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Executive Summary 158 

The Army National Guard (ARNG) G-9 is performing Preliminary Assessments (PAs) and Site 159 
Inspections (SIs) on the current or potential historical use of per- and polyfluoroalkyl substances 160 
(PFAS) with a focus on the six compounds presented in the memorandum from the Office of the 161 
Secretary of Defense (OSD) dated 6 July 2022 (Assistant Secretary of Defense, 2022). The six 162 
compounds listed in the OSD memorandum include perfluorooctanesulfonic acid (PFOS), 163 
perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA), perfluorohexanesulfonic acid 164 
(PFHxS), hexafluoropropylene oxide dimer acid (HFPO-DA)1, and perfluorobutanesulfonic acid 165 
(PFBS). These compounds are collectively referred to as “relevant compounds” throughout the 166 
document and the applicable screening levels (SLs) are provided in Table ES-1.  167 

The PA identified one Area of Interest (AOI) where PFAS-containing materials may have been 168 
used, stored, disposed, or released historically (see Table ES-2 for AOI locations). The objective 169 
of the SI is to identify whether there has been a release to the environment from the AOI identified 170 
in the PA and determine whether further evaluation under the Comprehensive Environmental 171 
Response, Compensation, and Liability Act (CERCLA) is warranted AOI 1. VTS-S Smyrna will 172 
also be referred to as the “facility” throughout this document.  173 

VTS-S is in Smyrna, Tennessee, in Rutherford County, approximately 22 miles southeast of 174 
Nashville, and it comprises 868 acres of land. The facility is adjacent to the Smyrna/Rutherford 175 
County Regional Airport and is partially within the city limits of the Town of Smyrna, Tennessee 176 
(Tennessee ARNG, 2012). The facility includes aircraft hangars, a vehicle maintenance facility, 177 
fuel storage, surrounding parking areas, and offices.  178 

The PA identified one AOI for investigation during the SI phase. SI sampling results from the AOI 179 
were compared to OSD SLs. Table ES-2 summarizes the SI results for each AOI. Based on the 180 
results of this SI, further evaluation under CERCLA is warranted in a Remedial Investigation (RI) 181 
for AOI 1.  182 

 
 
1 Of the six PFAS compounds presented in the 6 July 2022 OSD memorandum, HFPO-DA (commonly referred to as GenX) was not 
included as an analyte at the time of this SI. Based on the conceptual site model (CSM) developed during the PA and revised based 
on SI findings, the presence of HFPO-DA is not anticipated at the facility because HFPO-DA is generally not a component of military 
specification (MIL-SPEC) aqueous film forming foam (AFFF) and based on its history including distribution limitations that restricted 
use of GenX, it is generally not a component of other products the military used. In addition, it is unlikely that GenX would be an 
individual chemical of concern in the absence of other PFAS. 
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 Table ES-1: Screening Levels (Soil and Groundwater)  183 

Analyteb 

Residential 
(Soil) 

(µg/kg)a 

0-2 feet bgs 

Industrial/ Commercial 
Composite Worker 

(Soil) 
(µg/kg)a 

2-15 feet bgs 

Tap Water 
(Groundwater) 

(ng/L)a 

PFOA 19 250 6 
PFOS 13 160 4 
PFBS 1,900 25,000 601 
PFHxS 130 1,600 39 
PFNA 19 250 6 

Notes: 184 
bgs = below ground surface; µg/kg = micrograms per kilogram; ng/L = nanograms per liter 185 

a.) Assistant Secretary of Defense, 2022. Risk Based Screening Levels in Groundwater and Soil using United States Environmental Protection 186 
Agency’s (USEPA’s) Regional Screening Level Calculator. Hazard Quotient (HQ) = 0.1. 6 July 2022.  187 

b.) Of the six PFAS compounds presented in the 6 July 2022 OSD memorandum, HFPO-DA (commonly referred to as GenX) was not included 188 
as an analyte at the time of this SI.  Based on the CSM developed during the PA and revised based on SI findings, the presence of HFPO-189 
DA is not anticipated at the facility because HFPO-DA is generally not a component of MIL-SPEC AFFF and based on its history including 190 
distribution limitations that restricted use of GenX, it is generally not a component of other products the military used. In addition, it is 191 
unlikely that GenX would be an individual chemical of concern in the absence of other PFAS. 192 

 193 
Table ES-2: Summary of Site Inspection Findings and Recommendations 194 

AOI 
Potential  
Release 

Area 

Soil – 
Source Area 

Groundwater –  
Source Area 

Groundwater –  
Facility 

Boundary 
Future Action 

1 

Concrete 
Hangar/Apron 
and Building 

682S 
   Proceed to RI  

 195 
Legend: 196 
N/A = not applicable  197 

 = detected; exceedance of the screening levels 198 
 = detected; no exceedance of the screening levels 199 
 = not detected200 

201 
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1. Introduction 202 

1.1 Project Authorization 203 

The Army National Guard (ARNG) G-9 is the lead agency in performing Preliminary Assessments 204 
(PAs) and Site Inspections (SIs) on the current or potential historical use of per- and 205 
polyfluoroalkyl substances (PFAS) with a focus on the six compounds presented in the 206 
memorandum from the Office of the Secretary of Defense (OSD) dated 6 July 2022 (Assistant 207 
Secretary of Defense, 2022). The six compounds listed in the OSD memorandum will be referred 208 
to as “relevant compounds” throughout this document and include perfluorooctanoic acid (PFOA), 209 
perfluorooctanesulfonic acid (PFOS), perfluorohexanesulfonic acid (PFHxS), perfluorononanoic 210 
acid (PFNA), hexafluoropropylene oxide dimer acid (HFPO-DA)1, and perfluorobutanesulfonic 211 
acid (PFBS) at ARNG facilities nationwide. The ARNG performed this SI at the at ARNG Volunteer 212 
Training Site (VTS)-Smyrna (VTS-S) in Smyrna, Tennessee. VTS-S is also referred to as the 213 
“facility” throughout this document.  214 

The SI project elements were performed in compliance with Comprehensive Environmental 215 
Response, Compensation, and Liability Act (CERCLA; United States [US] Environmental 216 
Protection Agency [USEPA], 1980), as amended, the National Oil and Hazardous Substances 217 
Pollution Contingency Plan (40 Code of Federal Regulations Part 300; USEPA, 1994), and in 218 
compliance with US Department of the Army (DA) requirements and guidance for field 219 
investigations.  220 

1.2 SI Purpose 221 

A PA was performed at VTS-S (AECOM Technical Services, Inc. [AECOM], 2018a) that identified 222 
one Area of Interest (AOI) where PFAS-containing materials may have been used, stored, 223 
disposed, or released historically. The objective of the SI is to identify whether there has been a 224 
release to the environment from the AOI identified in the PA and determine whether further 225 
investigation is warranted, a removal action is required to address immediate threats, or no further 226 
action is required based on screening levels (SLs) for the relevant compounds.  227 

 
 
1 Of the six PFAS compounds presented in the 6 July 2022 OSD memorandum, HFPO-DA (commonly referred to as GenX) was not 
included as an analyte at the time of this SI. Based on the conceptual site model (CSM) developed during the PA and revised based 
on SI findings, the presence of HFPO-DA is not anticipated at the facility because HFPO-DA is generally not a component of military 
specification (MIL-SPEC) aqueous film forming foam (AFFF) and based on its history including distribution limitations that restricted 
use of GenX, it is generally not a component of other products the military used. In addition, it is unlikely that GenX would be an 
individual chemical of concern in the absence of other PFAS. 
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2. Facility Background 230 

2.1 Facility Location and Description 231 

VTS-S is near Smyrna, Tennessee, in Rutherford County, approximately 22 miles southeast of 232 
Nashville, and comprises 868 acres of land (Figure 2-1). The Smyrna/Rutherford County 233 
Regional Airport is situated to the west of the VTS-S. VTS-S is partially within the city limits of the 234 
Town of Smyrna, Tennessee (Tennessee ARNG [TNARNG], 2012). 235 

After being established in 1941 as Smyrna Army-Air Base, construction of the facility began in 236 
1942. During World War II, Smyrna Army-Air Base was used as a training facility for bomber pilots. 237 
In the years immediately following the war’s end, base activities were reduced, and the base was 238 
deactivated in July 1947 (TNARNG, 2012). In August 1948, the base was reopened and then 239 
renamed Sewart Air Force Base (AFB) in 1950. When the Sewart AFB closed in July 1970, the 240 
US Army Corps of Engineers (USACE) retained a portion of the former installation, including the 241 
cantonment area; the National Airport Authority retained the airfield.  242 

In 1970, the TNARNG obtained a license from the Nashville USACE to use 780.55 acres for troop 243 
education and various field training purposes on a continual basis. The airfield was transferred to 244 
the Metropolitan Nashville Airport Authority and has subsequently been transferred to the 245 
Smyrna/Rutherford County Airport Authority. Adjacent to airport property, on the western border 246 
of the training site, the Airport Authority and TNARNG have developed a joint use agreement for 247 
an approximately 11-acre parcel (TNARNG, 2012) that contains aircraft hangars, a vehicle 248 
maintenance facility, fuel storage, surrounding parking areas, and offices. 249 

2.2 Facility Environmental Setting 250 

VTS-S lies within the Central Basin physiographic region of the State. The Central Basin is 251 
characterized by gently rolling to nearly level lands; land surface elevations at VTS-S generally 252 
fall between 490 and 550 feet (TNARNG, 2012). Topography at the facility is generally flat to 253 
gently rolling and slopes from west to east toward Stewart Creek, a tributary of Stones River 254 
(Figure 2-2).  255 

2.2.1 Geology 256 

VTS-S is underlain mostly by the Ridley Limestone, which is Ordovician in age. Other Ordovician 257 
age units underlying VTS-S include the Carters, Lebanon, Pierce, and Murfreesboro Formations. 258 
Sinkholes and caves are characteristic features of limestone formations, and numerous sinkholes 259 
are present in the northeastern corner of VTS-S. The nature of such karst features allows 260 
significant interactions between surface water and groundwater as well as a variable depth to 261 
competent bedrock (e.g., at/near surface to tens of feet below ground surface [bgs]). VTS-S is 262 
also located on the outer portion of the New Madrid Seismic Zone, which is the most seismically 263 
active zone east of the Rocky Mountains (TNARNG, 2012). 264 

Soil borings completed during the SI encountered clayey sands and lean clays as the dominant 265 
lithology of unconsolidated sediments below the facility. Lesser amounts of gravel were observed 266 
in most borings. Surface soil at VTS-02 was primarily composed of silt, which differs from the 267 
clayey sands observed at all other locations. The borings were completed at depths between 26 268 
and 35 feet bgs. Fossiliferous limestone bedrock was observed at depths between 12.5 and 26.5 269 
feet bgs across borings (see Table 5-3). The limestone was observed to be relatively competent, 270 
with moderately fractured zones in some locations. A sample for grain size analysis was collected 271 
at one location, AOI01-02 from 8 to 10 feet bgs and analyzed by American Society for Testing and 272 
Materials (ASTM) Method D-422. The results indicate that the soil sample was composed 273 
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primarily of silt (63.41 percent [%]) and clay (30.45%). These results and facility observations are 274 
consistent with the understood alluvial depositional environment of the unconsolidated surficial 275 
deposits overlying an Ordovician-aged carbonate unit, the Ridley Limestone (US Geological 276 
Survey [USGS], 2022a). Boring logs are presented in Appendix E, and grain size results are 277 
presented in Appendix F. 278 

2.2.2 Hydrogeology 279 

VTS-S lies above the Central Basin aquifer, which consists of generally flat-lying carbonate rocks 280 
of Ordovician to Devonian age and underlies the Central Basin physiographic province. 281 
Groundwater is stored in and moves through solution-enlarged vertical joints and horizontal 282 
bedding planes. Wells commonly yield 5 to 20 gallons per minute and are an important source of 283 
drinking water throughout much of the Central Basin (TNARNG, 2012). 284 

Based on the surrounding topography, shallow groundwater is likely to flow primarily east toward 285 
Stewart Creek (Figure 2-3). Shallow groundwater and surface water are hydraulically connected 286 
in this region (USACE, 2018). Groundwater depth at VTS-S is anticipated to range from 287 
approximately 40 feet up to as shallow as 2 to 3 feet near Stewart Creek. Groundwater is 288 
recharged via the percolation of precipitation into the Central Basin aquifer. Some fractures and 289 
faults through the Central Basin aquifer may allow recharge to the underlying Knox aquifer, whose 290 
upper formation can also provide substantial quantities of water to wells in the Central Basin at 291 
depths of 1,000 feet or more (TNARNG, 2012). 292 

A query of the Tennessee Department of Environment and Conservation’s (TDEC) water well 293 
database identified six residential and one commercial water supply wells less than 1 mile 294 
southeast of VTS-S (TDEC, 2022). The identified water supply wells range in depth from 85 to 295 
390 feet (Environmental Data Resources, Inc.TM [EDRTM], 2018).  296 

Depths to groundwater measured in March 2022 during the SI ranged from 14.57 to 25.22 feet 297 
bgs. Groundwater elevation contours from the SI are presented on Figure 2-4 and indicate 298 
groundwater flow direction is generally to the northeast towards Stewart Creek.  299 

2.2.3 Hydrology 300 

VTS-S is located within the Stones River Upper Watershed (USGS Hydrologic Unit #05130203; 301 
USGS, 2022b), which includes approximately 589,440 acres (921 square miles) of land and water 302 
that ultimately drain into the Cumberland River. Figure 2-5 shows perennial surface water 303 
features at VTS-S, including Stewart Creek and the J Percy Priest Reservoir. The J Percy Priest 304 
Reservoir is a 42-mile-long lake formed by a dam that is approximately 10 miles east of Nashville, 305 
on Stones River. VTS-S is located in an area of high flood risk, which is mitigated to some degree 306 
by USACE’s control of water levels at the J Percy Priest Reservoir. A large portion of VTS-S falls 307 
at or below the “508-line”, which is defined as portions under 508 feet above mean sea level and 308 
are subject to specific use restrictions (TNARNG, 2012). 309 

Stormwater runoff at VTS-S flows north and east to two outfalls on Stewart Creek via open-flow 310 
ditches and limited storm drains; the two outfall locations are depicted on Figure 2-4. Stormwater 311 
is not treated before entering Stewart Creek. Flow into the facility’s hangar floor drains is conveyed 312 
to two sump tanks, and wastewater from all wash racks passes through oil/water separators 313 
before discharging to the Town of Smyrna sanitary sewer system (TNARNG, 2012). 314 

Potable water for VTS-S and surrounding areas is supplied by the Town of Smyrna from an intake 315 
on J Percy Priest Reservoir, approximately 6 miles downstream from VTS-S. The Town of Smyrna 316 
has capacity to provide up to 8 million gallons of water per day for the local community (TNARNG, 317 
2012). 318 
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2.2.4 Climate 319 

Data for Smyrna, Tennessee indicate that the mean annual temperature between 1981 and 2010 320 
was 57.5 degrees Fahrenheit (ºF). The warmest months are July and August, with normal daily 321 
mean temperatures of 88.9 ºF and 90.0 ºF, respectively. January is the coldest month, with a 322 
mean temperature of 47.5 ºF. Average annual precipitation measured from 1981 to 2010 in 323 
Smyrna, Tennessee was 54.36 inches. Rainfall is heaviest during the month of May, averaging 324 
5.75 inches; October and August are the driest months. Average monthly precipitation ranges 325 
from 3.44 inches in October to 5.75 inches in May (National Oceanic and Atmospheric 326 
Administration, 2022).  327 

2.2.5 Current and Future Land Use 328 

In April 2015, TNARNG’s Army Aviation Support Facility (AASF) #1 transferred operations from 329 
VTS-S to Berry Field in Nashville, with some vehicle maintenance personnel and equipment 330 
remaining at VTS-S. VTS-S is the primary training facility for TNARNG units within 100 miles of 331 
the facility. In addition, a variety of non-ARNG organizations use the training site, including: the 332 
100th Division and the 304th Military Police unit, both of which are Army Reserve units; 3-BCT 333 
101st Airborne, a US Army unit; as well as local gun clubs, Reserve Officer Training Corps groups, 334 
and local law enforcement units. Approximately 60% of all training at VTS-S takes place either in 335 
classrooms or in virtual training facilities. Field training exercises at VTS-S account for 10 to 15% 336 
of overall usage at VTS-S and involve a wide variety of activities, such as: tracked and wheeled 337 
vehicle operations on all military-developed roads and major trails, mounted and dismounted 338 
maneuvers, field bivouacking, mine field detection, land navigation, aviation sling load training, 339 
and weapons firing. 340 

The western boundary of VTS-S is adjacent to the Smyrna/Rutherford County Regional Airport. 341 
Smyrna Municipal Golf Course is located to the south. East and south of VTS-S are single family 342 
and high-density residential properties and industrial businesses. Anticipated future use is not 343 
expected to change from the current land usage.  344 

2.2.6 Sensitive Habitat and Threatened/ Endangered Species  345 

A wildlife survey has not occurred at the facility, and the facility does not have any significant areas 346 
of habitat. The following species have not been identified at the facility but may be present in the 347 
surrounding area.  348 

The following birds, plants, mammals, and reptiles are federally endangered, threatened, 349 
proposed, and/ or are listed as candidate species in Rutherford County, Tennessee (US Fish and 350 
Wildlife Service [USFWS], 2022.  351 

• Insects: Monarch butterfly, Danaus plexippus (candidate) 352 

• Mammals: Gray Bat, Myotis grisescens (endangered); Indiana Bat, Myotis sodalis 353 
(endangered); Northern long-eared Bat, Myotis septentrionalis (threatened) 354 

• Flowering plants: Bruan’s Rock-cress, Arabis perstellata (endangered); Guthrie’s (pyne’s) 355 
Ground-plum, Astragalus bibullatus (endangered); Leafy Prairie-clover, Dalea foliosa 356 
(endangered) 357 

• Crustaceans: Nashville Crayfish, Orconectes shoupi (endangered) 358 
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2.3 History of PFAS Use 359 

Two potential release areas were identified during the PA at VTS-S where AFFF was known to be 360 
used or released historically, including one fire training area (FTA) and one emergency response 361 
area (AECOM, 2018a). Fire training activities occurred for many years on the concrete apron on 362 
the front-west side of the facility hangars, using expiring AFFF extinguishers; the frequency, 363 
volume, and concentration of AFFF used at this location are unknown. Additionally, a fire occurred 364 
between the exterior walls of one hangar, Building 682S, in 2006. The hangar was equipped with 365 
a fire-suppression system, which engaged and filled the hangar; the volume of AFFF released 366 
during this incident is unknown. The Town of Smyrna Fire Department reportedly arrived after the 367 
AFFF was released and used only water on the fire. The potential release areas were grouped 368 
into one AOI based on proximity to one another and presumed groundwater flow direction. A 369 
description of AOI 1 is presented in Section 3.  370 
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3. Summary of Areas of Interest  382 

The PA evaluated areas where PFAS-containing materials may have been used, stored, 383 
disposed, or released historically. Based on the PA findings, two potential release areas were 384 
identified at VTS-S and grouped into one AOI (AECOM, 2018a). The potential release areas are 385 
shown on Figure 3-1. Several potential adjacent off-facility sources (Smyrna/Rutherford County 386 
Regional Airport Fire Station, Buffalo Hangar, the 2017 Fuel Spill, and the 2016 Blue Angel Crash) 387 
are also shown on Figure 3-1 for informational purposes, but are not evaluated as part of this SI. 388 

3.1 AOI 1  389 

AOI 1 consists of two potential release areas. The potential release areas are described below. 390 

3.1.1 Hangar Building 682S 391 

Based on the PA interview with TNARNG personnel, a fire occurred between exterior walls of 392 
Hangar Building 682S in 2006 due to welding operations. Staff reported the hangar’s fire 393 
suppression system did not engage until the late stages of the incident. After the system engaged, 394 
AFFF was released and filled the hangar; the volume of AFFF used during this incident is 395 
unknown. The Town of Smyrna Fire Department reported using only water when they arrived on 396 
the scene, after the AFFF release. The Town of Smyrna Fire Department’s incident report was 397 
included in PA report (AECOM, 2018a). 398 

3.1.2 Concrete Ramp/Apron 399 

According to VTS-S personnel, TNARNG used expired AFFF extinguishers for many years to 400 
conduct fire-training exercises on the concrete apron in the front-west of the hangars (Buildings 401 
681, 682N, and 682S). AFFF runoff released from fire-training activities would have likely 402 
discharged to the nearest storm or sanitary sewer drain. Infiltration to subsurface soil may have 403 
occurred via pavement cracks or seams or leaks in underground piping. Such releases may have 404 
intercepted groundwater and migrated downgradient. The frequency, volume, and concentration 405 
of AFFF used at this location are unknown.  406 
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4. Project Data Quality Objectives 412 

As identified during the Data Quality Objective (DQO) process and outlined in the SI Quality 413 
Assurance Project Plan (QAPP) Addendum (AECOM, 2022a), the objective of the SI is to identify 414 
whether there has been a release to the environment at the AOIs identified in the PA. For each 415 
AOI, ARNG determines if further investigation is warranted, a removal action is required to 416 
address immediate threats, or whether no further action is warranted. This SI evaluated 417 
groundwater and soil for presence or absence of relevant compounds at each of the sampled 418 
AOIs. 419 

4.1 Problem Statement 420 

ARNG will recommend an AOI for Remedial Investigation (RI) if related soil and groundwater 421 
samples have concentrations of the relevant compounds above the OSD risk-based SLs. The 422 
SLs are presented in Section 6.1 of this report.  423 

4.2 Information Inputs 424 

Primary information inputs included: 425 

• The PA for Volunteer Training Site-Smyrna (AECOM, 2018a); 426 

• Analytical data from groundwater and soil samples collected as part of this SI in accordance 427 
with the site-specific Uniform Federal Policy (UFP)-QAPP Addendum (AECOM, 2022a); and 428 

• Field data collected during the SI, including groundwater elevation and water quality 429 
parameters measured at the time of sampling. 430 

4.3 Study Boundaries 431 

The scope of the SI was bounded by the property limits of the facility (Figure 2-2). The vertical 432 
boundary of investigation was limited to the depth of first observed water in the unconsolidated soil or 433 
shallow bedrock (approximately 35 feet bgs). Off-facility sampling was not included in the scope of 434 
this SI. If future off-facility sampling is required, the proper stakeholders will be notified, and necessary 435 
rights of entry will be obtained by ARNG with property owner(s). The temporal boundaries of the study 436 
were limited by field season conditions, specifically avoiding winter months.  437 

4.4 Analytical Approach 438 

Samples were analyzed by Pace Analytical Gulf Coast, accredited under the Department of 439 
Defense (DoD) Environmental Laboratory Accreditation Program (ELAP; Accreditation Number 440 
74960) and the National Environmental Laboratory Accreditation Program (NELAP; Certificate 441 
Number 01955). Data were compared to applicable SLs within this document and decision rules 442 
as defined in the SI QAPP Addendum (AECOM, 2022a).  443 

4.5 Data Usability Assessment 444 

The Data Usability Assessment (DUA), which is provided in Appendix A, is an evaluation at the 445 
conclusion of data collection activities that uses the results of both data verification and validation 446 
in the context of the overall project decisions or objectives. Using both quantitative and qualitative 447 
methods, the assessment determines whether project execution and the resulting data have met 448 
installation-specific DQOs. Both sampling and analytical activities are considered to assess 449 
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whether the collected data are of the right type, quality, and quantity to support the decision-450 
making (DoD, 2019a; DoD, 2019b; USEPA, 2017). 451 

Based on the DUA, the environmental data collected during the SI were found to be acceptable 452 
and usable for this SI evaluation with the qualifications documented in the DUA and its associated 453 
data validation reports. These data are of sufficient quality to meet the objectives and 454 
requirements of the SI QAPP Addendum (AECOM, 2022a).  455 
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5. Site Inspection Activities 456 

This section describes the environmental investigation and sampling activities that occurred as 457 
part of the SI. The SI sampling approach was based on the findings of the PA and implemented 458 
in accordance with the following approved documents: 459 

• Final Preliminary Assessment Report, Volunteer Training Site-Smyrna, Tennessee dated 460 
October 2018 (AECOM, 2018a); 461 

• Final Site Inspection Programmatic Uniform Federal Policy-Quality Assurance Project Plan 462 
dated March 2018 (AECOM, 2018b); 463 

• Final Site Inspection Uniform Federal Policy-Quality Assurance Project Plan Addendum, 464 
Volunteer Training Site-Smyrna, Tennessee dated February 2022 (AECOM, 2022a); 465 

• Final Programmatic Accident Prevention Plan dated July 2018 (AECOM, 2018c); and 466 

• Final Site Safety and Health Plan, Volunteer Training Site-Smyrna, Tennessee dated 467 
February 2022 (AECOM, 2022b). 468 

The SI field activities were conducted from 28 February to 25 March 2022 and consisted of utility 469 
clearance, rotosonic boring, soil sample collection, permanent monitoring well installation, 470 
monitoring well development, groundwater sample collection, and land surveying. Field activities 471 
were conducted in accordance with the SI QAPP Addendum (AECOM, 2022a). 472 

The following samples were collected during the SI and analyzed for a subset of 18 compounds 473 
by liquid chromatography with tandem mass spectrometry (LC/MS/MS) compliant with Quality 474 
Systems Manual (QSM) 5.3 Table B-15 to fulfill the project DQOs: 475 

• Ten (10) soil samples from five sonic boring locations;  476 

• Five groundwater samples from five newly installed permanent monitoring wells;  477 

• Thirteen (13) quality assurance (QA)/quality control (QC) samples. 478 

Figure 5-1 provides the sample locations for all media across the facility. Table 5-1 presents the 479 
list of samples collected for each media. Field documentation is provided in Appendix B. A Log 480 
of Daily Notice of Field Activity was completed throughout the SI field activities, which is provided 481 
in Appendix B1. Sampling forms are provided in Appendix B2, monitoring well development 482 
forms are provided in Appendix B3, and land survey data are provided in Appendix B4. 483 
Additionally, a photographic log of field activities is provided in Appendix C.  484 

5.1 Pre-Investigation Activities 485 

In preparation for the SI field activities, project team members participated in Technical Project 486 
Planning (TPP) meetings, performed utility clearance, and sampled decontamination source 487 
water. Details for each of these activities are presented below. 488 

5.1.1 Technical Project Planning 489 

The USACE TPP Process, Engineer Manual (EM) 200-1-2 (USACE, 2016) defines four phases 490 
to project planning: 1.) defining the project phase; 2.) determining data needs; 3.) developing data 491 
collection strategies; and 4.) finalizing the data collection plan. The process encourages 492 
stakeholder involvement in the SI, beginning with defining overall project objectives, including 493 
DQOs, and formulating a sampling approach to address the AOIs identified in the PA.  494 
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A combined TPP Meeting 1 and 2 was held on 17 March 2021, prior to SI field activities. The 495 
combined TPP Meeting 1 and 2 was conducted in general accordance with EM 200-1-2. The 496 
stakeholders for this SI included the ARNG, TNARNG, USACE, TDEC, and representatives 497 
familiar with the facility, the regulations, and the community. Stakeholders were provided the 498 
opportunity to make comments on the technical sampling approach and methods at the combined 499 
TPP Meeting 1 and 2. The outcome of the combined TPP Meeting 1 and 2 was memorialized in 500 
the SI QAPP Addendum (AECOM, 2022a).  501 

A TPP Meeting 3 was held after the field event (date TBD) to discuss the results of the SI. Meeting 502 
minutes for TPP 3 are included in Appendix D of this report. Future TPP meetings will provide an 503 
opportunity to discuss the results and findings, and future actions, where warranted. 504 

5.1.2 Utility Clearance 505 

AECOM’s drilling subcontractor, Cascade Technical Services, LLC. placed a ticket with the “One 506 
Call” Tennessee utility clearance provider to notify them of intrusive work on 22 February 2022. 507 
However, because VTS-S is a private facility, the participating “One Call” locators did not clear 508 
utilities at the entire facility. Therefore, AECOM contracted Ground Penetrating Radar Services, 509 
LLC. (GPRS), a private utility location service, to perform utility clearance. GPRS performed utility 510 
clearance of the proposed boring locations on 28 February 2022 with input from the AECOM field 511 
team and VTS-S facility staff. General locating services and ground-penetrating radar were used 512 
to complete the clearance. Additionally, the first 5 feet of each boring were pre-cleared using a 513 
hand auger to verify utility clearance in shallow subsurface where utilities would typically be 514 
encountered. 515 

5.1.3 Source Water and Sampling Equipment Acceptability 516 

The potable water source used for decontamination of drilling equipment was confirmed to be 517 
acceptable for use in a PFAS investigation prior to the start of field activities. A sample from a 518 
potable water source at VTS-S was collected on 21 January 2022, prior to mobilization, and 519 
analyzed by LC/MS/MS compliant with QSM 5.3 Table B-15. The results of the decontamination 520 
water sample are provided in Appendix F. A discussion of the results is presented in the DUA 521 
(Appendix A). 522 

Materials that were used within the sampling zone were confirmed as acceptable for use in the 523 
sampling environment. The checklist of acceptable materials for use in the sampling environment 524 
was provided in the Standard Operating Procedures (SOPs) appendix to the SI QAPP Addendum 525 
(AECOM, 2022a). Prior to the start of field work each day, a Sampling Checklist was completed 526 
as an additional layer of control. The checklist served as a daily reminder to each field team 527 
member regarding the allowable materials within the sampling environment.  528 

5.2 Soil Borings and Soil Sampling 529 

Soil samples were collected via rotosonic (sonic) drilling technology, in accordance with the SI 530 
QAPP Addendum (AECOM, 2022a). A GeoProbe® 8140LC sonic drilling system was used to 531 
collect continuous soil cores to the target depth. A hand auger was used to collect soil from the 532 
top 5 feet of the boring, in accordance with AECOM utility clearance procedures. The soil boring 533 
locations are shown on Figure 5-1. Sampling intervals and soil boring depths are provided 534 
Table 5-1 and Table 5-2, respectively.  535 

Up to three discrete soil samples were collected from soil borings in the vadose zone for chemical 536 
analysis: one surface soil sample (0 to 2 feet bgs), one subsurface soil sample approximately 2 537 
feet above the groundwater table, and one subsurface soil sample at the mid-point between the 538 
surface and the groundwater table. All three soil samples were collected only at one location, 539 
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VTS-01. In borings where groundwater was encountered in rock (AOI01-02, and VTS-03), the soil 540 
sample above the water table was not collected, in accordance with the QAPP Addendum 541 
(AECOM, 2022a). Additionally, two wells (VTS-02 and VTS-03) were installed to primarily 542 
evaluate potential migration of dissolved PFAS constituents in groundwater. For this reason and 543 
in accordance with the QAPP Addendum, surface soil was not sampled at those two boring 544 
locations (AECOM, 2022a), and as a result, only one midpoint soil sample was collected at VTS-545 
03. 546 

The soil cores were continuously logged for lithological descriptions by an AECOM field geologist 547 
using the Unified Soil Classification System (USCS). A photoionization detector (PID) was used 548 
to screen the breathing zone during boring activities as part of personal safety requirements. 549 
Observations and measurements were recorded on sampling forms (Appendix B2) and in a non-550 
treated field logbook (i.e., composition notebook). Depth interval, recovery thickness, PID 551 
concentrations, moisture, relative density, color (using a Munsell soil color chart), and texture 552 
(using the USCS) were recorded. The boring logs are provided in Appendix E. 553 

Soil borings completed during the SI found clayey sands and lean clays as the dominant lithology 554 
of unconsolidated sediments below the facility. Lesser amounts of gravel were observed in most 555 
borings. Surface soil at VTS-02 was primarily composed of silt, which differs from the clayey sands 556 
observed at all other locations. The borings were completed at depths between 26 and 35 feet 557 
bgs. Fossiliferous limestone bedrock was observed at depths between 12.5 and 26.5 feet bgs 558 
across borings (see Table 5-3). The limestone was observed to be relatively competent, with 559 
moderately fractured zones in some locations. A sample for grain size analysis was collected at 560 
one location, AOI01-02, from 8 to 10 feet bgs, and analyzed via ASTM Method D-422. The results 561 
are discussed in Section 6.2. Boring logs are presented in Appendix E and grain size results are 562 
presented in Appendix F. 563 

Each soil sample was collected into laboratory-supplied PFAS-free high-density polyethylene 564 
(HDPE) bottles and labeled using a PFAS-free marker or pen. Samples were packaged on ice 565 
and transported via Federal Express (FedEx) under standard chain of custody (CoC) procedures 566 
to the laboratory and analyzed by LC/MS/MS compliant with QSM 5.3 Table B-15, total organic 567 
carbon (TOC) (USEPA Method 9060A), pH (USEPA Method 9045D), and grain size (ASTM 568 
Method D-422) in accordance with the SI QAPP Addendum (AECOM, 2022a). 569 

Field duplicate samples were collected at a rate of 10% and analyzed for the same parameters 570 
as the accompanying samples. Matrix spike (MS)/MS duplicates (MSDs) were collected at a rate 571 
of 5% and analyzed for the same parameters as the accompanying samples. In instances when 572 
non-dedicated sampling equipment was used, such as a hand auger for the shallow soil samples, 573 
equipment rinsate blanks were collected at a rate of 5% and analyzed for the same parameters 574 
as the soil samples. A temperature blank was placed in each cooler to ensure that samples were 575 
preserved at or below 6 degrees Celsius (°C) during shipment. 576 

Sonic borings were converted to permanent monitoring wells, which were constructed in 577 
accordance with the SI QAPP Addendum (AECOM, 2022a) and applicable State requirements 578 
(TDEC, 2015). Wells were installed in grass areas to avoid disturbing concrete or asphalt 579 
surfaces. 580 

5.3 Permanent Well Installation and Groundwater Sampling 581 

During the SI, five permanent monitoring wells were installed within or downgradient of potential 582 
source areas. The locations of the wells are shown on Figure 5-1.  583 

A GeoProbe® 8140LC rotosonic drill rig was used to install five 2-inch diameter monitoring wells. 584 
In accordance with State requirements (TDEC, 2015), the monitoring wells were constructed with 585 
Schedule 40 polyvinyl chloride, flush threaded 10-foot sections of riser, 0.010-inch slotted well 586 
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screen, and a threaded bottom cap. The general location and expected depth of the permanent 587 
wells were determined based on regional hydrogeologic data and historical facility information 588 
gathered in the PA. A filter pack of 20/40 silica sand was installed in the annulus around the well 589 
screen to a minimum of 2 feet above the well screen. A 2-foot-thick bentonite seal was placed 590 
above the filter sand and hydrated with the approved source water. Bentonite grout was placed 591 
in the well annulus from the top of the bentonite seal to ground surface. The bentonite grout was 592 
allowed to set for a minimum of 24 hours prior to well completion, in accordance with the SI QAPP 593 
Addendum (AECOM, 2022a). All monitoring wells were completed with flush mount well vaults. 594 
The screen interval of each of the groundwater monitoring wells is provided in Table 5-3. 595 

Development and sampling of wells was completed in accordance with the SI QAPP Addendum 596 
(AECOM, 2022a). The newly installed monitoring wells were developed no sooner than 24 hours 597 
following installation by pumping and surging using a submersible pump. In wells with limited 598 
groundwater recharge, the wells were purged dry three times in succession using either a 599 
submersible pump or peristaltic pump. When used, the submersible pump was decontaminated 600 
thoroughly between each well. Samples were collected no sooner than 24 hours following 601 
development via low-flow sampling methods using a peristaltic pump with disposable, PFAS-free, 602 
HDPE tubing. New tubing was used at each well. The wells were purged at a rate determined in 603 
the field to reduce draw down prior to sampling. Water quality parameters (e.g., temperature, 604 
specific conductance, pH, dissolved oxygen, oxidation-reduction potential, and turbidity) were 605 
measured using a water quality meter and recorded on the field sampling form (Appendix B2). 606 
Water levels were measured to the nearest 0.01 inch and recorded. Additionally, a subsample of 607 
each groundwater sample was collected in a separate container and a shaker test was completed 608 
to identify if there were any foaming. Slight foaming was observed in one sample taken from newly 609 
installed permanent monitoring well AOI01-01 and was noted on the CoC. 610 

Each sample was collected into laboratory-supplied PFAS-free HDPE bottles and labeled using 611 
a PFAS-free marker or pen. Samples were packaged on ice and transported via FedEx under 612 
standard CoC procedures to the laboratory and analyzed by LC/MS/MS compliant with QSM 5.3 613 
Table B-15 in accordance with the SI QAPP Addendum (AECOM, 2022a). 614 

Field duplicate samples were collected at a rate of 10% and analyzed for the same parameters 615 
as the accompanying samples. MS/MSDs were collected at a rate of 5% and analyzed for the 616 
same parameters as the accompanying samples. One field reagent blank was collected in 617 
accordance with the Programmatic UFP-QAPP (PQAPP) (AECOM, 2018b). A temperature blank 618 
was placed in each cooler to ensure that samples were preserved at or below 6 °C during 619 
shipment. 620 

5.4 Synoptic Water Level Measurements 621 

A synoptic groundwater gauging event was performed on 20 March 2022. Groundwater elevation 622 
measurements were collected from the five new temporary monitoring wells. Water level 623 
measurements were taken from the northern side of the well casing. A groundwater flow contour 624 
map is provided in Figure 2-4, and groundwater elevation data are provided in Table 5-3. 625 

5.5 Surveying 626 

The northern side of each well casing was surveyed by Tennessee-licensed land surveyors 627 
following guidelines documented in the SOPs included in the SI QAPP Addendum (AECOM, 628 
2022a). Survey data from the newly installed wells on the facility were collected on 21 March 2022 629 
in the applicable Universal Transverse Mercator zone projection with World Geodetic System 84 630 
datum (horizontal) and North American Vertical Datum 1988 (vertical). The surveyed well data are 631 
provided in Appendix B4. 632 
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5.6 Investigation-Derived Waste 633 

As of the date of this report, the disposal of investigation-derived waste (IDW) is not regulated 634 
federally. IDW generated during the SI is considered non-hazardous waste and was managed in 635 
accordance with the SI QAPP Addendum (AECOM, 2022a) and with the DA Guidance for 636 
Addressing Releases of PFAS, Q18 (DA, 2018). 637 

Soil IDW (i.e., soil cuttings) generated during the SI activities were containerized in new, properly 638 
labelled 55-gallon drums and stored in a location designated by VTS-S staff and the TNARNG 639 
Environmental Department. Soil IDW from each borehole was containerized individually and not 640 
combined with IDW from other boreholes. The soil IDW was not sampled and assumes the PFAS 641 
characteristics of the associated soil samples collected from that source location.  642 

Liquid IDW (i.e. purge water, development water, and decontamination fluids) generated during 643 
SI activities were containerized in new, properly-labelled 55-gallon drums and stored in a location 644 
designated by VTS-S staff and the TNARNG Environmental Department. Liquid IDW from each 645 
well was containerized individually and not combined with IDW from other wells. The liquid IDW 646 
was not sampled and assumes the PFAS characteristics of the associated groundwater samples 647 
collected from that source location. Final treatment and disposal of the liquid IDW was handled 648 
under a separate contract by another contractor. 649 

Other solids such as spent personal protective equipment, plastic sheeting, tubing, rope, unused 650 
monitoring well construction materials, and other environmental media generated during the field 651 
activities were disposed of at a licensed solid waste landfill. 652 

5.7 Laboratory Analytical Methods 653 

Samples were analyzed by LC/MS/MS compliant with QSM 5.3 Table B-15 at Pace Analytical Gulf 654 
Coast in Baton Rouge, Louisiana, a DoD ELAP and NELAP certified laboratory. Soil samples 655 
were also analyzed for TOC using USEPA Method 9060A, pH by USEPA Method 9045D, and 656 
grain size (ASTM D-422). 657 

5.8 Deviations from SI QAPP Addendum 658 

There were no deviations from the QAPP Addendum (AECOM, 2020a). No field changes or non-659 
conformance reports were necessary.  660 
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Table 5-1
Site Inspection Samples by Medium

Site Inspection Report, Volunteer Training Site-Smyrna, Tennessee

Sample Identification

Sample
Collection 
Date/Time

Sample Depth 
(feet bgs) LC

/M
S/

M
S 
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nt
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D

)
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e 

(A
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M
 D
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)

Comments

AOI01-01-SB-00-02 3/4/2022 7:40 0-2 x
AOI01-01-SB-00-02-D 3/4/2022 7:40 0-2 x Duplicate
AOI01-01-SB-00-02-MS 3/4/2022 7:40 0-2 x MS
AOI01-01-SB-00-02-MSD 3/4/2022 7:40 0-2 x MSD
AOI01-01-SB-12-14 3/4/2022 7:56 12-14 x
AOI01-02-SB-00-02 3/3/2022 12:30 0-2 x x x TOC/pH
AOI01-02-SB-08-10 3/3/2022 13:05 8-10 x x Grain Size
VTS-01-SB-00-02 2/28/2022 12:50 0-2 x
VTS-01-SB-06-08 3/1/2022 9:45 6-8 x
VTS-01-SB-06-08-D 3/1/2022 9:45 6-8 x Duplicate
VTS-01-12-14 3/1/2022 10:00 12-14 x
VTS-02-SB-11-13 3/3/2022 8:00 11-13 x
VTS-02-SB-22-24 3/3/2022 8:15 22-24 x
VTS-03-SB-10-12 3/2/2022 8:00 10-12 x

AOI01-01-GW 3/25/2022 13:45 N/A x
AOI01-02-GW 3/25/2022 12:20 N/A x
AOI01-02-GW-D 3/25/2022 12:20 N/A x Duplicate
AOI01-02-GW-MS 3/25/2022 12:20 N/A x MS
AOI01-02-GW-MSD 3/25/2022 12:20 N/A x MSD
VTS-01-GW 3/20/2022 12:00 N/A x
VTS-02-GW 3/25/2022 14:55 N/A x
VTS-03-GW 3/20/2022 15:30 N/A x

VTS-ERB-01 3/1/2022 13:10 N/A x
taken off of hand 

auger

VTS-ERB-02 3/2/2022 17:00 N/A x
taken off of sonic 
rig cutting shoe

VTS-ERB-03 3/3/2022 9:50 N/A x
taken off of soil 

spatula

VTS-ERB-04 3/4/2022 13:00 N/A x

taken off of 
submersible 

pump
VTS-FRB-01 3/1/2022 11:35 N/A x FRB
VTS-S DECON 1/21/2022 10:30 N/A x DECON
Notes:
ASTM = American Society for Testing and Materials
bgs = below ground surface
ERB = equipment rinsate blank
FRB = field reagent blank
LC/MS/MS = Liquid Chromatography Mass Spectrometry
MS/MSD = matrix spike/ matrix spike duplicate
N/A = not applicable
QSM = Quality Systems Manual
TOC = total organic carbon
USEPA = United States Environmental Protection Agency

Soil Samples

Groundwater Samples

Quality Control Samples
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Table 5-2
Soil Boring Depths

Site Inspection Report, Volunteer Training Site-Smyrna, Tennessee

Area of Interest
Boring 

Location
Soil Boring Depth 

(feet bgs)
AOI01-01 35
AOI01-02 29.4
VTS-01 27
VTS-02 29.33
VTS-03 26

Notes:

bgs = below ground surface
VTS = Volunteer Training Site

1
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Table 5-3
Permanent Well Screen Intervals, Groundwater Elevations, and Bedrock Elevations

Site Inspection Report, Volunteer Training Site-Smyrna, Tennessee

Area of 
Interest

Boring 
Location

Permanent 
Well Screen 

Interval 
(feet bgs)

Top of Casing 
Elevation 

(feet NAVD88)

Ground 
Surface 

Elevation 
(feet NAVD88)

Depth to 
Water

(feet btoc)

Depth to 
Water

(feet bgs)

Groundwater 
Elevation

(feet NAVD88)

Depth to 
Bedrock 
(feet bgs)

Bedrock 
Surface 

Elevation (feet 
NAVD 88)

AOI01-01 25.00 - 35.00 512.50 512.80 24.03 24.33 488.47 25.00 487.80
AOI01-02 19.40 - 29.40 515.06 515.10 25.18 25.22 489.88 17.00 498.10
VTS-01 15.15 - 25.15 507.74 508.20 19.43 19.89 488.31 26.50 481.70
VTS-02 19.33 - 29.33 518.44 518.60 23.74 23.90 494.70 26.00 492.60
VTS-03 14.78 - 24.78 503.40 503.78 14.19 14.57 489.21 12.50 491.28

Notes:

bgs = below ground surface
btoc = below top of casing
NAVD88 = North American Vertical Datum 1988
VTS = Volunteer Training Site

1
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6. Site Inspection Results  671 

This section presents the analytical results of the SI. The SLs used in this evaluation are 672 
presented in Section 6.1. A discussion of the results for AOI 1 is provided in Section 6.3. Table 673 
6-2 through Table 6-5 present results in soil or groundwater for the relevant compounds. Tables 674 
that contain all results are provided in Appendix F, and the laboratory reports are provided in 675 
Appendix G. 676 

6.1 Screening Levels  677 

The DoD has adopted a policy to retain facilities in the CERCLA process based on risk-based 678 
SLs for soil and groundwater, as described in a memorandum from the OSD dated 6 July 2022 679 
(Assistant Secretary of Defense, 2022). The ARNG program under which this SI was performed 680 
follows this DoD policy. Should the maximum concentration for sampled media exceed the SLs 681 
established in the OSD memorandum, the AOI will proceed to the next phase under CERCLA. 682 
The SLs established in the OSD memorandum apply to the five compounds presented on Table 683 
6-1 below. 684 

Table 6-1: Screening Levels (Soil and Groundwater) 685 

Analyteb 

Residential 
(Soil) 

(µg/kg)a 

0-2 feet bgs 

Industrial/ 
Commercial 
Composite 

Worker 
(Soil) 

(µg/kg)a 

2-15 feet bgs 

Tap Water 
(Groundwater) 

(ng/L)a 

PFOA 19 250 6 
PFOS 13 160 4 
PFBS 1,900 25,000 601 
PFHxS 130 1,600 39 
PFNA 19 250 6 

Notes: 686 
bgs = below ground surface; µg/kg = micrograms per kilogram; ng/L = nanograms per liter 687 

a.) Assistant Secretary of Defense, 2022. Risk Based Screening Levels in Groundwater and Soil using United States Environmental Protection 688 
Agency’s (USEPA’s) Regional Screening Level Calculator. Hazard Quotient (HQ) = 0.1. 6 July 2022.  689 

b.) Of the six PFAS compounds presented in the 6 July 2022 OSD memorandum, HFPO-DA (commonly referred to as GenX) was not included 690 
as an analyte at the time of this SI.  Based on the CSM developed during the PA and revised based on SI findings, the presence of HFPO-691 
DA is not anticipated at the facility because HFPO-DA is generally not a component of MIL-SPEC AFFF and based on its history including 692 
distribution limitations that restricted use of GenX, it is generally not a component of other products the military used. In addition, it is 693 
unlikely that GenX would be an individual chemical of concern in the absence of other PFAS. 694 

 695 
The data in the subsequent sections are compared to the SLs presented in Table 6-1. The SLs 696 
for groundwater are based on direct ingestion. The SLs for soil are based on incidental ingestion 697 
and are applied to the depth intervals reasonably anticipated to be encountered by the receptors 698 
identified at the facility: the residential scenario is applied to surface soil results (0 to 2 feet bgs) 699 
and the industrial/commercial worker scenario is applied to shallow subsurface soil results (2 to 700 
15 feet bgs). The SLs are not applied to deep subsurface soil results (>15 feet bgs) because 15 701 
feet is the anticipated limit of construction activities.  702 
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6.2 Soil Physicochemical Analyses 703 

To provide basic soil parameter information, soil samples were analyzed for TOC, pH, and grain 704 
size, which are important for evaluating transport through the soil medium. Appendix F contains 705 
the results of the TOC, pH, and grain size sampling. Results from the two samples collected had 706 
values ranging from 7.32 to 7.72 pH and 1400 to 1670 milligrams per kilogram TOC. A sample for 707 
grain size analysis was collected at one location, AOI01-02, from 8 to 10 feet bgs, and analyzed 708 
via ASTM Method D-422. The results indicate that the soil sample was comprised primarily of silt 709 
(63.41%) and clay (30.45%). These results and facility observations are consistent with the 710 
understood alluvial depositional environment of the unconsolidated surficial deposits overlying an 711 
Ordovician-aged carbonate unit, the Ridley Limestone (USGS, 2022a). 712 

The data collected in this investigation will be used in subsequent investigations, where 713 
appropriate, to assess fate and transport. According to the Interstate Technology Regulatory 714 
Council (ITRC), several important partitioning mechanisms include hydrophobic and lipophobic 715 
effects, electrostatic interactions, and interfacial behaviors. At relevant environmental pH values, 716 
certain PFAS are present as organic anions and are therefore relatively mobile in groundwater 717 
(Xiao et al., 2015), but tend to associate with the organic carbon fraction that may be present in 718 
soil or sediment (Higgins and Luthy, 2006; Guelfo and Higgins, 2013). When sufficient organic 719 
carbon is present, organic carbon normalized distribution coefficients (Koc values) can help in 720 
evaluating transport potential, though other geochemical factors (for example, pH and presence 721 
of polyvalent cations) may also affect PFAS sorption to solid phases (ITRC, 2018). 722 

6.3 AOI 1  723 

This section presents the analytical results for soil and groundwater in comparison to SLs for 724 
AOI 1, which includes two potential release areas: Concrete Ramp/Apron and Building 682S. The 725 
soil and groundwater results are summarized on Table 6-2 through Table 6-5. Soil and 726 
groundwater results are presented on Figure 6-1 through Figure 6-7. 727 

6.3.1 AOI 1 Soil Analytical Results 728 

Figure 6-1 through Figure 6-5 present the ranges of detections in soil. Table 6-2 through Table 729 
6-4 summarize the soil results. 730 

Soil was sampled from surface soil (0 to 2 feet bgs) from boring locations AOI01-01, AOI01-02, 731 
and VTS-01. Soil was also sampled from shallow subsurface soil (6 to 14 feet bgs) from all five 732 
boring locations (AOI01-01, AOI01-02, VTS-01, VTS-02, and VTS-03). A third subsurface soil 733 
sample was only taken at VTS-01 and VTS-02 due to the presence of bedrock above the water 734 
table at all other locations.  735 

PFOA, PFOS, PFHxS, PFNA, and PFBS were detected in surface soil at concentrations below 736 
their respective SLs. At AOI1-01 and VTS-01, PFOA was detected at a maximum concentration 737 
of 0.363 J micrograms per kilogram (µg/kg); PFOS at a maximum concentration of 7.45 µg/kg; 738 
PFBS at a maximum concentration of 0.068 J µg/kg; and PFHxS at a maximum concentration of 739 
0.102 J µg/kg. PFNA was detected in all three surface soil samples with a maximum concentration 740 
of 0.158 µg/kg. 741 

PFOS, PFBS, PFHxS, and PFNA were each detected in at least one shallow subsurface soil at 742 
concentrations below their respective SLs at the following maximum concentrations: PFOS at 743 
0.222 J µg/kg, PFBS at 0.024 J µg/kg; PFHxS at 0.208 J µg/kg; and PFNA at 0.029 J µg/kg. PFOA 744 
was not detected in shallow subsurface soil. 745 



Site Inspection Report 
Volunteer Training Site-Smyrna, Tennessee 

AECOM  6-3 
  

 

A single deep subsurface soil (22 to 24 feet bgs) was collected at the facility from boring location 746 
VTS-02. PFOS was detected at 0.075 J µg/kg. PFOA, PFHxS, PFNA, and PFBS were not 747 
detected. 748 

6.3.2 AOI 1 Groundwater Analytical Results 749 

Figure 6-6 and Figure 6-7 present the ranges of detections in groundwater. Table 6-5 750 
summarizes the groundwater results.  751 

Within AOI 1, groundwater was sampled from newly installed permanent monitoring wells 752 
AOI01-01 and AOI01-02. PFOA, PFBS, and PFNA were detected in at least one well at 753 
concentrations below the SLs. PFOS at AOI01-01 and AOI01-02 exceeded the SL of 4 nanograms 754 
per liter (ng/L) with concentrations of 7.00 ng/L and 58.8 ng/L, respectively.  755 

Groundwater was also sampled at three other newly installed permanent monitoring wells, 756 
VTS-01 through VTS-03. These wells were installed outside of the AOI to evaluate presence or 757 
absence of PFAS in groundwater upgradient or side-gradient of the AOI. VTS-01 is located 758 
upgradient of AOI 1, just east and downgradient of the Buffalo Hangar, an adjacent off-facility 759 
potential source. VTS-02 is located side-gradient of AOI 1, and VTS-03 is side-gradient of AOI 1, 760 
near the eastern facility boundary. PFOA, PFBS, and PFHxS were detected below the SLs at all 761 
three locations at maximum concentrations of 2.82 ng/L, 3.08 ng/L, and 16.6 ng/L, respectively. 762 
PFOS was not detected at VTS-03. PFNA was not detected at VTS-01, VTS-02, or VTS-03. PFOS 763 
exceeded the SL of 4 ng/L at VTS-01 and VTS-02, with concentrations of 28.5 ng/L and 4.43 ng/L, 764 
respectively.  765 

6.3.3 AOI 1 Conclusions 766 

Based on the results of the SI, PFOA, PFOS, PFHxS, PFNA, and PFBS were detected in soil 767 
below their respective SLs. PFOS was detected in groundwater at concentrations above the SL. 768 
Based on the exceedance of the PFOS SL in groundwater, further evaluation at AOI 1 is 769 
warranted.   770 
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Table 6-2
PFOA, PFOS, PFBS, PFNA, and PFHxS Results in Surface Soil

Site Inspection Report, Volunteer Training Site-Smyrna

Analyte OSD Screening 
Level a

Result Qual Result Qual Result Qual Result Qual

PFBS 1900 0.068 J 0.037 J ND U 0.025 J
PFHxS 130 0.102 J 0.040 J ND U 0.084 J
PFNA 19 0.158 J 0.024 J 0.050 J 0.057 J
PFOA 19 0.363 J ND U ND U 0.156 J
PFOS 13 0.915 J- 0.163 J- 7.45 0.465 J

Grey Fill Detected concentration exceeded OSD Screening Levels Chemical Abbreviations
PFBS perfluorobutanesulfonic acid

References PFHxS perfluorohexanesulfonic acid
PFNA perfluorononanoic acid
PFOA perfluorooctanoic acid
PFOS perfluorooctanesulfonic acid

Interpreted Qualifiers Acronyms and Abbreviations
J = Estimated concentration AOI Area of Interest
J- = Estimated concentration, biased low D duplicate
U = The analyte was not detected at a level greater than or equal to the adjusted DL DL detection limit

ft feet
HQ hazard quotient
ID identification
LCMSMS liquid chromatography with tandem mass spectrometry
LOD limit of detection
ND analyte not detected above the LOD
OSD Office of the Secretary of Defense
QSM Quality Systems Manual
Qual interpreted qualifier
SB soil boring
USEPA United States Environmental Protection Agency
VTS Volunteer Training Site-Smyrna
µg/kg micrograms per kilogram

a. Assistant Secretary of Defense, July 2022. Risk Based Screening Levels Calculated for PFOA, PFOS, PFBS, PFHxS, and PFNA in Groundwater or Soil using 
USEPA’s Regional Screening Level Calculator. HQ=0.1, May 2022. Soil screening levels based on residential scenario for incidental ingestion of contaminated soil.

AOI01
VTS-01-SB-00-02

02/28/2022
0-2 ft

Soil, LCMSMS compliant with QSM 5.3 Table B-15 (µg/kg)

AOI01-01-SB-00-02-D
03/04/2022

0-2 ft

AOI01-02-SB-00-02
03/03/2022

0-2 ft

Area of Interest
Sample ID

Sample Date
Depth

AOI01-01-SB-00-02
03/04/2022

0-2 ft
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Table 6-3
PFOA, PFOS, PFBS, PFNA, and PFHxS Results in Shallow Subsurface Soil

Site Inspection Report, Volunteer Training Site-Smyrna

Analyte OSD Screening 
Level a

Result Qual Result Qual Result Qual Result Qual Result Qual Result Qual Result Qual

PFBS 25000 ND U 0.024 J 0.024 J 0.025 J ND U ND U ND U
PFHxS 1600 ND U 0.208 J 0.045 J 0.038 J 0.045 J ND U ND U
PFNA 250 ND U ND U ND U ND U 0.029 J ND U ND U
PFOA 250 ND U ND U ND U ND U ND U ND U ND U
PFOS 160 ND U 0.189 J 0.110 J 0.135 J 0.222 J 0.077 J 0.105 J

Grey Fill Detected concentration exceeded OSD Screening Levels Chemical Abbreviations
PFBS perfluorobutanesulfonic acid

References PFHxS perfluorohexanesulfonic acid
PFNA perfluorononanoic acid
PFOA perfluorooctanoic acid
PFOS perfluorooctanesulfonic acid

Interpreted Qualifiers Acronyms and Abbreviations
J = Estimated concentration AOI Area of Interest
U = The analyte was not detected at a level greater than or equal to the adjusted DL D duplicate

DL detection limit
ft feet
HQ hazard quotient
ID identification
LCMSMS liquid chromatography with tandem mass spectrometry
LOD limit of detection
ND analyte not detected above the LOD
OSD Office of the Secretary of Defense
QSM Quality Systems Manual
Qual interpreted qualifier
SB soil boring
USEPA United States Environmental Protection Agency
VTS Volunteer Training Site-Smyrna
µg/kg micrograms per kilogram

Soil, LCMSMS compliant with QSM 5.3 Table B-15 (µg/kg)

a. Assistant Secretary of Defense, July 2022. Risk Based Screening Levels Calculated for PFOA, PFOS, PFBS, PFHxS, and PFNA in Groundwater or Soil using 
USEPA’s Regional Screening Level Calculator. HQ=0.1, May 2022. Soil screening levels based on industrial/commercial composite worker scenario for incidental 
ingestion of contaminated soil.

AOI01
VTS-02-SB-11-13

03/03/2022
11-13 ft

VTS-03-SB-10-12
03/02/2022

10-12 ft

VTS-01-SB-06-08-D
03/01/2022

6-8 ft

VTS-01-SB-12-14
03/01/2022

12-14 ft

AOI01-02-SB-08-10
03/03/2022

8-10 ft

VTS-01-SB-06-08
03/01/2022

6-8 ft

Area of Interest
Sample ID

Sample Date
Depth

AOI01-01-SB-12-14
03/04/2022

12-14 ft
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Table 6-4
PFOA, PFOS, PFBS, PFNA, and PFHxS Results in Deep Subsurface Soil

Site Inspection Report, Volunteer Training Site-Smyrna
Area of Interest

Sample ID
Sample Date

Depth
Analyte Result Qual

PFBS ND U
PFHxS ND U
PFNA ND U
PFOA ND U
PFOS 0.075 J

Interpreted Qualifiers Chemical Abbreviations
J = Estimated concentration PFBS perfluorobutanesulfonic acid
U = The analyte was not detected at a level greater than or equal to the adjusted DL PFHxS perfluorohexanesulfonic acid

PFNA perfluorononanoic acid
PFOA perfluorooctanoic acid
PFOS perfluorooctanesulfonic acid

Acronyms and Abbreviations
AOI Area of Interest
DL detection limit
ft feet
ID identification
LCMSMS liquid chromatography with tandem mass spectrometry
LOD limit of detection
ND analyte not detected above the LOD
QSM Quality Systems Manual
Qual interpreted qualifier
SB soil boring
VTS Volunteer Training Site-Smyrna
µg/kg micrograms per kilogram

AOI01
VTS-02-SB-22-24

03/03/2022
22-24 ft

Soil, LCMSMS compliant with QSM 5.3 Table B-15 (µg/kg)
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Table 6-5
PFOA, PFOS, PFBS, PFNA, and PFHxS Results in Groundwater

Site Inspection Report, Volunteer Training Site-Smyrna

Analyte OSD Screening 
Level a

Result Qual Result Qual Result Qual Result Qual Result Qual Result Qual

PFBS 601 1.28 J+ 2.51 J+ 2.88 J+ 2.83 J+ 0.939 J+ 3.08 J
PFHxS 39 1.44 J 20.7 J+ 24.7 J+ 16.6 2.14 J 4.25
PFNA 6 2.15 J ND U ND U ND U ND U ND U
PFOA 6 4.68 3.41 J 4.14 2.82 J 1.47 J 2.26 J
PFOS 4 7.00 49.8 J+ 58.8 J+ 28.5 4.43 ND U

Grey Fill Detected concentration exceeded OSD Screening Levels Chemical Abbreviations
PFBS perfluorobutanesulfonic acid

References PFHxS perfluorohexanesulfonic acid
PFNA perfluorononanoic acid
PFOA perfluorooctanoic acid
PFOS perfluorooctanesulfonic acid

Interpreted Qualifiers Acronyms and Abbreviations
J = Estimated concentration AASF Army Aviation Support Facility
J+ = Estimated concentration, biased high AOI Area of Interest
U = The analyte was not detected at a level greater than or equal to the adjusted DL D duplicate

DL detection limit
GW groundwater
HQ hazard quotient
ID identification
LCMSMS liquid chromatography with tandem mass spectrometry
LOD limit of detection
ND analyte not detected above the LOD
OSD Office of the Secretary of Defense
QSM Quality Systems Manual
Qual interpreted qualifier
USEPA United States Environmental Protection Agency
VTS Volunteer Training Site-Smyrna
ng/l nanogram per liter

03/20/2022

Water, LCMSMS compliant with QSM 5.3 Table B-15 (ng/l)

a. Assistant Secretary of Defense, July 2022. Risk Based Screening Levels Calculated for PFOA, PFOS, PFBS, PFHxS, and PFNA in Groundwater or Soil using 
USEPA’s Regional Screening Level Calculator. HQ=0.1, May 2022 Groundwater screening levels based on residential scenario for direct ingestion of groundwater.

AOI01
VTS-01-GW
03/20/2022

VTS-02-GW
03/25/2022

AOI01-02-GW
03/25/2022

AOI01-02-GW-D
03/25/2022

Area of Interest
Sample ID

Sample Date
AOI01-01-GW

03/25/2022
VTS-03-GW
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7. Exposure Pathways 785 

The CSM for AOI 1, revised based on the SI findings, is presented on Figure 7-1. Please note 786 
that while the CSM discussion assists in determining if a receptor may be impacted, the decision 787 
to move from SI to RI or interim action is determined based upon exceedances of the SLs for the 788 
relevant compounds and whether the release is more than likely attributable to the DoD. A CSM 789 
presents the current understanding of the site conditions with respect to known and suspected 790 
sources, potential transport mechanisms and migration pathways, and potentially exposed human 791 
receptors. A human exposure pathway is considered potentially complete when the following 792 
conditions are present: 793 

1. Contaminant source; 794 

2. Environmental fate and transport; 795 

3. Exposure point; 796 

4. Exposure route; and 797 

5. Potentially exposed populations. 798 

If any of these elements are missing, the pathway is incomplete. The CSM figure uses an empty 799 
circle symbol to represent an incomplete exposure pathway. Areas with an incomplete pathway 800 
generally warrant no further action. However, the pathway is considered potentially complete if the 801 
relevant compounds are detected, in which case the CSM figure uses a half-filled circle symbol to 802 
represent a potentially complete exposure pathway. Additionally, a completely filled circle symbol is 803 
used to indicate when a potentially complete exposure pathway has detections of relevant 804 
compounds above the SLs. Areas with an identified potentially complete pathway that have 805 
detections of the relevant compounds above the SLs may warrant further investigation. Although 806 
the CSMs indicate whether potentially complete exposure pathways may exist, the 807 
recommendation for future study in an RI or no action at this time is based on the comparison of 808 
the SI analytical results for the relevant compounds to the SLs. 809 

In general, the potential routes of exposure to the relevant compounds are ingestion and 810 
inhalation. Human exposure via the dermal contact pathway may occur, and current risk practice 811 
suggests it is an insignificant pathway compared to ingestion; however, exposure data for dermal 812 
pathways are sparse and continue to be the subject of toxicological study. The receptors 813 
evaluated are consistent with those listed in USEPA guidance for risk screening (USEPA, 2001). 814 
Receptors at the facility include site workers (e.g., facility staff and visiting soldiers), construction 815 
workers, trespassers, residents outside the facility boundary, and recreational users outside of 816 
the facility boundary.  817 

7.1 Soil Exposure Pathway 818 

The SI results in soil were used to determine whether a potentially complete pathway exists 819 
between the source and potential receptors at AOI 1 based on the aforementioned criteria.  820 

7.1.1 AOI 1 821 

AFFF was historically released at AOI 1 during fire training activities at the Concrete Ramp outside 822 
of the three facility hangars. Additionally, AFFF was released by the fire suppression system 823 
during a fire in hangar Building 682S. PFOA, PFOS, PFBS, PFHxS, and PFNA were detected in 824 
soil at AOI 1 and side-gradient of the AOI. 825 
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Based on the results of the SI in AOI 1 and the surrounding facility, ground-disturbing activities 826 
could potentially result in site worker, current or future construction worker, or trespasser (although 827 
unlikely due to restricted access) exposure to PFOA, PFOS, PFBS, PFHxS, and PFNA via 828 
inhalation of dust. Off-facility recreational users of the nearby J Percy Priest Reservoir or 829 
Volunteer Park ball fields may potentially be exposed to PFOA, PFOS, PFBS, PFHxS, and PFNA 830 
via inhalation of dust caused by on-facility ground disturbing activities. Additionally, nearby 831 
residents may potentially be exposed to these contaminants via inhalation of dust. Ground-832 
disturbing activities could also potentially result in site worker, construction worker, or trespasser 833 
exposure via ingestion of surface soil.  834 

Ground-disturbing activities could also potentially result in construction worker exposure to PFOS, 835 
PFBS, PFHxS, and PFNA in subsurface soil via ingestion. Construction activities were observed 836 
in the vicinity of AOI 1, at the northwest corner of 8th Avenue and B Street during the SI. The CSM 837 
for AOI 1 is presented on Figure 7-1.  838 

7.2 Groundwater Exposure Pathway 839 

The SI results in groundwater were used to determine whether a potentially complete pathway 840 
exists between the source and potential receptors based on the aforementioned criteria. 841 

7.2.1 AOI 1 842 

PFOS exceeded the SLs in four of the five newly installed permanent monitoring wells at the 843 
facility. PFOS was not detected at VTS-03. PFOA, PFBS, and PFHxS, were detected in 844 
groundwater from all five newly installed permanent monitoring wells within or outside of AOI 1 845 
but did not exceed SLs. PFNA was detected only in well AOI01-01 but did not exceed the SL. 846 
There are no potable water supply wells downgradient of AOI 1. However, less than 0.25 miles 847 
downgradient of the release area is Stewart Creek, an upriver tributary of J Percy Priest Reservoir, 848 
which is the source of drinking water for the Town of Smyrna and the facility. Due to PFOS SL 849 
exceedances the ingestion exposure pathway for site workers, trespassers (although unlikely due 850 
to restricted access), off-facility residents, and recreational users is considered potentially 851 
complete. Depths to water measured in March 2022 during the SI ranged from 14.57 to 25.22 feet 852 
bgs. Therefore, groundwater may be encountered during construction activities and the ingestion 853 
exposure pathway for construction workers is considered potentially complete. The CSM for AOI 854 
1 is presented on Figure 7-1.  855 

7.3 Surface Water and Sediment Exposure Pathway 856 

Surface water and sediment were not sampled as a part of this SI. The SI results in soil and 857 
groundwater, in combination with knowledge of the fate and transport properties of PFAS, were 858 
used to determine whether a potentially complete pathway exists between the source and 859 
potential receptors. 860 

7.3.1 AOI 1 861 

PFAS are water soluble and can migrate readily from soil to surface water via leaching and run-862 
off. Groundwater and surface water at AOI 1 are connected (USACE, 2018). Because PFOA, 863 
PFBS, PFHxS, and PFNA were detected in soil and groundwater at AOI 1 and PFOS was detected 864 
in soil and exceeded the SL in groundwater, it is possible that those compounds may have 865 
migrated from soil and groundwater to Stewart Creek via groundwater discharge or the 866 
stormwater system outfalls along Stewart Creek (see Figure 2-4). Stewart Creek discharges north 867 
into J Percy Priest Reservoir. Since the reservoir provides potable water to the facility, the surface 868 
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water and sediment ingestion exposure pathway for site workers, construction workers, or 869 
trespassers (although unlikely due to restricted access) is considered potentially complete.  870 

J Percy Priest Reservoir is also used for recreational fishing activities and provides drinking water 871 
to the Town of Smyrna. Therefore, the surface water and sediment ingestion exposure pathway 872 
for off-facility residents and recreational users is also considered potentially complete due to 873 
PFOS SL exceedances and groundwater and surface water near the facility being connected.  874 
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8. Summary and Outcome 880 

This section summarizes SI activities and findings. The most significant findings are summarized 881 
in this section and are reproduced directly or abstracted from information contained in this report. 882 
The outcome provides general and comparative interpretations of the findings relative to the SLs. 883 

8.1 SI Activities  884 

The SI field activities were conducted between 28 February and 25 March 2022 and consisted of 885 
utility clearance, sonic boring, soil sample collection, permanent monitoring well installation, 886 
monitoring well development, groundwater sample collection, and land surveying. Field activities 887 
were conducted in accordance with the SI QAPP Addendum (AECOM, 2022a). 888 

To fulfill the project DQOs set forth in the approved SI QAPP Addendum (AECOM, 2022a), samples 889 
were collected and analyzed for a subset of 18 compounds by LC/MS/MS compliant with QSM 5.3 890 
Table B-15 as follows.  891 

• Ten (10) soil samples from five sonic boring locations;  892 

• Five grab groundwater samples from five newly installed permanent monitoring wells;  893 

• Thirteen (13) QA/QC samples. 894 

An SI is conducted when the PA determines an AOI exists based on probable use, storage, and/or 895 
disposal of PFAS-containing materials. The SI includes multi-media sampling at the AOI to 896 
determine whether or not a release has occurred. The SI may conclude further investigation is 897 
warranted, a removal action is required to address immediate threats, or no further action is 898 
required. Additionally, the CSM was refined to assess whether a potentially complete pathway 899 
exists between the source and potential receptors for potential exposure at the AOI, which is 900 
described in Section 7. 901 

8.2 Outcome  902 

Based on the results of this SI, further evaluation under CERCLA is warranted in an RI for AOI 1 903 
(see Table 8-1). Based on the CSM developed and revised in light of the SI findings, there is 904 
potential for exposure to receptors from AOI 1 from sources on the facility resulting from historical 905 
DoD activities. Sample analytical concentrations collected during the SI were compared against 906 
the project SLs in soil and groundwater, as described in Table 6-1. A summary of the results of 907 
the SI data relative to the SLs is as follows:  908 

• At AOI 1:  909 

• The detected concentrations of PFOA, PFOS, PFHxS, PFNA, and PFBS in soil at 910 
AOI 1 were below their respective SLs.  911 

• PFOS in groundwater exceeded its SL of 4 ng/L with a maximum concentration of 912 
58.8 ng/L at location AOI01-02. Based on the results of the SI, further evaluation of 913 
AOI 1 is warranted in the RI. 914 

Of the six PFAS compounds presented in the 6 July 2022 OSD memorandum, HFPO-DA 915 
(commonly referred to as GenX) was not included as an analyte at the time of this SI. Based on the 916 
CSM developed during the PA and revised based on SI findings, the presence of HFPO-DA is not 917 
anticipated at the facility because HFPO-DA is generally not a component of MIL-SPEC AFFF and 918 
based on its history including distribution limitations that restricted use of GenX, it is generally not a 919 
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component of other products the military used. In addition, it is unlikely that GenX would be an 920 
individual chemical of concern in the absence of other PFAS. 921 

Table 8-1 summarizes the SI results for soil and groundwater used to determine if an AOI should 922 
be considered for further investigation under CERCLA and undergo an RI.  923 

Table 8-1: Summary of Site Inspection Findings and Recommendations 924 

AOI Potential  
Release Area 

Soil – 
Source 

Area 

Groundwater –  
Source Area 

Groundwater –  
Facility Boundary 

Future 
Action 

1 

Concrete 
Ramp/Apron 

FTA & Hangar 
Building 682S 

   
Proceed 

to RI  

 925 
Legend: 926 

 = detected; exceedance of the screening levels 927 
 = detected; no exceedance of the screening levels 928 
 = not detected 929 

 930 
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