blanks were then analyzed
for the same analytes as the environmental samples particular to that site. Because field blanks are

collected under the same conditions as environmental samples, the results of the field blank

analyses were used to indicate the presence of external contaminants that may have been introduced

into samples during collection and to make an overall judgement as to whether the contaminants

detected in the environmental samples were contributed by conditions independent of the media
sampled or are representative of conditions at SDANG. Field blanks potentially contaminated

* 4-3
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I during transport were assessed by simultaneous evaluation of trip blank results. The analytical
results of the field blanks are presented in Table F- 1, Appendix F.

Equipment blanks (bailer washes) were prepared for manual and small automated sampling
i equipment used to collect environmental samples (i.e., equipment blanks were prepared for drill rig

sampling equipment). Equipment blanks were collected during the sampling day by pouring
reagent-grade water into/through/over clean pieces of sampling equipment, such as bailers, split-
spoon samples, shovels, and trowels, and then pouring it into prepared sample bottles. These
sample bottles were randomly selected from the supply of prepared sample bottles received from

the laboratory. The results of the analyses of equipment blanks are used to assess the efficiency of
equipment decontamination procedures in preventing cross-contamination between samples and to

I judge overall whether the contaminants detected in the environmental samples were contributed by
the sampling equipment or are representative of conditions at SDANG. The results of the
equipment blank analyses are provided in Table F-2, Appendix F.

Field replicates were collected at the same time using the same techniques as the planned

environmental samples. Replicate locations were either preselected prior to the daily sampling
activities or selected based on an abnormal instrument reading or an unforeseen field condition
(e.g., floating product or strong fuel odor). The identification of each replicate was coded to
prevent laboratory bias.

I Replicate water samples were collected with a Teflong bailer. For the purposes of the
project, water samples were designated as replicates even though several bailer volumes were
needed to fill the sample containers, depending on the number required at any one location. The
volatile fraction was collected first to minimize compound volatilization. The first bailer volumes
were used to fill the VOC vials of the environmental samples. Subsequent volumes were used to

fill the replicate VOC vials. Sample volumes for the remaining analyses were collected after the
last VOC vial was filled.

Replicate soil samples were collected with a 2-inch diameter split-spoon sampler. The

sample portion to be analyzed for VOCs was collected first to minimize sample volatilization. The
soil core was split lengthwise using a Teflon@ spatula, and the environmental sample was collected

by transferring a portion of the soil to the sample container. The replicate was collected
immediately after, using the same technique. After the volatile portion was collected, the remaining

soil was mixed on a Teflon( board and subdivided between the remaining sample containers. This
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Imixing was used only for the samples to be analyzed for inorganic (i.e., metals) and semivolatile

organic (e.g., extractables, organochlorine pesticides) parameters.

The results of the field replicate analyses were used to assess the precision of the fieldIsampling methods and to make an overall judgement as to whether the contaminants detected in the

environmental samples are representative of conditions at SDANG. The results of the field

replicate analyses are presented in Tables F-3 and F-4, Appendix F.

4.1.2 Laboratory Internal Quality Control Checks

Laboratory data validation necessitates thorough QA/QC measures to be followed by the

laboratory. These measures include holding time requirements, instrument calibration, method-

required blanks (e.g., preparation blanks, reagent blanks), surrogate and matrix spike/matrix spike

duplicate (MS/MSD) recoveries, instrument timing, and laboratory control sample analysis. A

detailed review of the results of these QA/QC procedures can be found in Appendix F. A summary

of laboratory QA/QC is presented below.

MS/MSDs are prepared by adding a known amount of one or more compounds to an

environmental sample, then analyzing for those compounds. The duplicate allows for

determination of the reproducibility of the result. The results are used to assess the analysis

precision and recovery achieved from that particular matrix.

I Method blanks are prepared prior to sample preparation within the laboratory by pouring

ASTM Type 11 water into prepared sample bottles. The analysis of these blanks are used to assess

outside contamination of the sample that may occur during sample preparation and analysis.

Spike blanks are prepared by adding a known amount of one or more compounds to ASTM

Type HI water. The subsequent analysis is used to assess analysis precision and recovery achieved

from a clean matrix.

Surrogate spikes are prepared by adding a known amount of one or more compounds to each

I environmental sample. The compounds used are ones that are not expected to be present in any of

the environmental samples. Results of these analyses are used to identify matrix interferences on

analysis results.

4
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4.1.3 Adherence to Sampling and Analysis Protocols and Procedures

Guidelines and methods were established for the sampling and analysis of environmental
samples. Specifically, there are minimum numbers of field and laboratory QC samples that must
be collected and holding times (i.e., time between sampling and sample extraction or analysis) that

must be met. Insufficient QC sample collection can cause data deficiencies that will make data
validation questionable or impossible. Failure to meet holding time requirements can result in
lowered or elevated contaminant(s) concentration(s) or no detection of compounds that actually

exist at the sampling site.

4.1.4 Summary of Oualitv Assurance/Oualitv Control Assessment Results

Evaluation and review of the field and laboratory QA/QC sample results and procedures used5 indicate that the data accurately represent the environmental samples collected. Sampling
guidelines and QC requirements were met. QC samples showed acceptance replication and that
decontamination procedures were acceptable. Laboratory analyses methods and QC requirements

were followed and showed adequate accuracy, precision, completeness, representativeness, and
comparability. A more detailed discussion concerning the data quality objectives is found in
Appendix F, Section F. 1.

Concentrations of contaminants detected in laboratory and field QAJQC samples were low
and can be attributed in most cases to known sources. The concentrations found in the QA/QC
samples do not affect the usefulness of the environmental data. The following conclusions were

made regarding the analytical data and specific compounds in question and were based on a
thorough review of the QA/QC procedures conducted by both laboratory and field personnel:

Acetone was detected in environmental samples and associated trip blanks and equipment
blanks. For these environmental samples, the presence of acetone may be attributed to
equipment handling and/or sampling procedures.

" Methylene chloride was detected in environmental samples and associated equipment
blanks and laboratory method blanks. Therefore, methylene chloride concentrations in
environmental samples may be attributed to sampling procedures or laboratory
contamination.

* Xylenes and toluene were detected in equipment blanks. Therefore, sampling procedures
or sampling equipment may be responsible for the presence of these compounds.

" Bis (2-ethylhexyl)phthalate was detected in environmental samples and associated field
blanks, equipment blanks, and laboratory method blanks. Therefore, environmental data
should be evaluated considering that the compound may have been introduced through
laboratory contamination, equipment decontamination, rinse water, or other external
sources.
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No holding time criteria have been established by the EPA for the extraction and analysis
of soil samples for total petroleum hydrocarbons (TPH); therefore, no objective judgment
of the integrity of the data based on the length of time allowed to elapse between sample
collection and analysis for TPH can be made. All soil samples were extracted and
analyzed on the same day. Percent recoveries and some relative percent difference (RPD)values for the MS/MSD analyses were greater than the upper control limits.

The recoveries of TPH in method blanks spikes conducted were within the control limits.
These results suggest that while the analyses were conducted properly, the enhanced spike
results and greater-than-desired analytical variability were due either to the native soil
matrix or to the sample holding times. Based on these QC results, the soil TPH values
should be considered lower estimates.
Various metals (i.e., lead, zinc, copper, chromium, and nickel) were detected in
equipment blanks and field blanks associated with both soi and groundwater
environmental samples. Depending on the concentrations of the compounds detected in
equipment blanks and field blanks relative to the concentrations detected in the
environmental samples, external contamination may have occurred. Sources for the
external contamination are most likely attributable to the decontamination water or
laboratory procedures.

= A complete discussion of the QA/QC procedures and results for the RI data collected at

SDANG are contained in Appendix F.

1 4.1.5 Onsite Samnle Analysis and Screening

Tracer Research Corporation (TRC) provided onsite analytical services in support of the RI
field effort. The purpose of these services was to determine which environmental samples were to

be forwarded to the laboratory for detailed analysis and to provide analysis of groundwater/soil/

samples during the installation and location of groundwater monitoring wells. A detailed
description of analytical procedures and QA/QC procedures used by TRC is contained in

* Appendix C.

4.2 SITE 1 - UNDERGROUND FUEL STORAGE AREA RESULTS

The following samples were collected during the field programs at Site 1 - Underground

Fuel Storage Area:

* Site Inspection, October 19873 - Groundwater probe survey (25 samples analyzed by onsite GC)

- Drilling, sampling, and installation of four groundwater monitoring wells (eight soil,
four groundwater samples sent to laboratory)3 * Remedial Investigation, April 1989

- Groundwater probe survey (35 samples were analyzed by onsite GC)

I
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- Drilling and soil sampling of two soil borings located adjacent to previously SI-installed,
contaminated wells (19 samples screened by onsite GC, four soil samples sent to the
laboratory)

- Drilling, sampling, and installation of 10 additional groundwater monitoring wells (74
soil samples screened by onsite GC, 20 soil samples, and 26 groundwater samples [two
rounds sent to the laboratory]).I

The location of these sampling points are shown in Figure 4-1.

14.2.1 Site 1 - Underground Fuel Storage Area Groundwater Probe SurveyResults

Figure 4-2 shows the total volatile hydrocarbon isoconcentration map, which is a composite

of 50 samples that were collected during the two groundwater probe surveys and the onsite GC

data collected at the water table (i.e., 15-foot depth). Sampling points of higher concentrations are

shown on the map as reference points. A list of the groundwater probe survey results appears in
Table 4-1 and the on-site GC analysis results are given in Table 4-2.

The map clearly shows the presence of two contaminated areas at the site. The southern area
measures approximately 280 by 160 feet at its furtherest boundaries, encompassing a contaminated

area of approximately 24,000 square feet. The highest contamination occurs in the vicinity of the

underground fuel storage tanks. This area's "spreadout" shape indicates that there has been more

than one source of contamination in this area and that these sources are associated with the

underground tanks and/or the associated piping. The northern area measures approximately 320

by 60 feet at its furthest boundaries, encompassing a contaminated area of approximately 17,000
square feet. The narrow shape and location of this area indicate that the source is associated with
the railroad ditches. Since no piping currently exists in this area and no signs of leakage were

noted when the old fuel transfer piping was removed from a nearby area in 1987, a leak during the

unloading of railroad tanker cars is the most probable cause. No such spills are known to have

occurred through Air National Guard activities; however, there were undocumented spills during

the period when the city of Sioux Falls used the former above ground storage tanks for the storage
of fuel oil in the 1970s. As expected, the orientation of both contaminated areas' longest axis is
northwest-southeast, similarily oriented to the northerly groundwater flow direction at the site.

I The maximum concentrations of total volatile organics in both areas are approximately 200,000
parts per billion (ppb), with an average concentration within the contaminated areas of

approximately 1,000 ppb.

4
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TABLE 4-1. SUMMARY OF THE RESULTS OF TOTAL VOLATILE HYDROCARBONS FROM
GROUNDWATER PROBE SURVEYS AT SITE 1 - UNDERGROUND FUEL STORAGE AREA AT

SOUTH DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

SITE INSPECTION 10/87 REMEDIAL INVESTIGATION 4/89
TOTAL TOTAL

VOLATILE VOLATILE
SAMPLE DATE HYDROCARBON* SAMPLE DATE HYDROCARBON*

WS11 10/15/87 2300 GPl-100 04/18/89 ND
WSI-2 10/15/87 34 GP1-101 04/18/89 NO
WS1-3 10/15/87 5400 GPI-102 04/18/89 190
WS1-4 10/15/87 530 GP1-103 04/18/89 3100
WS1-5 10/15/87 NO GP1-104 04/18/89 1900
W51-6 10/15/87 ND GP1"105 04/18/89 110
WS1-7 10/15/87 ND GP1-106 04/24/89 31
WS1-8 10/16/87 NO GP1-107 04/24/89 NO
WS1-9 10/19/87 NO GP1-108 04/24/89 200000
WS1-1O 10/15/87 NO GPl-109 04/18/89 43
WSI-12 10/16/87 ND GP1-110 04/18/89 NO
WS1-13 10/16/87 18 GP1-111 04/18/89 ND
WS1-14 10/16/87 8 GP1-112 04/18/89 ND
WS1-15 10/16/87 ND GP1-113 04/18/89 ND
WS1-16 10/16/87 ND GP1-114 04/18/89 NO
WS1-17 10/16/87 NO GP1-115 04/19/89 32
WS 1-18 10/16/87 NO GPI-116 04/19189 ND
WS1-19 10/18/87 ND GP1-117 04/19/89 6
WS1-20 10/18/87 NO GP1-118 04/19/89 ND
WS1-22 10/18/87 ND GPl-119 04/19/89 NO
WS1-23 10/18/87 NO GP1-120 04/24/89 NO
WSI-26 10/18/87 1200 GP1-121 04/24/89 ND
WS1-28 10/18/87 ND GP1-122 04/24/89 230
WS1-29 10/19/87 NO GPl-123 04/24/89 NO
WS1-30 10/19/87 NO GP1-124 04/24/89 76

GPl-125 04/25/89 NO
GP1-126 04/25/89 ND
GP1-127 04/25/89 10000
GP1-128 04/25/89 230
GP1-129 04/25/89 7400
GP1-130 04/25/89 530
GP1-131 04/25/89 NO
GP1"132 04/25/89 ND
GPl-133 04/25/89 ND
GP1-134 04/25/89 NO

NO - Indicates no anaLytes were detected. ' - Units are PPS.
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TABLE 4-2. SUMMARY OF RESULTS OF ONSITE GC SCREENING OF SOIL SAMPLES AT
SITE 1 - UNDERGROUND FUEL STORAGE AREA AT SOUTH DAKOTA AIR NATIONAL

GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

TOTAL TOTAL
VOLATILE VOLATILE

SAMPLE DATE HYDROCARBON* SAMPLE DATE HYDROCARBON*

81-1-5 04/11/89 70 MW1-8-5 04/17/89 ND

81-1-10 04/11/89 17000 MW1-8-10 04/17/89 2500
81-1-15 04/11/89 56000 MWI-8-15 04/17/89 38000
81-1-20 04/11/89 18000 MWI-8-20 04/17/89 18000
81-1-20R2 04/11/89 52000 MW1-8-25 04/17/89 660
81-1-25 04/11/89 36000 MW1-8-30 04/17/89 NO
DRILL H20 04/11/89 ND
81-1-30 04/12/89 30000 Mw1-9-5 04/25/89 ND
B1-1-35 04/12/89 570 mWl-9-10 04/25/89 ND
81-1-40 04/12/89 170 MW1-9-15 04/25/89 ND
B1-1-45 04/12/89 360 MW1-9-20 04/25/89 NO
51-1-50 04/12/89 220 MW1-9-25 04/25/89 NO

81-2-5 04/13/89 ND MW1-10-5 04/26/89 ND

81-2-10 04/13/89 NO MW1-10-10 04/26/89 ND
81-2-15 04/13/89 200000 MW1-10-15 04/26/89 NO
81-2-20 04/13/89 110 MW1-10-20 04/26/89 ND
81-2-25 04/13/89 120000 MW1-10-25 04/26/89 ND
81-2-30 04/13/89 8800
B1-2-35 04113/89 830 11W-11-5 04/26/89 No
81-2-40 04/13/89 NO MW1-11-10 04/26/89 ND

WNWI-11-15 04/26/89 NO

MW1-5-5 04/16/89 No MW1-11-20 04/26/89 ND
iI1-5-10 04/16/89 ND NW1-11-25 04/26/89 NO
MW1-5-15 04/16/89 190
MW1-5-20 04/16/89 79 M 112-5 04/27/89 ND
MwI-5-25 04/16/89 84 MW1-12-10 04/27/89 ND
MW1-5-30 04/16/89 36 MWI1-12-15 04/27/89 24000u

1W1-12-20 04/27/89 2400
MW1-6-5 04/16/89 ND MW1-12-25 04/27/89 640IW1-6-10 04/16/89 ND MW1-12-30 04/27/89 ND
MW1-6-15 04/16/89 0.8
MW1-6-20 04/16/89 140 MW1-13-5 04/27/89 ND
MW1-6-25 04/16/89 ND MW1-13-10 04/27/89 ND
MW1-6-30 04/16/89 ND NW1-13-15 04/27/89 ND

NW1-13-20 04/27/89 ND
MW1-7-5 04/17/89 ND NW1-13-25 04/27/89 NO
NW1-7-10 04/17/89 ND
MW1-7-15 04/17/89 ND MWI-14-5 04/28/89 ND
MW1-7-20 04/17/89 ND MW1-14-10 04/28/89 NO

MWe-14-15 04/28/89 ND
MW1-14-20 04/28/89 NO
MW1-14-25 04/28/89 NO

ND - indicates no mnatytes were detected. * - Units are PPS.
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4.2.2 Soil Sample Results

Twelve new boreholes (10 were completed as wells) were drilled during the RI field
program. Field observations during the drilling of these boreholes provided evidence of the extent
and severity of the contamination at Site 1 - Underground Fuel Storage Area. The field
observations agreed with the extent and concentration of contamination, as defined by the
groundwater probe surveys. While drilling within the source areas (i.e., MW-1-8, MW-I-12,
B- 1-1, and B- 1-2), water table soil samples commonly showed the presence of a green foam and

discolored soil with a hydrocarbon sheen and exhibited a fuel odor that could be smelled at
somedistance from the drill site. Soil samples from boreholes drilled away from the source area
exhibited only a slight soil discoloration and a mild fuel odor. No outward signs of contamination
were noted from samples collected outside of the contaminated areas, as delineated by the

groundwater probe surveys.

4.2.2.1 Onsite GC Analysis Results of Soil Samples From Site 1 - Underground
Fuel Storage Area

The results of the onsite GC analysis of soil samples collected at Site 1 - Underground Fuel
Storage Area were superimposed on the geologic profiles that are oriented parallel and
perpendicular to the principal axis of contamination, Figures 4-3 and 4-4, respectively. The
location of the sampling points are shown in Figure 4-2. The profiles show the vertical extent of

the two areas of contamination. In addition, the excellent agreement of concentration and location
of contaminated areas between the onsite GC analysis of soil samples and the groundwater probe
survey can be noted from the profile. Generally, within the contaminated areas, contamination is
found at the water table (approximately 12 feet below land surface) and extending to the
till/outwash contact at approximately 30 feet. Some boreholes showed low concentrations of
contamination below this till/outwash contact. It is unlikely, that hydrocarbon contamination has
penetrated the low permeability clay materials which are indicative of the glacial till. In most cases,

the onsite GC results showed no detectable levels of total volatile hydrocarbons in the soil samples
collected from the glacial till/outwash contact (see Figures 4-3 and 4-4). In the deeper boreholes,
where contamination was detected in the glacial till, the concentrations of total volatile
hydrocarbons were several orders of magnitude less than the concentrations detected in the sandy

outwash aquifer materials. The large magnitude of difference in the sample contamination results
and apparent permeability differences between the upper sandy outwash and deeper glacial till
suggests that the glacial till provides a natural impermeable layer, typical of clay materials, which

has not been impacted by the hydrocarbon contamination. It is suspected that the soil samples
collected from the deeper till layer were contaminated during collection as they passed through the
contaminated groundwater within the hollow stem augers. Using this 18 foot thickness (30-foot

I 4-13
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I till contact depth minus 12-foot water table depth) and the areas of contamination, as defined
through the groundwater probe survey, the volumes of the contaminated soils at Site I -

Underground Fuel Storage Area are estimated to be 432,000 and 306,000 cubic feet for the

southern and northern areas of contamination, respectively. Concentrations of the contamination3 were highest at or just below the water table, which reflects the floating characteristic of fuel

contamination. Levels as high as 200,000 ppb were found at the water table, but levels rapidly

decrease with depth averaging approximately 1,000 ppb throughout the aquifer in the contaminated

areas.

3 4.2.2.2 Laboratory Analysis of Soil Samples

The results of the laboratory analysis of soil samples at Site 1 - Underground Fuel Storage3 Area are shown in Table 4-3. Soil sampling locations, in relation to the areas of contamination

defined by the groundwater probe surveys, are shown in Figure 4-2.

I Volatile organic compounds results indicated the presence.of several compounds. Of these,

methylene chloride and acetone were found throughout the field and laboratory blanks, which3 indicates that these compounds are related to outside contamination during handling and/or analysis
and are not actual site contaminants. Of the remaining compounds, only soil borings B- 1-1 and B-
1-2 showed significant levels of identifiable VOCs (i.e., ethylbenzene, toluene, and total xylenes).

However, there were very high levels of volatile organic tentatively identified compoinds (TICs).
Volatile organic TICs are compounds that are not positively indentifiable using current analysis
instrumentation and EPA methods and, as a result, have not been extensively regulated or studied.
Volatile organic TICs in the samples at SDANG are listed in Table 4-4. Gross TIC levels range

from not detected (ND [detection limits are not given but are less than 38 gig/L, the lowest result
reported]) to 101,000 pgg/L in soil boring B-l-2. The volatile organic TIC results compare very3favorably with the extent of contamination as defined by the total volatile hydrocarbon (TVH)
results from the groundwater probe survey and onsite GC results.

1 Semivolatile organic compound (SVOC) results indicated the presence of over 20 different
identifiable compounds. Of these, bis(2-ethylhexyl)phthalate was found throughout the field and3 laboratory blanks and is considered a laboratory-induced contaminant and not reflective of actual

site contamination. Only MW-1-12 and soil boring samples B-l-1 and B-l-2 showed significant
levels of identifiable SVOCs. These sample locations are all in the vicinity of the contamination
source areas, as defined by the groundwater probe surveys. As with the VOC results, there were

elevated levels of tentatively identifiable SVOCs detected within the soil samples from this site.
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TABLE 4-3. SITE 1 - UNDERGROUND FUEL STORAGE AREA SOIL DATA FOR SOUTH
DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

(CONTINUED)

Information concerning abbreviations found on TabLe 4-3. can be
found here.

ND This corpound/parameter was not detected at or above the
detection Level.

NT This compound/parameter was not analyzed in the respective
sampling round.

(A) Lower Limit of detection represents Lowest detection limit
reported for the samples coLlected at this site. Actual sample
detection Limits wiLl vary due to percent moisture (soils only)
and dilution factor (soils and waters). Adjusted detection Limits
for individual sample results can be found in Appendix E.

(B) Compound was detected in the associated method bLank.

(CC) Continuing calibration verification relative response factor
outside control Limits.

(EB) Compound/parameter was also detected in the associated equipment
blank.

(EH) The extraction holding time was exceeded for the respective
sample.

(FB) Conpound/parameter was also detected on the associated field
blank.

(H) The CLP holding time was exceeded for this conpound/etement.

(J) Estimated value. This flag is used when the mass spectral data
indicates the presence of an anaLyte but the result is below
the sample quantitation level.

(T8) Compound or element also detected in the associated trip blank.

MWx-y-z Site x at Monitoring well y and Depth z(feet) (soil sample).

Bx-y-z Site x at Soil boring y and Depth z(feet) (background soil
sample).
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TABLE 4.-4. RENDIAL INVESTIGATION TENTATIVELY IDENTIFIED VOLATILE
ORGANIC COMPOUNDS AND SENIVOLATILE ORGANIC COMPOUNDS DETECTED AT SOUTH

DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

VoLatite Coud Name Semivotatite Compound Nmenu

2-Azido-2,3,3-trimethytbutane 2-BromophenoL
Decane ButytLcyclIohexane
1 .2-Diethoxyethane 9h-Carbazote
1,2-Dimethytcyctohexane 3-Cyclohexene-l-methanoLI2,6-Dimethyinonane 2-Cyciohexytoctane
2,6-Dimethyl-2-octene 1,2-Diethytbenzene
1-EthyL-2-methytbenzene 1,Z-Dimethytbenzene
I-Ethyt-3-methytbenzene 1,4-DimethyLbenzeneI -Ethyt-4-methylbenzene 3,4-Dimethytdecare
5-EthyL-2-inethytheptante 2,6-Dimethytnonane
3-Ethylpentane 3,6-Dimethylundecane
Hexane 4,8-DimethyLundecane
0. (3-Nethyibutyl )hydroxyLamine 1 -DotriacontanotI NethytcycLoliexane El cosane
NethyLcyc~opentane Ethytbenzene
B-MethyL-1-decene 4-EthyL-1,2-dimethyibenzene
(1-Methylethyt)benzene l-Ethyt-3,5-dimethytbenzene
2-M4ethyL-1-nitropropane l-Ethytidene-lh-indeneI 3-Nethytpentane 1 -Ethyt-2-methytcycLohexane
4-MethyL-2-propyt-l-pentanoL 3-Ethyt-2-methythaptane
1 -Propenytcyctohexane Heptacosane
Propytbenzene Heptadecane
4-Propyiheptane HexadecaneI2,2,3,3-TetramethyLhexane Hexatricontane
2,2,3,4-TetramethyLpentane 3-Hexene-2,5-dione
1,2,3-Trimethylbenzene Hexytcyciohexane
1 ,2,4-Trimethytbenzene 7-Hexyleicosane
1,3,5-Trimethylbenzene 3-MethyldecaneI1,1,3-Trimethytcyctohexane 4-Methyidodecane
2,5,5-Trimethythexane 6-Methyidodecane
3,4,5-Trimethythexane 4-Methyt-2-hexanone
2,5,5-TrimethyL-1-hexene 5-Methyl-2-hexanone
2,2,3-Trimethylpentane I-Methyinaphthatene
2,2,4-Trimathytpetane 3-Nethytnonane
2,3,3-Trimethylpentane 1-Methyt-3-propylbenzene
2,2,4-Trimethylpentanot 1-MethyL-4-propylbenzene

6-methyttridecane
3-Methytundecane
4-MethyL undecane
Nonadecane
Octacosane
Octadecanat
Pent adecaneI Pentatri contane
Pentytcyc~ohexane
Propyl benzene
TetratetracontaneI1 ,2,3,4-Tetrahydronaphthatene
1 ,2,3,4-Tetramethytbenzene
I ,2,3,5-Tetramethytbenzene
2,2,3,3-Tetramethytbutane
2,6,10, 15-TetrainethytheptadecaneI t rans-Decahydronaphtha tens
Tridecane
2,6,8-Trimethyidecane
2,7, 10-Trimethyidodecane
2, 6,11-TrimethytdodecaneI 3,4,5-Trimethyt-l-hexene
2,3,7-Trimethyloctane
Tritetracontane
Undecane
Undecyicyc Lohexan.

Some comounds were designated as aLdoL condensations and others were
designated as "*nnown".
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Semivolatile TICs found in the samples from SDANG are listed in Table 4-4. Gross semivolatile
organic TIC concentrations range from 5,450 to 43,900 jgg/L throughout the site. Background
sample results indicate that there is a natural background level of these compounds in soil that
ranges from approximately 5,000 to 10,000 micrograms/liter (ptg/L) in the SDANG area. In

addition, since low levels of semivolatile organic TICs (5 to 39 gg/L) were found within the
aqueous field and laboratory blanks, lower levels within the environmental samples could be
attributable to laboratory contamination. Semivolatile organic TIC concentrations above the 10,000
gtg/L cutoff were found within the soil samples from monitoring wells MW- 1-8, MW- 1-12, B-1-1,
and B-1-2. These soil sample locations agree with the VOC results and the source locations, as

defined by the groundwater probe surveys.

Inorganic analyses performed on soil samples from Site 1 - Underground Fuel Storage Area
were limited to lead and arsenic based upon previous investigation results. Lead concentrations in

aquifer sediments ranged from 2 to 7.1 milligrams per kilogram (mg/kg); this range generally
agrees with the background concentrations found at background boring BK-2 (2.4 to 4.1 mg/kg).
Arsenic concentrations ranged from 1.0 to 21 mg/kg. Concentrations agreed generally with the
maximum background concentration of 3.3 mg/kg with the exception of the 21 mg/kg
concentration found at MW-1-14. This concentration is unexpected at this location because of its

extreme downgradient location, which is far beyond the maximal extent of contamination, as
defined by the groundwater probe survey. No signs of site-related contamination were evident in
the MW-I-14 borehole, and the arsenic concentration from a deeper sample within the same
borehole showed normal background levels. In addition, there is no correlation between elevated
arsenic levels and hydrocarbon contaminant levels in the borings emplaced in the source areas.
Therefore, this arsenic level is most likely anomalous and not related to the hydrocarbon

contamination at this site.

Petroleum hydrocarbon results ranged from no detection (>20 mg/kg) to values in excess of

730 mg/kg in the MW-1-12 borehole. Detectable concentrations were found in MW-l-l1,
MW-1-12, MW-1-13, MW-1-14, and B-1-2, which seem to be associated principally with the
northern area of contamination in wells that otherwise show little or no other sign of

contamination. The background soil borings were placed upgradient in areas distant from the site
which showed no signs of past waste handling practices. However, soil samples from these

borings showed the highest levels of petroleum hydrocarbons of all samples collected (970 mg/kg
in soil samples BK-2) and therefore are not useful for evaluating the petroleum hydrocarbon data

collected at the site. No other site-related compounds (metals, VOCs, or SVOCs) were detected in
samples collected from MW-1-1l, MW-l-13, and MW-I-14. In addition, the groundwater probe

4-23



survey showed no signs of site-related contamination at these locations. The petroleum

hydrocarbon concentrations are most likely anomalous and may not be directly attributable to site

activities.

Total organic carbon levels range from 0.4 to 1.6 percent; the range is the same range as that

for background concentrations (0.9 to 1.4 percent). Also, these levels showed no trends that

correlate to the contamination, as defined by the groundwater probe survey.

4.2.3 Groundwater Samling Results at Site I - Underground Fuel Storage

Area

A total of 13 groundwater monitoring wells (10 RI and 3 SI) underwent two rounds of

groundwater sampling during the RI field program. In addition, a round of groundwater samples

were taken from three SI-installed monitoring wells during a treatability study in January 1989.

The results of the laboratory analysis of groundwater samples at Site I - Underground Fuel

Storage Area taken during the SI field program, the January 1989 sampling, and the RI field

program are comparatively shown in Table 4-5. Sampling locations, in relation to the areas of

contamination defined by the groundwater probe surveys, are shown in Figure 4-2.

Field observations made during the monitoring well completion, development, purging, and

sampling agreed closely with the results of the groundwater probe survey. Wells installed in the

contaminant source areas (i.e., MW-l-3, MW-I-4, MW-I-8, and MW-1-12) exhibited a foam-like

deposit on the water surface, showed a dark gray discoloration of the groundwater, and exhibited a

strong fuel odor. It should be noted, however, that none of the wells at the site showed the

presence of any free-floating petroleum product. Wells located within the area of contamination

but away from the source area exhibited a mild fuel odor, while wells outside the area of

contamination showed only a faint gray color due to a small amount of suspected silt and clay

present within the groundwater.

VOC results indicated the presence of several compounds. Of these, acetone was found

throughout the field and laboratory blanks and the background samples, which indicates that this

compound is related to outside contamination during handling and/or analysis and is not an actual

contaminant at the site. Of the remaining compounds, only monitoring wells MW- 1-4 and MW- 1-

12 showed significant levels of identifiable VOC compounds (i.e., ethylbenzene and total xylenes).

Also, s with the soil samples, there were very high levels of TICs. Volatile TICs are volatile

organic compounds that are not positively indentifiable using current analysis instrumentation and
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TABLE 4-5. SITE I - UNDERGROUND FUEL STORAGE AREA GROUNlDWATER DATA FOR SOUTH
DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA (CONTINUED)

Information concerning abbreviations found on Table 4-5. can
be foun here.

These samples were collected in January and filtered in the
field. The units were reported as mg/L rather than g/L; for
the sake of consistency, the units were changed to /ig/L. The
following detection Limits also changed: iron (0.01 mg/L)
and manganese (0.001 mg/L). If Lead was not detected at the
ICP detection Limit, then GFAA was used to achieve the lower
Limit to further analyze the samples.

WD This compound/parameter was not detected at or above the
detection Level.

NT This conmound/parameter was not analyzed in the respective
sampling round.

(A) Lower Limit of detection represents Lowest detection limit reported for
the samples collected at this site. Actual sample detection Limits will
vary due to percent moisture (soils only) and dilution factor (soils and
waters). Adjusted detection limits for individual sample results can be
found in Appendix E.

(B) Compound was detected in the associated method blank.

(CC) Continuing calibration verification relative response factor
outside control limits.

(D) Dilution analysis. This flag is associated with the (E) flag.

(EB) Compou r/paraeeter was also detected in the associated equipment
blank.

(EH) The extraction holding time was exceeded for the respective
sample.

(FB) Compound/parameter was also detected in the associated field

blank.

(H) The CLP holding time was exceeded for this compound/element.

(W) Estimated value. This flag is used when the mass spectral data
indicates the presence of an anatyte but the result is below
the sample quantitation Level.

(MD) MS/MSO RPO was outside the established control limits for this
anatyte.

(T) The anmlyte in question was found to coelute from the gas
chromatographic column with a similar anatyte also noted. The
instrtment was not able to effectively separate these two
constituents and normally reflects a similar, if not equal,
level of contamination.

(TB) Compound or element also detected in the associated trip blank.

(X) Same as (T) but was used in a different round of aaLysis with
similar results.

MWx-y Site x at monitoring well y (groundwater sample collected
in May).

GWx-y Site x at Monitoring well y (groundwater sample coLlected
in Jan/Jul).

QA-x Quality assurance samples.
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EPA methods and, as a result, have not been extensively regulated or studied. A listing of the

TICs in the samples at SDANG appears in Table 4-4. Volatile organic TIC levels range from ND
(detection limits are not given but are less than 8 }1g/L, the lowest result reported) to 1,836 pLg/L in

monitoring well MW- 1-12. Lower levels of volatile organic TICs were found within the field and
laboratory blanks and upgradient wells, indicating that low TIC levels are attributable to sample

handling and analysis. Significant (>100 gg/L) volatile organic TIC results compare closely with

the extent of contamination, as defined by the totd volatile hydrocarbon results from the

groundwater probe survey and onsite GC. When compared to previous VOC analysis results

collected during the SI (October 1987) and during a Site 1 - Underground Fuel Storage Area
treatability study (January 1989), levels of detectable VOCs have appeared to drop significantly in

the contaminated area surrounding the underground fuel storage tanks. Although there is no hard

evidence, the reduction is probably related to biodegradation of these compounds by microbes that

naturally exist within the aquifer material. Other possible explanations include contaminant
volatilization to the atmosphere, advection, and/or dispersion. Regardless of the cause, these

reductions in the source area VOC concentrations provide evidence that the ultimate source of

contamination is no longer actively releasing contamination at this site.

SVOC results indicated the presence of 20 different identifiable compounds. Of these, bis(2-
ethylhexyl)phthalate was found throughout the field and laboratory blanks and is considered a

laboratory-induced contaminant and not reflective of actual site contamination. Only the

groundwater samples from monitoring wells MW-1-3, MW- 1-4, MW-1-8, and MW-1-12 showed
significant levels of identifiable SVOCs. These sample locations are all in the near vicinity of the

contamination source areas, as defined by the groundwater probe surveys. As with the VOC
results, there were elevated levels of tentatively identifiable SVOCs detected within the

groundwater samples from this site. Semivolatile TICs found in the samples from SDANG are
listed in Table 4-4. Gross semivolatile TIC concentrations range from ND (detection limits are not

given but are less than 9 gg/L, the lowest result reported) to 1,681 gg/L throughout the site. Low

levels of semivolatile TICs (5 to 39 gg/L) were found within the field and laboratory blanks; lower

levels within the environmental samples could be attributable to laboratory contamination.

Therefore, the only groundwater samples containing significant levels of semivolatile organic TICs
were collected from monitoring wells MW-1-3, MW-1-4, MW-I-7, MW-1-8, and MW-l-12,

which generally agrees with their location relative to the contaminated areas, as defined by the

groundwater probe survey.

Inorganic analyses performed on groundwater samples from Site 1 - Underground Fuel

Storage Areas were limited to lead and arsenic based upon previous investigation results. Lead
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concentrations in groundwater ranged from ND (<1 gg/L) to 15 gg/L at MW-1-12 and fluctuated
greatly between RI samplings. Similar concentrations of lead (1.0 to 2.5 pgg/L) were also found in
some of the field and laboratory blanks, indicating that most of the levels found in samples may be
attributable to handling and/or analysis of the samples and not indicative of site conditions.
Because of the great fluctuations between results and the presence of lead in blanks, it is
impossible to determine if lead is a contaminant related to site activities. Arsenic was not detected
within groundwater at Site 1 - Underground Fuel Storage Area, with the exception of MW- 1-12 at

concentrations of 6 and 20 ug/L for the two RI samplings. This monitoring well showed high
levels of hydrocarbon contamination but it is difficult to determine the relation, if any, between the
presence of arsenic and the contamination at the site. When RI results are compared to results
collected during previous groundwater samplings during the SI and treatability study, a large
reduction in the level of inorganic compounds is noted. This reduction occurs because RI
inorganic samples were field-filtejeJ prior to analysis, which eliminated the sediment present
within the groundwater samples. Filtering was performed to obtain results that are more indicative
of the actual concentrations of these metals within the groundwater at the site. In the previous
sampling programs, this sediment was accountable for the much higher levels of lead and arsenic
within the unfiltered groundwater samples.

Elevated levels (0.6 to 2.2 mg/L) of total petroleum hydrocarbons were found only within
groundwater samples collected from monitoring wells MW-1-3, MW-1-4, MW-1-7, MW-1-8, and
MW-1-12. These values agree with the presence of other related VOCs and SVOCs within these
wells and with the limits of contamination, as defined by the groundwater probe survey.

4.3 SITE 3 - BASE FIRE TRAINING AREA RESULTS

The following samples have been collected during the field programs at Site 3 - Base Fire

Training Area:

* Site Inspection, October 1987

- Groundwater probe survey (15 samples analyzed by onsite GC)
- Drilling, sampling, and installation of four groundwater monitoring wells (eight soil,

four groundwater samples sent to the laboratory)
" Remedial Investigation, April 1989

- Groundwater probe survey (10 samples analyzed by onsite GC)
- Drilling and soil sampling of five shallow soil borings (29 soil samples analyzed by on-

site GC, 10 soil samples sent to the laboratory)
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- Drilling, sampling, and installation of one additional groundwater monitoring well (five
soil samples analyzed by onsite GC, five [includes SI wells] groundwater samples [one
round] sent to laboratory).

The location of these sampling points are shown in Figure 4-5.

4.3.1 Site 3 - Base Fire Training Area Soil Gas Survey Results

Figure 4-6 shows the TVH isoconcentration map, which is a composite of the 25 samples
that were collected during the two soil gas surveys. A complete listing of the results of these two
surveys is presented in Table 4-6. The map clearly shows that contamination is limited to the bum
pit vicinity and that the limits of contamination in all directions have been defined. The
contaminated area measures approximately 100 feet in diameter and corresponds with the limits of
the burn pit. Trace levels of VOCs identified during the SI were not verified by the latest survey.

4.3.2 Site 3 - Base Fire Training Area Soil Samnling Results

Five soil borings were emplaced at Site 3 - Base Fire Training Area, three within the burn pit
and two adjacent to the drum holding area. Field observations of two of the bum pit soil boring
locations (i.e., B-3-1 and B-3-3) included a strong fuel odor and discoloration of soil samples.
The intensity of both of these characteristics decreased with depth of the boring. The other three
borings (i.e., B-3-2, B-3-4, and B-3-5) and the monitoring well borehole (i.e., MW-3-5) showed
no outward signs of contamination.

4.3.2.1 Site 3 - Base Fire Training Area Onsite GC Screening of Soil Samples

Table 4-7 presents the results of the onsite GC screening of soil samples from Site 3 - Base
Fire Training Area. The only positive results were obtained from soil borings B-3-1 and B-3-3,
while the three other borings showed no levels of VOC contamination. Results further show that

contamination is limited to a maximum depth of approximately 10 feet. This depth is above the 14-
foot depth of the water table and within the confines of the surficial clay layer. Using the 10-foot
maximum depth and the areal extent of contamination as defined by the soil gas surveys,
approximately 310,000 cubic feet of soil contamination exists at this site.

4.3.2.2 Site 3 - Base Fire Training Area Laboratory Analysis Results of Soil
Samples

The results of the chemical laboratory analyses of samples from Site 3 - Base Fire Training
Area are presented in Table 4-8. Five different VOCs were detected within the soil samples
collected from soil borings at Site 3 - Base Fire Training Area. Of these compounds, methylene
chloride and acetone are considered to be laboratory contaminants and are not site-related
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I TABLE 4-6. SUMMARY OF SOIL GAS SURVEYS AT SITE 3 - BASE FIRE TRAINING
AREA AT SOUTH DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD, SIOUX FALLS,

SOUTH DAKOTAISITE INSPECTION 4/87 REMEDIAL INVESTIGATION 4/89
TOTAL TOTAL

VOLATILE VOLATILE

SAMPLE DATE HYDROCARBON* SAMPLE DATE HYDROCARBON*

SG3-1 10/14/87 2400 SG3-1-4 04/13/89 ND
SG3-2 10/14/87 ND SG3-2-4 04/13/89 ND
SG3-3 10/14/87 ND SG3-3-3 04/13/89 No
SG3-4 10/14/87 NO SG3-4-4 04/13/89 ND
SG3-5 10/14/87 0.3 SG3-5-2 04/13/89 ND
SG3-6 10/14/87 ND SG3-6-4 04/14/89 2
SG3-7 10/14/87 ND SG3-7-4 04/14/89 ND
SG3-8 10/14/87 ND SG3-8-4 04/14/89 ND
SG3-9 10/17/87 2200 SG3-9-4 04/14/89 ND
SG3-10 10/17/87 NoD SG3-10-4 04/14/89 ND
SG3-11 10/17/87 ND

SG-3 10/17/87 ND

SG3-1 10/7/87ND

NO Inicaesno anaLytes were detected. * units are PPB.
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TABLE 4-7. SUMMARY OF RESULTS OF REMEDIAL INVESTIGATION OSITE SCREENING
OF SOIL SA1MPLES AT SITE 3 - BASE FIRE TRAINING AREA AT SOUTH DAKOTA AIR

NiATIONAL GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

TOTAL TOTAL
VOLATI!LE VOLAT ILE

SAMPLE DATE HYDROCARBON* SAMPLE DATE HYDROCARBON*

83-1-5 04/14/89 11000 83-4-0 04/15/89 NO
a3-1-7.5 04/14/89 9200 83-4-5 04/15/89 NO
113-1-10 04/14/89 NOD B3-4-7.5 04/15/89 NOd
93-1-15 04/14/89 lid 63-4-10 04/15/89 Nod

83-2-0 04/14/89 NOd 83-5-0 04/15/89 NO
63-2-2.5 04/14/89 ND 83-5-2.5 04/15/89 NO
63-2-5 04/14/89 WiD 83-5-5 04/15/89 6
83-2-7.5 04/14/89 WiD
B3-2-10 04/14/89 No 1Wo'-5-5 04/15/89 NOD

MW:. 5-10 04/15/89 NO
93-3-0 04/14/89 100000 N143-5-15 04/15/89 ND
83-3-2.5 04/14/89 86000 1MW3-5-25 04/15/89 ND
83-3-5 04/14/89 5200
63 -3- 7.5 04/14/89 9400
83-3-10 04/15/89 38000
83-3-12.5 04/14/89 WD
B3-3-15 04/14/89 NO
B3-3-17.5 04/14/89 NO

NOd - Indicates no anatytes war* detected. *-units are PPS.
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TAStF 4-8. SITE 3 - BASF FTIE TINING ARF' SOIL OROING DATA FOR SOUTH
DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

(CONTINUED)

Information concerning abbreviations found on Table 4-9. can
be f und here.

NO This compound/parameter was not detected at or above the
detection Level.

NT This compound/parameter was not analyzed in the respective
sampling round.

(A) Lower limit of detection represents lowest detection Limit
reported for the samples collected at this site. Actual sample
detection limits will vary due to percent moisture (soils only)
and dilution factor (soils and waters). Adjusted detection limits
for individual sample results can be found in Appendix E.

(8) Compound was detected in the associated method blank.

(D) Dilution analysis. This flag is associated with the (E) flag.

(E) The analysis was performed and the concentration exceeds the
calibration range of the gas chromatograph/mass spectrometer.
If one or more of the TCL's is above the detection level, the
sample or extract must be reanalyzed for all of the
appropriate TCL's. If dilution causes results from the first
analysis to be below the detection level, both analyses would
be reported.

(Eg) Compound/parameter was also detected in the associated equipment
blank.

(FB) Conpound/parameter was also detected in the associated field
blank.

(H) The CLP holding time was exceeded for this compound/element.

(W) Estimated value. This flag is used when the mass spectral data
indicates the presence of an anaLyte but the result is below
the sample quantitation Level.

(JI) Indicates that the compound/etement was detected in the associated
method blank but was at a quantitation Level below the normal
detection level. This is also an estimation of the true
result.

(JX) A combination of (J) and (X), the conpound/element in question
coetuted but at a level Lower than the minimum level of detection.

(MR) NS/MSO EPO was outside the established control limits for this
analyte.

(S) The surrogate recovery was below the minimum control limits.

(T) Compound or element also detected in the associated trip blank.

*x-y-z Site x at Soil boring y and Depth z(feet) (background soil
sample).
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contaminants because of their detection throughout the field and laboratory blank samples. The
remaining VOCs, ethylbenzene, toluene, and total xylenes, were only found in soil borings B-3-
land B-3-3, which agrees with onsite GC results. Concentrations of these three compounds in the

two soil borings were as high as 40,000; 1,100; and 70,000 .g/kg, respectively. In addition,

there were very high levels of TICs. A list of the TICs in the samples at SDANG appears in
Table 4-4. Gross TIC levels in the contaminated borings were extremely high, ranging from

177,900 to 404,000 ptg/kg.

SVOC results indicated the presence of over 20 different identifiable compounds. Of these,
bis(2-ethylhexyl)phthalate was found throughout the field and laboratory blanks and is considered
a laboratory-induced contaminant and not reflective of actual site contamination. These compounds
were found in the highest concentrations in soil boring samples from B-3-1 and B-3-3.
Additionally, surficial samples from soil borings B-3-2 (located within the burn pit) and B-3-5

(located near the drum holding area) showed lower levels of SVOC soil contamination. As with
the VOC results, there were elevated levels of semivolatile organic TICs detected within the soil
samples from this site. Semivolatile organic TICs found in the samples are listed in Table 4-4.

Gross semivolatile organic TIC concentrations range from 11,600 to 639,000 p.g/kg throughout
the site. Background samples indicate that there are naturally existing concentrations in soil that
range from approximately 5,000 to 10,000 p.g/kg in the SDANG area. In adc.'*ion, since low
levels of semivolatile TICs (5 to 39 pg/kg) were found within the aqueous field and laboratory

blanks, lower levels within the environmental samples could be attributable to laboratory
contamination. Semivolatile organic TIC concentrations significantly above the 10,000-pg/kg
cutoff were found within all the soil borings, with the exception of B-3-4, and were generally

limited to the surficial soil samples.

The results of inorganic analysis showed no elevated levels of metals when compared to
background values for the surficial clay, indicating that there has not been any inorganic

contamination of the soil due to fire training activities.

Petroleum hydrocarbon results ranged from NID (<20 mg/kg) to values exceeding 130 mg/kg
in soil boring B-3-3. Detectable concentrations were found in all of the soil borings with the

exception of B-3-4. As discussed previously for Site 1-Underground Fuel Storage Area, the
background soil samples showed the highest concentrations of petroleum hydrocarbons of all

samples collected (970 mg/Kg in sample BK-2). Therefore, a comparison of site concentrations
versus background concentrations for this parameter cannot be made. Other correlations between

petroleum hydrocarbon and VOC and SVOC concentrations are also difficult because relatively low
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levels of petroleum hydrocarbons were detected in soil samples where VOC and SVOC
concentrations were significant (i.e., B-3-1-5 and B-3-3-0). In other cases, higher
concentrationsu" petro',uin hydrocarbons were detected where VOC and SVOC concentrations
were significant (i.e., B-3-3-0 and B-3-3-2.5). As a result, the petroleum hydrocarbon data was

not a particularly useful parameter in characterizing site-related contamination.

Total organic carbon levels range from 0.4 to 2.2 percent; the range is the same range as that
of background concentrations (0.9 to 2.3 percent). Also, these levels showed no trends that
correlate to the contamination, as defined by the groundwater probe survey.

4.3.3 Site 3 - Base Fire Training Area Groundwater Sampling Results

A total of five groundwater monitoring wells (one RI and four SI) underwent one round of

groundwater sampling during the RI field program. The results of the laboratory analysis of
groundwater samples at Site 3 - Base Fire Training Area are shown in Table 4-9. All wells

sampled at Site 3 - Base Fire Training Area showed no apparent signs of contamination and

displayed only a faint gray color due to a small amount of suspended silt and clay present in the
groundwater.

VOC results indicated that there are no identifiable compounds within any of the samples.
Gross TIC levels range from ND (detection limits are not given but are less than 8 gg/L, the lowest
result reported) to 82 jgg/L in monitoring well MW-3-4. However, lower levels within the field

and laboratory blanks and upgradient wells indicate that low TIC levels are attributable to sample
handling and analysis. Therefore, levels of TICs within these samples are not related to actual site

conditions but are most likely the result of field and/or laboratory contamination. The lack of

groundwater VOC contamination agrees with previous VOC analysis results from the SI.

SVOC results indicated the presence of only one identifiable compound, bis(2-
ethylhexyl)phthalate. However, this compound was found throughout the field and laboratory
blanks and is considered a laboratory-induced contaminant and not reflective of actual site

contamination. As with the VOC results, there were low levels of tentatively identifiable SVOCs
detected within the groundwater samples from this site. A listing of the semivolatile organic TICs
found in the samples from SDANG is listed in Table 4-4. Gross semivolatile TIC concentrations
range from ND (detection limits are not given but are less than 9 gg/L, the lowest result reported)

to 20 gg/L throughout the site. Low levels of sernivolatile TICs (5 to 39 gg/L) were found within
the field and laboratory blanks, and the lower levels within the environmental samples are

attributable to contamination during sample handling and/or laboratory contamination.
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TABLE 4-9. SITE 3 - BASE FIRE TRAINING AREA MONITORING WELL
GROUNDWATER DATA FOR SOUTH DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD,

SIOUX FALLS, SOUTH DAKOTA

information concerning abbreviations found on Table 4-10. can
be found here.

ND This compoLu:d/parameter was not detected at or above the
detection level.

NT This compound/parameter was not analyzed in the respective
sampling round.

(A) Lower Limit of detection represents lowest detection Limit
reported for the samples collected at this site. Actual sample
detection Limits wilt vary due to percent moisture (soils only)
and dilution factor (soils and waters). Adjusted detection Limits
for individual sample results can be found in Appendix E.

(B) Compound was detected in the associated method blank.

(CC) Continuing calibration verification relative response factor
outside control Limits.

(ES) Compound/parameter was also detected in the associated equipment
blank.

(EH) The extraction holding time was exceeded for the respective
sample.

(FB) Compound/parameter was also detected in the associated field
blank.

(TB) Compound or element also detected in the associated trip blank.

M/x-y Site x at monitoring welt y (groundwater sample collected in
April 1989).

GWx-y Site x at monitoring welt y (groundwater sample collected in
October 1987).
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IInorganic analyses performed on groundwater samples from Site 3 - Base Fire Training Area

showed elevated levels of several compounds, including arsenic and lead. However, because

1) concentrations were fairly consistent between wells, 2) there is little difference between

upgradient and downgradient monitoring well contaminant concentrations, and 3) there are no

signs of site-related contaminants within the groundwater, these elevated levels are most likely

background concentrations that occur in the SDANG area. When compared to levels found during

previous SI sampling, RI values of inorganic compounds are much higher. The reason for this is

unknown.

No elevated levels of total petroleum hydrocarbons were found within groundwater samples

collected from Site 3 - Base Fire Training Area. This agrees with the absence of any other related

VOCs and SVOCs within these monitoring wells.

I
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* . PUBLIC HEALTH RISK EVALUATION

5.1 INTRODUCTION

This section presents the baseline risk assessment of exposure to chemicals present at or

released from the South Dakota Air National Guard (SDANG) Base. Site 1 - Underground Fuel

Storage Area and Site 3 - Base Fire Training Area are currently being evaluated. At Site I -
Underground Fuel Storage Area, leaking underground fuel storage tanks have contaminated
subsurface soils and have been identified as a source of groundwater contamination. Fire training
activities at Site 3 - Base Fire Training Area have resulted in the release of contaminants to the soil
at the site. As discussed in Section 4.3.3, several inorganic compounds were detected in the
groundwater at Site 3 - Base Fire Training Area. However, the concentrations are considered to
be background levels that occur in the SDANG area because 1) concentrations were fairly consis-

tent between monitoring wells, 2) there is little difference between upgradient and downgradient
monitoring well contaminant concentrations, and 3) there are no signs of site-related contaminants
in the groundwater. The presence of one organic compound (bis[2-ethylhexyl] phthalate) in the
groundwater sampled at Site 3 - Base Fire Training Area is attributed to laboratory contamination

and not reflective of actual site contamination. The risk evaluation presented here provides an

assessment of the compounds detected in the groundwater, without consideration of background
levels or laboratory contamination, as a conservative approach to evaluating the potential risks to

human health.

The baseline risk assessment at SDANG is conducted for two primary purposes: to evaluate

the current and potential risks to human health and to evaluate the need for site remediation. The
risk assessment evaluates the potential for adverse noncarcinogenic and carcinogenic effects

following long-term or chronic exposure to site-related contaminants. The assessment also incor-
porates comparison of environmental quality data with applicable or relevant and appropriate

Federal and State requirements (ARARs).

In many instances, risk assessments must be considered a tool for use in selecting appropri-

ate remedial alternatives. Although current exposure to humans may be negligible or even nonexis-
tent, risk assessment may still be warranted to project potential risks of future site or environmental

resource use. A projection of hypothetical risks is often developed to obtain a useful measure of

the magnitude or extent of site contamination.

A diversity of inorganic and organic chemicals are present in the groundwater beneath3 Site 1 - Underground Fuel Storage Area at SDANG. However, the groundwater at this location
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is not used as a source of drinking water by Base personnel. The public drinking water supply,

although not contaminated, is linked hydrogeologically to the contaminated aquifer system beneath
Site 1 - Underground Fuel Storage Area. Soils at both sites have been found to be contaminated.

Therefore, the baseline risk assessment includes evaluation of hypothetical exposure to ground-
water as a drinking water source and to soils through inadvertent ingestion exposure.

As noted above, the baseline risk assessment is an evaluation of potential long-term risks to

human health. This requires the development of chronic dose estimates for all chemicals and
exposure pathways of concern. In developing these estimates, the recent Remedial Investigation

monitoring data for 1989 have been "pooled" with the Site Inspection (SI) data obtained previously

for 1987 to develop the most meaningful measures of long-term exposure. Mean environmental
concentrations for these 2 years have been calculated and used as the basis for dose estimates and

the characterization of chronic risk.

5.2 RISK ASSESSMENT

5.2.1 Hazard Identification

Sampling and analysis of environmental media at Site 1 - Underground Fuel Storage Area

and Site 3 - Base Fire Training Area have revealed the presence of contaminants in the ground-
water at Site 1-Underground Fuel Storage Area and the soils at both sites. As discussed more fully

in Appendix H, the first step in the risk assessment process is to identify all subject chemicals of
concern that will serve as the focus of the evaluation. All potentially carcinogenic compounds have

been included in the evaluation. Noncarcinogenic effects are considered for all chemicals that have
been detected for which verified reference doses are available or could be established based on

structural and toxicological similarities.

In addition to the chemicals detected at the sites under investigation, numerous "tentatively
identified compounds" (TICs) have been reported in the groundwater and soils. These compounds
are primarily aliphatic and olefiic hydrocarbons that would be associated with the presence of

fuel. Although these compounds have not been verified, a screening level evaluation has been
incorporated into the baseline risk assessment to examine the potential significance of these

additional compounds in environmental media at Site 1 - Underground Fuel Storage Area and Site
3 - Base Fire Training Area.

35-2

I



3 5.2.2 Annlliable or Relevant and Appropriate Requirements

5.2.2.1 Identification of Applicable or Relevant and Appropriate Requirements

The identification and selection of ARARs is an ongoing and iterative process, beginning at

the SI phase and reaching completion during the Feasibility Study. At this point in the assessment3 of Site I - Underground Fuel Storage Area and Site 3 - Base Fire Training Area, it is appropriate

to identify potential ARARs that ultimately may be used in the development of remediation goals

-3 (cleanup levels).

A chemical-specific criterion or standard becomes an ARAR if it is found to be applicable or
relevant and appropriate to the particular circumstances at a waste site under investigation.
Applicable requirements promulgated under Federal or State law will specifically address a3hazardous substance or pollutant, action, or location at a Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA [hazardous waste]) site. Relevant and appropriate
requirements, while not "applicable," address problems or situations sufficiently similar to thoseUencountered at the CERCLA site that their use is well suited to the particular circumstance. The
U.S. Environmental Protection Agency (EPA) guidance on determining whether a requirement is

Sapplicable or relevant and appropriate is provided in CERCLA Compliance with Other Laws
Manual (USEPA 1988a).

These two classes of requirements (i.e., applicable or relevant and appropriate) also differ in
the amount of discretion allowed in their identification. The revised National Contingency PlanInotes that applicable requirements are identified by a largely objective comparison to the circum-
stances at the site (USEPA 1988b). A chemical-specific requirement is concluded to be applicable
if there is a one-to-one correspondence between the requirement and the circumstances at the site.

EPA indicates that there is little discretion involved in this determination. Relevant and appropriate3requirements, however, are determined using best professional judgement as to whether the

requirement addresses problems or situations that are generally pertinent to conditions at the site

(i.e., relevant) and "well-suited" (i.e., appropriate as a remediation goal).

At the SDANG sites, none of the identified Federal criteria and standards (i.e., maximum3] contaminant levels [MCLs], maximum contaminant level goals [MCLGs], and Federal ambient
water quality criteria [FWQC]) may be considered "applicable" requirements. None of these

requirements specifically address the circumstances of observed groundwater contamination. The

MCLs and MCLGs would be applicable if site-related chemicals were observed in a public water

supply system, and contamination was present at the tap. (The same reasoning is appropriately

used for the South Dakota State drinking water standards). FWQC were developed for surface

3 5-3
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water systems and although these requirements may be relevant and appropriate for groundwater in

the absence of MCLs, they are clearly not "applicable" as remediation guidelines for groundwater.

According to EPA, a requirement may be determined to be relevant and appropriate if the

established health or environmental limit is based on an exposure scenario that is similar to the

potential exposure at a CERCLA site (USEPA 1988b). EPA considers this to be the focal point for

determining if a requirement is relevant and appropriate. The objective of the Safe Drinking Water

Act (SDWA) is to ensure that potable water supplies are safe for human consumption. At SDANG

the primary regulatory concern is that groundwater contamination may preclude use of a potential

source of drinking water. Based on this comparison, the situation is sufficiently similar to the

problems addressed by the SDWA-that MCLs would be considered relevant requirements.

EPA has determined, as a matter of policy, that MCLs will be relevant and appropriate for

groundwater or surface water that currently is or may be used directly for drinking (USEPA

1988a). The Agency points out that although groundwater beneath a waste site under investigation

may not be a current source of public drinking water and the wells do not belong to a public water

system (and therefore do not meet the jurisdictional prerequisites for the SDWA), the water may

still be a potential source of drinking water (provided it is not a Class Mf aquifer). EPA concludes

that because the contaminated groundwater may be used directly as a potable supply in the future,

MCLs should be identified as a "probable relevant and appropriate standard" (USEPA 1988a).

MCLs for a toxic chemical are enforceable EPA standards and are allowable limits for lifetime

exposure to the contaminant in public drinking water supplies. The MCL is established, taking

into consideration potential health effects and the feasibility of attaining such a concentration given

the best available technology, treatment techniques, and costs.

As part of the process for developing a final drinking water standard MCL, MCLGs are

developed. MCLGs are nonenforceable health-based guidelines established at concentrations that

are associated with no known or anticipated adverse health effects for chemicals in public drinking

water supplies. MCLs are set at concentrations as close to MCLGs as feasible.

FWQC are guidelines for chemicals in surface waters developed by the EPA Office of Water

Regulations and Standards for the protection of aquatic life and human health. Although these are

not enforceable standards, they represent scientific data and guidance to be used by the States in

developing water quality standards.
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State environmental standards are those promulgated by the State for the protection of
environmental quality and may be applicable or relevant and appropriate for evaluating remedial

actions at waste sites in that State. The availability of and numerical values for these standards

vary widely from state-to-state. If State standards are available and are different from the ARARs

proposed by EPA, then EPA guidance specifies that the more stringent of the two standards be

used in waste site evaluation (USEPA 1988c).

MCLs, MCLGs, and FWQC are identified as potential ARARs at SDANG. As noted previ-

ously, EPA considers MCLGs relevant and appropriate for evaluating groundwater (i.e., as a
potential drinking water source) when multiple contaminants or pathways may present excess

lifetime cancer risks exceeding 10-4 . FWQC were included at this stage as an additional point of

comparison for chemicals for which MCLs are not available. EPA indicates that FWQC adjusted

for drinking water only may be relevant and appropriate under such circumstances.

Table 5-1 lists available Federal and State chemical-specific ARARs for the subject com-
pounds identified at Site 1 - Underground Fuel Storage Area and Site 3 - Base Fire Training Area.
A comparison of the inorganic compounds detected at Site 3 - Base Fire Training Area is made

with Federal and State ARARs. However, it should be noted (as discussed in Sections 4.3.3 and

5. 1) that the elevated concentrations of inorganics detected at the site are considered to be back-

ground concentrations that occur in the SDANG area. A comparison with ARARs for the organic
compound [bis(2-ethylhexyl)phthalate] detected at Site 3 - Base Fire Training Area is also made,

though this compound is believed to be a laboratory-induced contaminant and not reflective of
actual site contamination. The presence of organic and inorganic compounds in the groundwater at
Site 3- Base Fire Training Area is not considered to be site-related; however, this evaluation is

conducted in order to make the most conservative assessment of the risks to human health.

Table 5-1 lists 1) the EPA primary drinking water standards (MCLs), 2) EPA drinking water

MCLGs, 3) EPA ambient water quality criteria for the protection of human health (FWQC),
adjusted for drinking water only, and 4) South Dakota State drinking water standards. In addition,

Federal Drinking Water Health Advisories are provided as an additional point of reference. Note
that Drinking Water Health Advisories are not ARARs but are considered other values "to be con-

sidered" in assessing the significance of observed levels of environmental contamination.

I
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I

3 5.2.2.2 Comparison With Applicable or Relevant and Appropriate Requirements

Concentrations of chemicals in the groundwater at Site I - Underground Fuel Storage Area
_3 and Site 3 - Base Fire Training Area are evaluated by comparing mean and maximum observed

levels with potentially relevant and appropriate Federal and State ARARs. Note that ARARs are

not available currently for chemical contaminants in soil.

Table 5-2 provides a summary of mean and maximum levels of chemicals in groundwater at

Site I - Underground Fuel Storage Area and an indication of the compounds that exceed potential
ARARs. As shown, the mean concentration of lead and benzene in groundwater exceeded the3 MCLs (enforceable standards) or MCLGs (nonenforceable health-based guidelines) currently
established or proposed for promulgation by the EPA Office of Drinking Water. Based on the
observed maximum concentrations in groundwater, ethylbenzene was additionally found to exceed

the proposed MCLG. At Site 1 - Underground Fuel Storage Area, chemicals for which the mean
and maximum concentrations in groundwater exceeding FWQC adjusted for drinking water are as

follows: arsenic, benzene, and the polynuclear aromatic hydrocarbons (PAls).

Table 5-3 compares ARARs with mean and maximum concentrations of chemicals in
groundwater samples from Site 3 - Base Fire Training Area. As shown, the mean and maximum3 levels of lead exceed the proposed MCLG of 0.0 ig/L. Concentration of chemicals did not
exceed MCLs or nonzero MCLGs. The mean and maximum concentrations of arsenic and nickel3l exceed FWQC adjusted for drinking water only.

5.2.3 Exposure Assessment

3 The exposure assessment addresses several major issues: 1) the behavior of site-related

contaminants in the environment, 2) identification of receptors at risk and routes of exposure; 3)3 projection of environmental concentrations of site-related chemicals at points of exposure; 4) and

characterization of dose. It is critical that the results of risk assessment be interpreted in the context
of the exposure assumptions/scenarios that form the basis of the evaluation. Much of the uncer-

tainty in the results of risk assessment may be attributed to the assumptions used in the exposure
assessment.I

Derivation of risk estimates are based on estimates of the "reasonable maximum exposure" of3 SDANG personnel to chemicals in groundwater and soils. These estimates are measures of
hypothetical risk to a maximally exposed individual. At all sites, risks are characterized separately

for exposure to each environmental medium. Given that groundwater beneath the sites under
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investigation is not currently used by Base personnel as a source of potable water, receptors are not
projected to be exposed simultaneously to chemicals in groundwater and soils. Combined (i.e.,
simultaneous) exposure to chemicals originating from both sites is likewise not a concern.

Hypothetical exposure to subsurface soils is also considered in the risk assessment.
Although there is currently no exposure to the soils below the land surface at Site I - Underground
Fuel Storage Area and Site 3 - Base Fire Training Area, a risk characterization is conducted to
develop a measure of the significance of the observed levels of contamination. An equilibrium
partitioning approach is adopted to project the concentration of site-related contaminants in soil
pore water corresponding to the measured concentrations of chemicals in the soil matrix.
Appendix H presents a detailed overview of the methods used in the equilibrium partitioning
analysis. An extremely conservative risk estimate is then developed by projecting the potential for
adverse health effects associated with exposure to the soil pore water. The concentration of
chemicals in the aquifer beneath the site would never exceed the projected concentrations in pore
water. Given the effects of dilution, attenuation, and transformation, the groundwater concentra-
tions are likely to be orders of magnitude less that the projected pore water concentrations.

5.2.3.1 Exposure Assumptions for the Groundwater Ingestion Pathway

The following assumptions are the basis of the exposure assessment for groundwater. These
assumptions have been used in developing the chronic dose estimates of hypothetical exposure of
human receptors to groundwater beneath Site I - Underground Fuel Storage Area and Site 3 -
Base Fire Training Area.

" The receptors at risk are 70-kilogram (kg) adults projected to ingest 2 liters of water per
day, 5 days per week, 50 weeks per year, for 20 years of a 70-year lifetime. Note that no
one at SDANG or in the vicinity currently is using water from the contaminated plume
beneath the sites as a source of drinking water. A hypothetical risk estimate has been
developed for comparative purposes in evaluating the magnitude of groundwater contami-
nation at the sites under investigation.

* All chemicals in groundwater are considered to be conservative (i.e., they do not
transform or degrade over the period of exposure).

* Dose estimates are derived based on mean levels of chemicals observed in groundwater
samples. Sampling data were pooled for 1987 and 1989, and the overall arithmetic mean
of the yearly mean samples was used in developing estimates of long-term dose. Not
detected results were exclu from analysis and calculation of the arithmetic mean.

" All chemicals in groundwater are considered to be 100-percent bioavailable for uptake and
absorption by humans.
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5.2.3.2 Exposure Assumptions for the Surface Soil Ingestion Pathway

The receptors at greatest risk of exposure to contaminated surface soils at Site 3 - Base Fire

Training Area are Base personnel. Given that the facility is fenced, the potential risks to the

general population are insignificant in comparison. The pathway that is projected to drive the

overall magnitude of the exposure estimate is direct, inadvertent ingestion of soils. The following

assumptions have been used in the assessment of exposure of personnel at the facility to chemicals

in surficial soils:

Base personnel are the receptors at primary risk. These receptors are 70-kg adults,
projected to inadvertently ingest 0.1 grams of soil, 5 days per week, 26 weeks per year
(i.e., taking into consideration snow cover), for 20 years of a 70-year lifetime.

* All chemicals in surficial soils are considered to be conservative (i.e., they do not trans-
form or degrade over the period of exposure).

0 Dose estimates are derived based on mean levels of chemicals measured in surface samples
(i.e., 0 to 5 feet below land surface [BLS]). Not detected results were excluded from the
analysis and calculation of the arithmetic means.
All chemicals in soils are considered to be 100-percent bioavailable for uptake and absorp-
tion by humans.

5.2.3.3 Exposure Assumptions for the Subsurface Soils

The following assumptions are the basis of the exposure assessment for chemicals in subsur-
face soils. These assumptions have been used in developing the chronic dose estimates of

hypothetical exposure of human receptors to soils below the land surface at Site 1 - Underground

Fuel Storage Area and Site 3 - Base Fire Training Area.

" The receptors hypothetically at risk are 70-kg adults projected to ingest 2 liters of water per
day containing contaminant levels equal to the equilibrium pore water concentration. The
receptors are assumed to ingest this water 5 days per week, 50 weeks per year, for 20
years of a 70-year lifetime. Note again that this is simply a hypothetical risk estimate
developed for comparative purposes only in evaluating the magnitude of subsurface soil
contamination at the sites under investigation.

" The equilibrium partitioning analysis is based on the use of the Freundlich isotherm and
the soil organic carbon-water partition coefficient. This method is most appropriately used
for nonionizing, nonpolar organic compounds. Because the equilibrium behavior of
inorganic contaminants is not as reliably predicted by this methodology, the risk character-
ization focuses only on the organic chemicals found in the subsurface environment.

* All chemicals in soils and pore water are considered to be conservative (i.e., they do not
transform or degrade over the period of exposure).

I Dose estimates are derived based on equilibrium pore water concentrations. These
concentrations are calculated based on mean levels of chemicals observed in subsurface
soil samples for the full soil column. Sampling data were pooled for 1987 and 1989, and3 the overall arithmetic mean of the yearly mean samples was used in developing estimates

3 5-11



of long-term dose. Not detected results were excluded from analysis and calculation of the
arithmetic mean.

All chemicals in pore water/groundwater are considered to be 100-percent bioavailable for
uptake and absorption by humans.

5.2.4 Toxicity Assessment

Toxicity measures are required to evaluate the results of exposure assessment and derived

estimates of chronic dose. The risk assessment at SDANG focuses on the potential for long-term

effects of exposure to chemicals present in groundwater and soils. As discussed in Appendix H,
the toxicity measures of greatest importance for evaluating risk to human receptors are the EPA
reference doses (RfDs) and carcinogenic potency factors.

Table 5-4 lists available toxicity measures for all chemicals identified at Site 1 - Underground
Fuel Storage Area and Site 3 - Base Fire Training Area. These measures are obtained primarily

from the EPA Integrated Risk Information System on-line data base and the EPA Health Effects
Assessment Summary Tables (FY 1989). The EPA Superfund Public Health Evaluation Manual

(USEPA 1986) is used as a secondary alternate source. In the absence of toxicity data, RfDs may
be assigned to subject chemicals based on structural/toxicological similarities. In addition to the
toxicity measures in Table 5-4, an indication is provided of the primary noncarcinogenic effect of
concern (i.e., the organ system or tissue that is the primary target of the toxic manifestation of the
subject chemical).

5.2.5 Risk Characterization

Risk characterization brings together the results of the toxicity and exposure assessments.
Estimates of chronic dose are compared and combined with the selected toxicity measures to

develop an indication of the potential for adverse health effects. (See Appendix H for more

detailed information on the methods used in risk characterization.)

5.2.5.1 Site 1 - Underground Fuel Storage Area

Table 5-5 presents the results of risk assessment of chemicals in groundwater at Site 1 -

Underground Fuel Storage Area. A summary of mean levels of chemical contaminants observed in
the environment is shown in column two. Based on these mean values, estimates of chronic
lifetime dose are developed, and the measures used in risk characterization are derived: 1) a hazard
index for noncarcinogenic effects, and 2) a measure of the excess lifetime probability of cancer.
Risk estimates are provided separately for exposure to each chemical and then for combined

exposure across all chemicals for a given site.

5-12
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TABLE 5-5. RISK CHARACTERIZATION FOR EXPOSURE TO SITE 1 UNDERGROUND FUEL STORAGE AREA GROUNDWATER
AT SOUTH DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

Hazard Excess
Mean (a) Quotient Noncarcinogenic Lifetime

Concentration Noncarcinogenic Effects: Carcinogenic
in Groundwater Effects (b) Target Organ Risk (b)

Chemical (ug/L) (Dose/RfD) System (Dose x ql*)

INORGANICS

Arsenic 8.08 1.58E-01 Skin, Lung BE-05
Lead 8.62 1.21E-01 CNS, Kidney

ORGAN I CS

Acenaphthene 4.50 2.21E-04 Liver, Kidney
Acetone 7.10 1.39E-03 Liver, Kidney
Anthracene 5.70 2.80E-04 Skin
Benzene 42.20 Hematopoietic Sys. 7E-05
Benzo(a)anthracene 3.35 1.64E-04 Skin 2E-04
Benzo(b)ftuoranthene 5.50 2.70E-04 Skin 4E-04
Benzo(k)ftuoranthene 5.50 2.70E-04 Skin 4E-04
Bis(2-ethythexyt)phthatate 63.41 6.22E-02 Liver 5E-06

Chrysene 3.35 1.64E-04 Skin 2E-04
Ethytbenzene 372.42 7.31E-02 Skin, Liver, Kidney
Dibenzofuran 3.30 6.48E-02 Thymus, Liver, Skin
2,4-Dimethytphenot 12.75 4.17E-01 Liver, Kidneys, Heart
Di-n-butyt phthatate 4.00 7.85E-04
Di-n-octyt phthatate 2.00 1.96E-03 Skin
Fluoranthene 9.65 4.73E-04 Skin
FLuorene 4.35 2.13E-04 Skin
2-MethyinaphthaLene 11.75 5.76E-04 Skin
NaphthaLene 22.68 1.11E-03 Eye, BLood

Phenanthrene 8.00 3.92E-04 Skin
Pyrene 10.15 4.98E-04 Skin
Xylenes 1725.04 1.69E-02 CNS

Hazard Index: Combined Exposure 9.22E-01

Excess Lifetime Cancer Risk: 1E-03
Combined Exposure

a. Arithmetic man of yearly means for 1987 and 1989 sampling sets. Not detected results
were excluded from analysis and caLcuLation of the mean.

b. Dose caLcuLated assuming hypothetical ingestion exposure of base personnel to contaminated groundwater.
Exposure assumptions: consumption of 2 Liters of water per day, by a 70 kg adult, 5 days per week,
50 weeks per year, for 20 years of a 70 year lifetime.
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As shown in Table 5-5, the hazard index (HI) is calculated to be approximately 9.2 x 10-1.

No adverse noncarcinogenic effects would be anticipated in personnel hypothetically exposed to
groundwater over the projected 20-year exposure period given the exposure assumptions presented
previously. (Note that the potential noncarcinogenic effects of exposure to benzene were not
evaluated. No RfD for benzene is available.) The excess lifetime cancer risk is projected to be
approximately 1 x 10-3. This hypothetical risk estimate exceeds the acceptable range established by
EPA for protection of human health and selection of remedial alternatives under the Superfund
program (NCP:55 FR 8666: an excess lifetime cancer risk of 10-6 to 10-4).

The cancer risk estimate derived is extremely conservative in that the carcinogenic potency
factor for benzo(a)pyrene has been used (in the absence of other toxicity data) in risk characteriza-
tion of the other carcinogenic PAHs detected. Based on EPA studies, benzo(a)pyrene is orders of

magnitude more potent a carcinogen than the other PAHs present in groundwater. The excess
lifetime cancer risk estimates for exposure to the PAHs would therefore fall below 10-4 . The
combined cancer risk estimate for arsenic and benzene alone, however, exceeds 104 (i.e., approx-

imately 2 x 10-4).

There was no chemical contamination in surficial soils at the site. Therefore, inadvertent

direct ingestion exposure to surface soils was not evaluated at Site 1 - Underground Fuel Storage
Area. Hypothetical exposure to subsurface soils has been considered in the risk assessment for
Site 1 - Underground Fuel Storage Area. As noted previously, there is currently no exposure to3 the soils below the land surface at the site. However, a risk characterization is conducted to

develop some measure of the significance of the observed levels of contamination. An equilibrium3partitioning approach (described previously and in Appendix H) is adopted to project the concen-
tration of site-related contaminants in soil pore water. Exposure and risk estimates are then derived
for hypothetical ingestion exposure to groundwater containing site-related contaminants at the

equilibrium soil pore water concentration.

Table 5-6 presents the results of this analysis. As shown, the HI is calculated to be approxi-
mately 2.0 x 10-1. The magnitude of the HI score is primarily attributable to the presence of
acetone. Given this result, no adverse noncarcinogenic effects would be anticipated in receptors
exposed to contaminated groundwater at the equilibrium pore water concentration. With regard to
carcinogenic effects, the excess lifetime cancer risk is projected to be approximately 1 x 10- 5. ThisI hypothetical risk estimate is within the acceptable range established by EPA for the protection of
human health and selection of remedial alternatives under the Superfund program.
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TABLE 5-6. RISK CHARACTERIZATION FOR SITE 1 - UNDERGROUND FUEL STORAGE AREA: EQUILIBRIUM PARTITIONING OF SOIL
CONTAMINANTS SOUTH DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

Hazard Excess
Mean (a) Equitibrium Quotient Noncarcinogenic Lifetime

Concentration Concentration Noncarcinogenic Effects: Carcinogenic
in Soil in Groundwater Effects (b) Target Organ Risk (b)

Chemical (mg/Kg) (ug/L) (Dose/RfD) System (Dose x ql*)

ORGAN I CS

Acenaphthene 0.13 1.45E+00 7.09E-05 Liver, Kidney
Acetone 0.04 8.86E+02 1.74E-01 Liver, Kidney
Anthracene 0.25 8.75E-01 4.29E-05 Skin
Senzo(a)anthracene 0.35 1.26E-02 6.19E-07 Skin 8E-07
Benzo(b)fluoranthene 0.26 2.35E-02 1.15E-06 Skin 2E-06
Benzo(k)fluoranthene 0.19 1.68E-02 8.25E-07 Skin 1E-06
Benzo(a)pyrene 0.25 2.271E-03 1.11E-07 Skin IE-07
Benzo(g,h,i)perytene 0.14 4.34E-03 2.13E-07 Skin
Bis(2-ethylhexyL)phthaLate 0.06 Liver
Chrysene 0.34 8.50E-02 4.17E-06 Skin 5E-06
Dibenzofuran 0.08
Ethytbenzene 1.61 7.32E+01 1.44E-02 Skin, Liver, Kidney
Fluoranthene 0.75 9.80E-01 4.81E-05 Skin
Fluorene 0.12 8.15E-01 4.OOE-05 Skin
Indeno(1,2,3-cd)pyrene 0.17 5.31E-03 2.61E-07 Skin 3E-07
Methylene Chloride 0.01 2.54E+01 9.29E-03 Liver, Kidney, CNS 1E-06
2-Methyinaphthatene 0.46 Skin
Naphthalene 0.29 1.56E+01 7.65E-04 Eye, Blood
Phenanthrene 0.89 3.16E+00 1.55E-04 Skin
Phenol 0.07 2.32E+02 7.60E-03 Liver, Kidney, CNS
Pyrene 0.85 1.12E+00 5.51E-05 Skin
Xytenes 5.21 1.09E+03 1.07E-02 CNS

Hazard Index: Combined Exposure 2.17E-01

Excess Lifetime Cancer Risk: 1E-05
Combined Exposure

a. Arithmetic mean of yearly means for 1987 and 1989 sagpling sets. Not detected results
were excluded from analysis and calculation of the mean.

b. Dose calculated assuming hypothetical ingestion exposure of base personnel to contaminated groundwater.
Concentrations in groundwater are set equivalent to the equilibrium concentration of chemicals in soil pore water.
Exposure assumptions: consumption of 2 liters of water per day, by a 70 kg adult, 5 days per week,
50 weeks per year, for 20 years of a 70 year lifetime.
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5.2.5.2 Site 3 - Base Fire Training Area

Table 5-7 presents the results of risk assessment of chemicals in groundwater at Site 3 - Base
Fire Training Area. As in the evaluation for Site 1 - Underground Fuel Storage Area, the table
provides a summary of mean levels of chemical contaminants observed in the environment, the
hazard index for noncarcinogenic effects, and a measure of the excess lifetime probability of
cancer. Risk estimates are provided separately for exposure to each chemical and then for
combined exposure across all chemicals for the exposure pathway.

As shown in Table 5-7, the HI is calculated to be approximately 4.7 x 10-1. No adverse
noncarcinogenic effects would be anticipated in personnel hypothetically exposed to groundwater
over the projected 20 year exposure period given the exposure assumptions presented previously.
The excess lifetime cancer risk is projected to be approximately 1.0 x 10-4 . This hypothetical risk
estimate is at the upper limit of the acceptable range established by EPA for the protection of human
health and selection of remedial alternatives under the Superfund program (NCP: 55 FR 8666: an
excess lifetime cancer risk of 10-6 to 10-4).

The magnitude of the excess cancer risk for groundwater at Site 3 - Base Fire Training Area
is attributable to the presence of arsenic (i.e., mean concentration of 10.35 micrograms per liter
[gg/L]). However, given the conservative exposure assumptions used in characterizing risk of
chronic exposure to groundwater, the probability that arsenic is most likely not a site-related
contaminant, and because no receptors are actually exposed to groundwater beneath the site, these
results are considered to fall within the acceptable range established by EPA.

Table 5-8 presents the results of the risk assessment of hypothetical exposure to surficial
soils at Site 3 - Base Fire Training Area. The table provides a summary of the mean concentra-
tions of chemicals in soil samples obtained 0 to 5 feet BLS. Based on the arithmetic mean of all
data (i.e., 1987 and 1989 sampling sets), dose estimates were derived for chronic ingestion
exposure to Base personnel.

As shown in Table 5-8, the HI is calculated to be approximately 8.8 x 10-3 . No adverse
noncarcinogenic effects would be anticipated in personnel inadvertently exposed to surface soils
over the projected 20-year exposure period given the exposure assumptions presented previously.
The excess lifetime cancer risk is projected to be approximately 4.0 x 10-6. This hypothetical risk
estimate is within the acceptable range established by EPA for the protection of human health and
selection of remedial alternatives under the Superfund program.
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TABLE 5-7. RISK CHARACTERIZATION FOR EXPOSURE TO SITE 3 - BASE FIRE TRAINING AREA GROUNDWATER
AT SOUTH DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

Hazard Excess
Mean (a) Quotient Noncarcinogenic Lifetime

Concentration Noncarcinogenic Effects: Carcinogenic
in Groundwater Effects (b) Target Organ Risk (b)

Chemical (ug/L) (Dose/RfD) System (Dose x ql*)

INORGANICS

Arsenic 10.34 2.03E-01 Skin, Lung 1E-04
Cadmium 1.00 3.92E-02 Kidney
Chromium 3.50 6.87E-05 Skin
Copper 4.19 2.22E-03 GI Tract, Blood
Lead 10.62 1.49E-01 CNS, Kidney
Nickel 18.55 1.82E-02 Skin, Lung
SeLeniun 6.75 4.42E-02 Liver, Kidney, Skin
Zinc 27.67 2.71E-03 Anemia

ORGAN ICS

Bis(2-ethythexyL)phthalate 9.33 9.15E-03 Liver 7E-07

Hazard Index: Combined Exposure 4.68E-01

Excess Lifetime Cancer Risk: IE-04
Combined Exposure

a. Arithmetic mean of yearly means for 1987 and 1989 sampling sets. Not detected results
were excluded from analysis and calculation of the mean.

b. Dose calculated assuming hypothetical ingestion exposure of base personnel to contaminated groundwater.
Exposure assumptions: consumption of 2 Liters of water per day, by a 70 kg adult, 5 days per week,
50 weeks per year, for 20 years of a 70 year Lifetime.

5-19



TABLE 5-8. RISK CHARACTERIZATION FOR EXPOSURE TO SITE 3 - BASE FIRE TRAINING AREA SURFACE SOILS
AT SOUTH DAKOTA AIR NATIONdAL GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

Hazard Excess
Mean (a) Quotient Noncarcinogenic Lifetime

Concentration Noncarcinogenic Effects: Carcinogenic
in Soil Effects (b) Target Organ Risk (b)

Chemical (mg/Kg) (DoseIRfD) System (Dose x q1*)

I NORGAN ICS

Arsenic 7.99 4.08E-03 Skin, Lung 2E-06
Berylliumn 0.52 5.31E-05 Lung, Skin, Heart
Chromium 16.30 8.32E-06 Skin
Copper 12.00 1.65E-04 GI Tract, Blood
Lead 10.23 3.73E-03 CNS, Kidney
Nickel 20.60 5.26E-04 Skin, Lung
Zinc 57.70 1.47E-04 Anemia

ORGAN ICS

Benzo(a)anthracene 0.18 2.30E-07 Skin 3E-07
Benzo(a)pyrene 0.33 4.21E-07 Skin 6E-07
Benzo(b)fluoranthene 0.22 2.81E-07 Skin 4E-07
Benzo(g,h,i)peryLene 0.17 2.17E-07 Skin
Benzo(k)fluoranthene 0.26 3.32E-07 Skin 4E-07
Chrysene 0.23 2.93E-07 Skin 4E-07
EthyLbenzene 9.85 5.03E-05 Skin, Liver, Kidney
Fluoranthene 0.08 1.06E-07 Skin
Indeno(1,2,3-cd)pyrene 0.18 2.30E-07 Skin
Methylene Chloride 0.004 3.40E-08 Liver, Kidney, CNS
Naphthalene 0.17 2.17E-07 Eye, Blood
Phenol 0.05 4.17E-08 Liver, Kidney, CNS
Pyrene 0.20 2.55E-07 Skin
Xylenes 3.75 9.57E-07 CNS

Hazard index: Combined Exposure 8.76E-03

Excess Lifetime Cancer Risk: 4E-06
Comrbined Exposure

a. Arithmetic mean of yearly means for 1987 and 1989 sampling sets. Not detected results
were excluded from analysis and calculation of the mean.

b. Dose calculated assuming hypothetical ingestion exposure of base personnel to contaminated surface soil.
Exposure assumptions: inadvertent ingestion of 0.1 gram of soil per day, by a 70 kg adult, 5 days per week,
50 weeks per year, for 20 years of a 70 year Lifetime.
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All risk estimates are based on observed levels of chemicals in surficial soils at the site.

Background levels have not been subtracted out. In general, however, it is important to compare

levels in soils at the sites with that observed in background samples. Mean levels of all of the

inorganic chemicals present in surficial soils at Site 3 - Base Fire Training Area exceeded mean

background soil concentrations. A large portion of the observed risk of hypothetical ingestion

exposure of soils at the site is attributed to the presence of arsenic. The mean concentration of

arsenic in surficial soils (7.99 milligrams per kilogram [mg/kg]) exceeds the mean background

concentration (4.83 mg/kg) by less than a factor of two. None of the mean levels of the other

inorganic chemicals exceeded mean background concentrations by more than a factor of 2.5.

I Hypothetical exposure to subsurface soils is also considered in the risk assessment for

Site 3 - Base Fire Training Area. As noted previously, there is currently no exposure to the soils

below the land surface at the site. However, a risk characterization is conducted to develop some

measure of the significance of the observed levels of contamination. An equilibrium partitioning

approach (described previously and in Appendix H) is adopted to project the concentration of site-

related contaminants in soil pore water. Exposure and 4isk estimates then are derived for hypothet-

ical ingestion exposure to groundwater containing site-related contaminants at the equilibrium soil

pore water concentration.

II Table 5-9 presents the results of this analysis. As shown, the HI is calculated to be approxi-

mately 4.5 x 10-1. No adverse noncarcinogenic effects would be anticipated in receptors exposed

to contaminated groundwater given the projected influence of dilution and attenuation. With regard

to carcinogenic effects, the excess lifetime cancer risk is projected to be approximately 6 x 10-6.5This hypothetical risk estimate is within the acceptable range established by EPA for the protection

of human health and selection of remedial alternatives under the Superfund program.

5.2.5.3 Evaluation of Tentatively Identified Compounds

A number of additional compounds have been tentatively identified in soils and groundwater

at Site 1 - Underground Fuel Storage Area and Site 3 - Base Fire Training Area (see Subsections

4.2 and 4.3), including aliphatic, olefinic, and aromatic hydrocarbons; aldehydes; and ketones. A3 summary of the total quantity of alkanes and alkenes detected at each site is presented in

Table 5-10. (Note that the small quantity of aldehydes, ketones, and alcohols tentatively identified

are not included in the table.)

I
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TABLE 5-9. RISK CHARACTERIZATION FOR SITE 3 - BASE FIRE TRAINING AREA: EQUILIBRIUM PARTITIONING OF SOIL CONTAMINANTS
SOUTH DAKOTA AIR NATIONAL GUARD, JOE FOSS FIELD, SIOUX FALLS, SOUTH DAKOTA

Hazard Excess
Mean (a) Equilibrium Quotient Noncarcinogenic Lifetime

Concentration Concentration Noncarcinogenic Effects: Carcinogenic
in Soil in Groundwater Effects (b) Target Organ Risk (b)

Chemical (mg/Kg) (ug/L) (Dose/RfD) System (Dose x ql*)

ORGANICSI Acetone 0.12 2.75E+03 5.40E-01 Liver, Kidney

Benzo(a)anthracene 0.18 6.52E-03 3.20E-07 Skin 4E-07
Benzo(a)pyrene 0.33 3.OOE-03 1.47E-07 Skin 2E-07
Senzo(b)ftuoranthene 0.13 1.14E-02 5.57E-07 Skin 7E-07
Benzo(g,h,i)perytene 0.17 5.31E-03 2.61E-07 Skin

1 Benzo(k)fLuoranthene 0.15 1.32E-02 6.47E-07 Skin 8E-07
Chrysene 0.23 5.75E-02 2.82E-06 Skin 4E-06
Di-n-octyL phthatate 0.01 Skin
Ethylbenzene 15.82 7.19E+02 1.41E-01 Skin, Liver, Kidney
FLuoranthene 0.08 1.09E-01 5.36E-06 Skin
Indeno(1,2,3-cd)pyrene 0.18 5.63E-03 2.76E-07 Skin
Methylene Chloride 0.004 2.41E+01 7.90E-03 Liver, Kidney, CNS
2-MethyLnaphthatene 0.16 Skin
4-Methylphenot 0.23 Liver, Kidney
Naphthalene 0.96 5.11E+01 2.51E-03 Eye, BLood
Phenol 0.05 1.73E+02 5.64E-03 Liver, Kidney, CNS
Pyrene 0.11 1.47E-01 7.23E-06 Skin

Toluene 0.10 1.67E+01 1.09E-03 CNS
Xylenes 19.46 4.05E+03 3.98W-02 CNS

Hazard Index: Combined Exposure 4.48E-01

Excess Lifetime Cancer Risk: 6E-06
Combined Exposure

a. Arithmetic mean of yearly means for 1987 and 1989 sampling sets. Not detected results
were excluded from analysis and calculation of the mean.

b. Dose calculated assuming hypothetical ingestion exposure of base personnel to contaminated grounxdwater.
Concentrations in groundwater are set equivalent to the equilibrium concentration of chemicals in soil pore water.
Exposure assumptions: consumption of 2 Liters of water per day, by a 70 kg adult, 5 days per week,
50 weeks per year, for 20 years of a 70 year Lifetime.
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Table 5-10. Concentrations of Tentatively Identified Compounds at
Site 1 - Underground Fuel Storage Area and Site 3 - Base Fire

Training Area-Aliphatic and Olefinic Compounds

Site/Media Alkanes Alkenes Total

Site 1 GW 6,500. 3,000. 9,500.
( g/L)

Site 3 GW 58. 0 58.
(gLg/L)

Site 1 Soils 104,000. 24,000. 128,000.
(gg/Kg)

Site 3 Soils 890,000. 303,000. 1,193,000.
(gg/Kg)

EPA-verified toxicity measures for use in risk assessment are not available for the specific

TICs identified. To develop a measure of the significance of the observed level of contamination,

it has been necessary to adopt a surrogate or signature compound for the purposes of toxicological

evaluation. Hexane has been selected as the signature compound for evaluation of the TICs in

groundwater and soils.

A reference dose for n-hexane has been derived from the EPA Drinking Water Health
I Advisory (USEPA 1987). The "longer term" health advisory for a 70-kg adult is 14,300 gg/L.

The corresponding RfD, assuming ingestion of 2 liters of water per day, would be 5.1 x 10-1.
Using this RfD and the groundwater exposure assumptions presented previously, the HI corre-

sponding to a groundwater concentration of 9,500 .g/L would be 1.64 x 10-2. Based on this
result, no adverse noncarcinogenic effects would be anticipated.

A similar qualitative assessment is developed for the TICs in soils. For the purposes of this

I evaluation, it is assumed that the total concentrations of TICs may be characterized by n-hexane.
Inadvertent soil ingestion is the exposure route of concern. Using the RfD derived for hexane and
the soil exposure assumptions presented previously, the HI corresponding to a soil concentration
of 1.19 x 106 .g/kg (Site 3-Base Fire Training Area) would be 2.05. Based on this result alone,
there may be potential for adverse noncarcinogenic effects, given the hypothetical exposure
scenario adopted. It is important to note, however, that the projected concentrations for TICs in
soils are not derived for surface soils alone; data were summed for the full soil column from the

I
15 -23

I



land surface to groundwater. Base personnel coming in contact with surface soils would not be

exposed to the higher subsurface levels.

There is no immediate risk to human health of exposure to TICs in subsurface soils at

Site 3 - Base Fire Training Area. It would be important to reexamine potential health impacts that

might be associated with excavation of the contaminated soils or construction at the site. Ingestion,
inhalation, and dermal pathways would be the exposure routes of concern.

5.3 SUMMARY OF RISK EVALUATION

A baseline risk assessment was conducted to evaluate the significance of observed levels of
chemicals in groundwater at Site 1 - Underground Fuel Storage Area and soils at Site I -
Underground Fuel Storage Area and Site 3 - Base Fire Training Area. Although the chemicals

detected in the groundwater at Site 3 - Base Fire Training Area were attributed to either

background concentrations or laboratory contamination, a conservative approach was used and an
evaluation was done to determine the significance of the chemicals. Currently, the groundwater
beneath the sites is not being used as a source of drinking water. The public drinking water

supply, although not affected by the groundwater plume, is linked hydrogeologically to the

contaminated aquifer system beneath the sites under investigation. Therefore, the risk assessment

for groundwater must be considered a hypothetical, upper-bound assessment of the potential risks

to human health in the absence of site remediation.

I In addition, soils at the sites have been found to be contaminated. The receptors at primary

risk of exposure to surface soils (at Site 3 - Base Fire Training Area) art Base personnel. The risk3 assessment of surface soils assumes limited contact and exposure of Base personnel on a weekly
basis. The significance of subsurface soil contamination (at Sites 1 - Underground Fuel Storage
Area and Site 3 - Base Fire Training Area) cannot be evaluated directly, however. If the sites

remain undisturbed, there is no potential for direct contact and exposure.

I Subsurface soil contamination has been evaluated therefore using a simple screening level

model of chemical transport from the soil matrix to soil pore water (i.e., equilibrium partitioning).

The risk assessment then evaluates hypothetical ingestion of groundwater having contaminant
concentrations equal to the equilibrium pore water concentrations in the soil column. This assess-
ment is clearly an overly conservative estimate of health risk and should be viewed simply as a

device for interpreting the significance of observed levels of subsurface contamination.
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U The risk assessment evaluated the potential for adverse effects for combined exposure across

chemicals. Because receptors are not simultaneously exposed to chemicals in soils and ground-
water, risk assessment did not consider combined effects across environmental media (i.e.,

ingestion exposure to groundwater and soils).

n The results of the baseline risk assessment may be summarized as follows:

There is no immediate endangerment to human health because of the presence of contami-
nants in groundwater and soils at Site 1 - Underground Fuel Storage Area and Site 3 -
Base Fire Training Area.U *No adverse noncarcinogenic effects would be anticipated for hypothetical ingestion
exposure to groundwater or surface soils at the sites under investigation.

* The excess lifetime cancer risk of hypothetical ingestion exposure to chemicals in surface
soils (4 x 10-6) at Site 3 - Base Fire Training Area is within the acceptable range estab-
lished by EPA. Data w,'re not obtained for surface soil samples at Site I - Underground
Fuel Storage Area (the land area at Site 1 - Underground Fuel Storage Area is largely
covered by a concrete pad).

A large number of TICs were present in the soil at Site 3 - Base Fire Training Area.
Hexane was used as a surrogate for the aliphatic and olef'mic compounds detected. Based
on the total quantity of these classes of chemicals found in the soil column, there may be
some potential for adverse noncarcinogenic health effects in workers if the soil column is
disturbed (e.g., during construction or excavation activities). Additional studies may be
warranted prior to initiating these types of activities. Note that there is no immediate risk
to human health of exposure to TICs in subsurface soils at Site 3 - Base Fire TrainingArea.

MThe excess lifetime cancer risk of hypothetical ingestion exposure to chemicals in ground-
water beneath Site 1 - Underground Fuel Storage Area (i.e., 6 x 10-4) exceeds the
acceptable range established by EPA. Approximately one-third of the estimated cancer
risk is attributed to the presence of arsenic and benzene. The remainder of the estimated
risk is associated with observed levels of PAHs. N= that all potentially carcinogenic
PAHs were evaluated assuming cancer potency equivalent to benzo(a)pyrene. The actual
combined cancer risk estimate for the four PAHs detected is likely to be an order of3 magnitude lower.

The excess lifetime cancer risk of hypothetical ingestion exposure to chemicals in ground-
water beneath Site 3 - Base Fire Training Area (i.e., 1 x 10-4) is primarily attributable to
the presence of arsenic. Given the conservative exposure assumptions adopted in this
assessment, this result falls within the acceptable range established by EPA for waste site
remediation. Concentrations for arsenic and nickel in groundwater beneath the site were
found to exceed the corresponding FWQC (adjusted for drinking water only). Given that
exposure to groundwater beneath the site does not occur and that the concentrations of
inorganics detected in the groundwater are considered to be background levels which
occur in the SDANG area, the presence of inorganics in the groundwater is not considered3 a risk to human health.

l
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3 It is important to recognize the uncertainty inherent in the risk assessment process. None of

the results presented are point estimates. In actuality, all estimates of potential risks should be3 considered distributions of potential outcomes that reflect the range of possible values of all com-
ponent variables (i.e., the range of values for exposure and toxicity factors). As conducted, the
baseline risk assessment of Site 1 - Underground Fuel Storage Area and Site 3 - Base Fire Train-

ing Area yields conservative, upper-bound estimates of the potential for adverse health effects.

3The major factors that lead to an overestimation of potential risks include 1) exclusion of "not
detected" results from calculation of the arithmetic means that were used as the basis of exposure3 and dose estimates, 2) the assumption that all chemicals are conservative in the environment and do
not transform or degrade over the period of exposure, 3) the assumption that all chemicals are 100-
percent bioavailable for uptake and absorption, and 4) overly conservative rates for soil and

groundwater ingestion.

i Given the hypothetical, conservative nature of the baseline risk assessment, it is inlikely that
the potential risks to human health have been underestimated.

II
3
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6. CONCLUSIONS AND RECOMMENDATIONS

The purpose of the Remedial LivesLigation (RI) activities at South Dakota Air National Guard

(SDANG), Joe Foss Field, Sioux Falls, South Dakota, was to collect the data necessary to fully

characterize contamination which had been confirmed during the Site Inspection (SI) program.

Two sites were studied during the RI: Site 1 - Underground Fuel Storage Area and Site 3 - Base

Fire Training Area. To accomplish this goal, the following data objectives were set:

Site 1 - Underground Fuel Storage Area
- Determine the horizontal and vertical extent of soil and groundwater contamination
- Assess the risks associated with existing contamination
- Define the hydrogeologic and other physical properties of the environment at the site.3 Site 3 - Base Fire Training Area
- Determine the vertical and horizontal extent of soil contamination
- Validate existing data that indicate that groundwater contamination is not present
- Determination of the potential of future migration of soil contamination into the

groundwater
- Assess the risks associateL. with existing contamination
- Define the physical properties of the environment at the site.

Many different field and data analysis activities were conducted to meet these data objectives.

Field activities included a seismic geophysical survey, soil gas/groundwater probe surveys, drilling

and sampling of soil borings and monitoring wells, and aquifer testing. Data analysis activities

included chemical data reduction, a quality assurance/quality control (QA/QC) program evaluation,
and a public health risk evaluation.

The RI program was conducted concurrently with other activities which were designed to
achieve early remediation of the groundwater at Site 1 - Underground Fuel Storage Area. As a

result of the SI, volatile organic compounds (VOCs) were detected in the groundwater at concen-

trations such that remediation would be required. A focused feasibility study (FFS) and treatability

tests were conducted for the groundwater at Site 1 - Underground Fuel Storage Area which

determined that air stripping was the most cost-effective method for remediation of the VOCs in the

groundwater. Discharge of the treated groundwater to the Diversion Channel of the Big Sioux
River was selected as the discharge method. Draft engineering design plans and specifications

were prepared for the groundwater extraction and treatment system. In addition, underground

storage tank (UST) removal plans and specifications are currently being prepared to remove the

source of contamination at Site I - Underground Fuel Storage Area. The RI program was con-

ducted concurrently to determine the full extent of VOC contamination at Site 1 - Underground
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Fuel Storage Area and to determine if additional compounds of concern were present in the soils
and groundwater at the site.

The remainder of this section summarizes the environmental setting of SDANG, the QA/QC
program evaluation, and Site 1 - Underground Fuel Storage Area and Site 3 - Base Fire Training
Area conclusions and recommendations.

* 6.1 ENVIRONMENTAL SETTING

An assessment of the environmental setting shows that, because of the flat topography and
poorly developed drainage patterns, the soils and groundwater at SDANG are the environmental
media most susceptible to contamination by waste handling storage and/or disposal activities. The3 water table is shallow (10 to 15 feet below land surface) and is protected from contarrination only

by a 10 to 15 feet thick surficial clay layer. This clay layer provides little or no protection to con-
tamination where it has been disturbed or where underground tanks are emplaced beneath it. The

water table aquifer is located within a 20- to 50-foot bed of coarse-grained saturated sediments
between the surficial clay layer and a deeper low permeability till. Because of its excellent water-
bearing properties, the aquifer is used extensively for municipal water supplies. These municipal
wells would be the ultimate discharge point of any groundwater contamination at the sites of

concern.

6.2 QA/QC PROGRAM EVALUATION

A program of QA/QC procedures was instituted throughout the RI program to ensure that
collected samples were representative of the sites and that analytical procedures accurately describe
the characteristics and concentrations of compounds in the samples. In general, a review of these
procedures and control data indicates that the chemical data accur .,ely represent the sampling loca-
tions from which they were collected. Data show that excellent reproducibility and adherence to
QA/QC procedures were achieved during field sampling. Laboratory data generally shows excel-
lent precision, accuracy, and adherence to analysis methods. As is normal, several compounds

were found within the field and laboratory blank samples that are attributable to contamination
related to the sample collection environment, decontamination fluids, transport, storage, and/or
analysis. These compounds are not indicative of site-related contamination, and their presence
does not effect the usefulness of the environmental data.
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6.3 SITE 1 - UNDERGROUND FUEL STORAGE AREA - CONCLUSIONS AND
RECOMMENDATIONS

Evaluation of the data indicated two areas of soil and groundwater contamination at the site.
The southern area, associated with leakage from the underground fuel storage tanks, measures
approximately 280 by 160 feet at its furthest boundaries, encompassing a contaminated area of
approximately 24,000 square feet. The northern area, associated with the railroad ditches, mea-
sures approximately 320 by 60 feet at its furthest boundaries. Contamination in both areas is
restricted to the subsurface with the minimum depth and highest concentrations of contamination
occurring at the water table (10 feet BLS) and extending, with decreasing concentrations, to the
aquifer/glacial till contact at 30 feet. Generally, where contamination exists at the water table, it can
be thought to exist through the entire saturated thickness of the aquifer. Using this assumption,
volumes of contaminated material are approximately 432,000 and 306,000 cubic feet for the south-

em and northern areas of contamination, respectively.

The contamination is composed primarily of volatile organic compounds (VOCs) and
semivolatile organic compounds (SVOCs). The contamination is not markedly different between
soil and groundwater nor did it significantly differ between the southern and northern areas.
Concentrations of contamination were highest at or just below the water table reflecting the floating
characteristic of fuel contamination. Concentrations of total volatile hydrocarbons (TVHs), as

determined through onsite gas chromatography (GC) analysis, are as high as 200,000 ppb within
the soils at the water table but concentrations rapidly decrease with depth averaging approximately1] 1000 ppb throughout the aquifer in the contaminated areas. Laboratory analysis results show that
identifiable VOC soil contamination (i.e., ethylbenzene, toluene, and total xylenes) was found only3 within soil samples from soil borings B-I-I and B-1-2 located in the vicinity of highest contami-
nant concentrations in the southern area. Only one groundwater monitoring well, MW- 1-12,
located in the northern source area, showed indentifiable VOCs (i.e., ethylbenzene and total

xylenes). More than 20 identifiable SVOCs were fcund within soil samples from the borehole of
MW- 1-12 and the soil borings B-I-1 and B- 1-2. Four monitoring wells located near the source of5 contamination in both areas showed levels of SVOCs in the groundwater. No other identifiable
VOCs or SVOCs were found within any other soil or groundwater samples collected from the site.I

The above laboratory-derived concentrations and the number of VOC- and SVOC-contami-
nated samples do not explain the very high levels of TVHs noted during the groundwater probe

survey and onsite GC analysis. Closer inspection of the raw laboratory data indicate that there are
widespread and high concentrations of volatile and semivolatile organic tentatively identified com-

I pounds (TICs) within the samples at Site I - Underground Fuel Storage Area (> 100,000 g.g/kg
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soil volatile organic TICs, > 40,000 .g/kg soil semivolatile organic TICs, > 2,000 ±g/L ground-
water volatile organic TICs, > 1,600 ptg/L groundwater semivolatile organic TICs). TICs are
compounds that are not identifiable using current analysis equipment and methods and therefore

have not been extensively studied or regulated. The detection of these TICs agreed with the extent
and relative concentrations of contamination as defined by onsite GC analyses.

Some elevated levels of inorganic contamination (i.e., arsenic and lead) were found within
soil and groundwater samples but the concentrations 1) did not correlate with the location of
hydrocarbon contamination, 2) fluctuated between samplings of the same locations, 3) did not
exhibit any contamination trends, and 4) were attributable to background concentrations at
SDANG. Therefore this inorganic contamination is not thought to be site-related.

The public health risk assessment evaluated the risk of human exposure to contamination at
the site. Because the aquifer underlying the site is the primary water source for the city of Sioux
Falls, human exposure by consumption of contaminated groundwater was the focus of the assess-
ment while surficial soil contamination exposure was not considered because of the absence of

chemical contamination in the surficial soils at the site. Hypothetical exposure to subsurface soils

at Site 1 - Underground Fuel Storage Area was considered. Results of the public health risk
assessment showed that 1) there is no immediate endangerment to human health from the presence
of contamination at the site, 2) there are no adverse noncarcinogenic effects from the exposure to
site contamination, and 3) the excess lifetime cancer risk from ingestion of groundwater exceeds3 the acceptable range established by the U.S. Environmental Protection Agency (EPA). Therefore,
remediation of the groundwater at the site would be required based on potential risks to public

health according to EPA guidelines.

It should be noted that the underground fuel storage tanks were decommissioned in the sum-
mer of 1989 and are no longer used. Engineering plans and specifications are currentiy being pre-
pared for removal of the tanks. Consequently, previously active sources of contamination at the3 site have been eliminated. This fact is further evidenced by the decreasing concentrations of
benzene, toluene, ethylbenzene, and xylenes noted within monitoring wells since 1987.
Regardless, based upon the results of the RI, the following recommendations are provided:

" Actions to remediate groundwater contamination should begin as soon as possible for
treatment of the VOCs present. As part of the remediation, the underground tanks and
contaminated soil should be removed.

" Monitoring should be conducted for the presence of SVOCs in the groundwater and in the
VOC treatment system effluent. Threshold concentrations should be established for the
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SVOCs in the VOC treatment system effluent to determine if an add-on unit should be
provided for SVOC treatment.

Until the remedial action is implemented, quarterly groundwater sampling of selected wells
should be performed to monitor any contaminant movement and to ensure that there is no
significant migration toward the municipal wells. Monitoring wells MW-1-1, MW-1-3,
MW-1-10, MW-I-11, MW-1-12, and MW-1-14 should be considered as sampling points.
Analytes of concern during monitoring should include volatile organic compounds,
specifically benzene, toluene, ethylbenzene, and xylenes, and semivolatile organics.

6.4 SITE 3 - BASE FIRE TRAINING AREA - CONCLUSIONS AND
RECOMMENDATIONS

Evaluation of the data indicates the presence of an area of soil contamination that coincides

with the limits of the burn pit. This circular area, with a diameter of approximately 100 feet, has a

surficial area of approximately 7,850 square feet. Results of the onsite GC monitoring indicate that

the maximum depth of VOC contamination is approximately 10 feet, a depth still within the

confines of the surficial clay layer and above the water table. Using the 10-foot depth, the total

volume of contaminated soil in the bum pit area is approximately 78,500 cubic feet. Additionally,

low levels of SVOCs were found at land surface in the vicinity of the drum holding area. These

compounds are thought to be present only in a 20- by 30- foot area in and around the drum holding

area to a depth of 2.5 feet. This yields a contaminated soil volume of approximately 1,500 cubic

feet. No site-related groundwater contamination was noted at the site.

I
Soil contamination at the burn pit was composed principally of a number of VOCs andfl SVOCs. Soil contamination at the drum holding area was solely composed of SVOCs.

Concentrations in both areas were highest at or near the land surface and rapidly decrease with

depth. Concentrations of TVH at the surface of the burn pit were as high as 100,000 ppb.

Laboratory analysis results indicate the presence of the VOCs, ethylbenzene, toluene, and total
xylenes within the burn pit samples. Laboratory analysis showed the presence of a multitude of

SVOCs within both the burn pit and drum holding area samples. As was noted at Site 1 -

Underground Fuel Storage Area, the laboratory-derived concentrations do not explain the very
high levels of TVH found in the bum pit area by onsite analysis. Again, further laboratory data

inspection revealed the presence of high concentrations (> 400,000 pg/kg and > 600,000 Iig/kg) of

volatile and semivolatile organic TICs in soil samples whose location and relative concentrations

agreed with the values of TVH resulting from onsite GC analyses.

I The public health risk assessment at Site 3 - Base Fire Training Area focused on the expo-
sure to contaminated soils within the burn pit and the drum holding area. Results of this assess-

ment show that 1) there is no immediate endangerment to human health from the soil contam-
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3 ination. 2) there is no adverse noncarcinogenic effects related to the soil contamination as long as

the soil remains undisturbed and 3) the excess lifetime cancer risk from exposure to soils at the site3 is within the acceptable range established by EPA.

It should be noted that this site was decommissioned in 1987 and is no longer used.
Therefore, there is no longer an active source of contamination at this site. The presence of the
surficial clay layer apparently has provided sufficient protection to the underlying aquifer from the
waste handling practices at the fire training area. However, RI results show that there has been
noticeable migration of contaminants through the surficial clay layer to the clay/unsaturated zone3 interface (approximately 10 feet below land surface (BLS)). The carbon content (I to 2 percent)
and presence of the clay layer may not be sufficient to inhibit future migration through the sandy
unsaturated zone toward the water table (approximately 14 feet BLS). Taking this into consider-
ation and based upon the RI results, the following recommendations are provided:

Removal of the contaminated soil within the burn pit and drum holding areas should be
conducted in the near future.

* During this excavation, worker health and safety considerations should be given priority
because of the very high levels of TICs within the surficial soils.

* Extreme care should be taken during the excavation to ensure that the integrity of the
surficial clay layer be maintained where possible.
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ABBREVIATIONS AND ACRONYMS

I,1,-TCA Trichloroethane
ARAR Applicable or relevant and appropriate requirements
BLS Below land surface
CCC Calibration check compound
CCV Continuing calibration verification

- CEC Cation Exchange Capability
CERCLA Comprehensive Environmental Respoh.e, Compensation, and Liability Act
CLP Contract Laboratory Protocol
CRDL Contract-required detection limit
DOD Department of Defense
EPA U.S. Environmental Protection Agency
FS Feasibility StutyI FWQA Federal water quality criteria
GC Gas chromatography/Gas chromatograph
GFAA Graphic furnace atomic absorption
GC/MS Gas chromatography/mass spectrometry
HEAST Health Effects Assessment Summary Tables
HI Hazard index
ICAP Inductively coupled argon plasma
ICS Interference check sample
ICV Initial calibration verification
ID Inside diameter
IRIS Integrated Risk Information System
IRP Installation Restoration Program
LCS Laboratory control sample
LOAEL Lowest-observable-adverse-effect level

- MCL Maximum contaminant level
MCLG Maximum contaminant level goal
MS Matrix spikeI MSD Matrix spike duplicate
NCP National Contingency Plan
NOAEL No-observable-adverse-effect level
NPDES National Pollutant Discharge Elimination System
ODW Office of Drinking Water
ORD Office of Research and Development
PAl Polynuclear aromatic hydrocarbons
PCE Tetrachloroethylene
PVC Polyvinyl chloride
QA Quality assurance
QC Quality conWl
RfD Reference doses
RI Remedial Investigation
RPD Relative percent difference
RSD Relative standard
SAIC Science Applications International Corporation
SDANG South Dakota Air National Guard
SDWA Safe Drinking Water Act
SI Site Inspection
SPCC System performance check compound
SVOC Semivolatile organic compound
TE Trichloroethylene
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1
TDS Total dissolved sozlids
TIC Tentaively idented compound
TOC Total organic carbon
TPH Total petroleum hydrocarbon
TRC Tracer Research Corporation
TSS Total suspended solids
TVH Total Volatile Hydrocarbons

I VOC Volatile organic compound
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