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EXECUTIVE SUMMARY 

ES.1 INTRODUCTION 

The Remedial Investigation and Feasibility Study (RI/FS), for the former Brooksville Turret Gunnery 
Range (BTGR) were performed in accordance with the DERP Statute (10 USC 2701 et seq.), the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 42 USC 22 § 9601 
et seq., and the National Oil and Hazardous Substances Pollution Contingency Plan (NCP). The RI/FS 
Report is a single volume consisting of two reports: the RI Report and the FS Report. The RI Report 
presents a comprehensive explanation of how the investigation was conducted, the results, and the findings. 
The FS Report identifies, and evaluates methods for addressing what was found. This portion of the volume 
contains the RI Report. 

The RI was performed on the former BTGR munitions response site (MRS), consisting of approximately 
8,289 acres according to the Formerly Used Defense Sites Management Information System (FUDSMIS). 
The former BTGR MRS is located in Hernando County, Florida, approximately 42 miles north of Tampa, 
Florida (Figure E-1, Appendix E). The BTGR was established in late 1943. Shortly after the establishment 
of the BTGR as a training facility for bomber turret gunners associated with the Brooksville Army Air 
Field, changes were made to accommodate infantry training activities as well. By November 1946, all 
leases to the property associated with the BTGR were terminated and the U.S. Government divested itself 
of all ties to the property. Currently, the majority of the site is privately owned and accessible to the public. 

ES.2 REMEDIAL INVESTIGATION 

Geophysical and Intrusive Investigation: Geophysical and intrusive operations were conducted with 100% 
coverage of the entire MRS area. UXO Estimator software tool was used to determine the amount of 
acreage needed for a 90% confidence level that the MEC density is <0.1 items /acre. Teams investigated 
91.03 acres and dug 11,613 metallic objects to identify if they were munitions related. No munitions were 
found anywhere, and only 8 pieces of munitions debris were recovered. 

Munitions Constituents Sampling and Results: Eight surface water samples with one duplicate sample and 
eight sediment samples with one duplicate sample were collected at the pond within the 2.36-inch Rocket 
Range 1 PAOI during the RI and analyzed for explosives and metals. The sampling results were analyzed, 
and the soil, water and groundwater have not been impacted by the materials associated with munitions. 

Delineation of the MRS: Based on the results of the fieldwork, the site has been divided into two Munitions 
Response Sites: 2.35-inch Rocket Ranges and Remaining Lands. The Rocket Ranges Munitions Response 
Site is 279.33 acres and includes residential and commercial/industrial areas. The Remaining Lands 
Munitions Response Site is the remaining 8009.67 acres and includes residential and commercial/industrial 
areas. 

ES.3 CONCLUSION 

Data collected during the previous investigations and the RI are sufficient to characterize the site. The data 
were used to support a risk assessment approach as agreed to by the project team. Results of the RI indicate 
the potential, albeit quite low, for munitions to still be present within the 2.36-inch Rocket Ranges 
Munitions Response Site. There are no hazards within the Remaining Lands Munitions Response Site. 
There is no evidence of any impact to the soil and water anywhere within the boundaries of the site. 
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CHAPTER 1. INTRODUCTION 

1.1 GENERAL INFORMATION 

1.2 PURPOSE 

The primary objective and purpose of the RI/FS is to determine the nature and extent of UXO, DMM, and 
munitions constituents (MC) contamination, if any, to assess related risks, and to identify and screen 
potential remedial technologies and alternatives. The overall goal of this process is to obtain stakeholder 
acceptance of a Decision Document for each MRS. 

In accordance with new policy and guidance, USAESCH retained the services of USA to perform the 
RI/FS for the former BTGR consistent with the RI/FS process requirements. Previously and under 
separate contracts, an EE/CA had been completed for the former BTGR and an EE/CA report and Action 
Memorandum were prepared. This RI/FS report has been prepared in accordance with CERCLA and the 
NCP. 

1.3 PROPERTY DESCRIPTION AND PROBLEM IDENTIFICATION 

1.3.1 Site Location 

The former BTGR property, consisting of approximately 10,194 acres according to geographic 
information systems (GIS), is located in Hernando County Florida, approximately 42 miles north of 
Tampa, Florida (Figure E-1, Appendix E). FUDSMIS indicates the MRS is 8,289 acres. The acreage is 
interpreted as the area encompassed by the historical Turret Gunnery Range fan. The site is approximately 
3.5 miles west of Brooksville, Florida and about 17 miles east of the Gulf of Mexico. The site is 
contained within the area enclosed by County Road 476 (Centralia Road) to the north, State Highway 50 
(Cortez Blvd.) to the south, County Roads 491 (Citrus Way) and 484 (Fort Dade Ave.) to the east, and 
high tension transmission lines to the west paralleling State Highway 55/Federal Highway 19 
(Commercial Way/Nicasto Road). The Suncoast Parkway crosses the site from north to south, as shown 
on Figure E-2, Appendix E. 

The former BTGR is composed of small farms and pastureland intermixed with numerous scattered 
residential areas in the north and central portions of the site and shopping centers, heavily populated 
retirement communities (Highpoint and Brookridge Subdivisions), other subdivided residential areas, 
small farms, and scattered residential homes in the south portion of the site. Numerous corporate owned 
tracts of land are present throughout the site. 

The southwestern portion of the former BTGR, which includes Areas C, D1 and D3, is the most disturbed 
and developed area of the site. Most of the land has been graded due to the development of shopping 
centers and residential districts, but gently rolling hills are still quite prominent throughout this area. The 
degree of slope in this area varies from zero to eight percent, with the majority at five percent or less. The 
vegetation in the area varies and consists of no vegetation in shopping center parking lots to manicured 
residential lawns and forested areas. 

The south eastern area is less populated and considerably less developed. The area is generally flat but 
does contain some small, gently rolling hills. The slope in this area ranges from zero to eight percent, with 
the majority sloping at five percent or less. Many depressions and sinkholes are present throughout the 
area, some of which have formed into shallow ponds. The area wetlands are shown on Figure E-3A in 
Appendix E. The vegetation is characterized by forest, scrub forest, and scrub plain, which is used 
primarily for grazing cattle. The area land cover is shown in Figure E-3B in Appendix E. 

The northern area is more developed than the middle areas of the former BTGR, but is still quite rural in 
character. The slope in this area ranges from zero to five percent and occasionally varies due to 
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and winter temperatures. Summer temperatures show little variation from day to day, often reaching 90 F 
or above during the warmest months, but seldom reaching 100 F or higher. Winter temperatures display 

depressions and sinkholes. The majority of the residences are situated in the northwestern area, where the 
land tends to be hillier. Forests, scrub forest, and improved pastureland cover plains and gently undulating 
sandy hills. 

1.3.2 Climate 

The climate in Hernando County is characterized by long, warm, and relatively humid summers and mild, 
dry winters. The Gulf of Mexico and the numerous inland lakes have a moderating effect on both summer 

significant variation due to the periodic influences of cold, dry air masses that originate in the north. The 
mean annual temperature is approximately 72 degrees Fahrenheit (°F). The mean temperature in the 
winter is 61°F. July is the warmest month with an average high temperature of 91°F. Precipitation 
averages 53 inches per year with approximately 55 percent of the rainfall occurring June through 
September (www.city-data.com). 

Rainfall is generally heaviest during the summer months. Most summer rainfall usually occurs in the form 
of afternoon or early evening thundershowers. Some of these showers can be heavy at times, occasionally 
producing two to three inches in an hour or two. Daylong rains during the summer are typically rare. 
Extended rainfall of this type is usually associated with tropical storms that may affect the area from early 
June through mid-November. 

1.3.3 Geology 

Most of Hernando County is underlain by the Oligocene age (24 to 37 mya) Suwannee Limestone (hard 
limestone). Only a narrow strip bordering the Withlacoochee River in the extreme northwestern corner of 
the county is an exception to this statement. The limestone consists of tan, white or cream colored marine 
fossiliferous limestone, frequently dolomitic. Fossils in the formation include mollusks, foraminifers, 
corals, and echinoids (FGS, 1964, 1989). The limestone formation is covered in the southeastern part of 
the county by sand and clay of the Hawthorn Group and in the eastern areas by sand generally referred to 
as the Alachua Formation. Several large quarries near Brooksville show good exposures of the Suwannee 
Limestone. Quarrying operations just to the southwest of Brooksville discovered lumps of hard, pure 
limestone embedded in softer, clayey limestone. Underneath the Suwannee Limestone Formation lies the 
Ocala Limestone Formation, followed by the Avon Park Formation. Rock in the Ocala Limestone 
Formation (also referred to as Ocala Group) was further differentiated into three separate formations, 
which include the Inglis, Williston, and Crystal River Formations, with the Inglis Formation being the 
oldest member of the group. The Inglis Formation unconformably overlies the Avon Park Limestone. The 
Avon Park Limestone Formation is described as a dense tan to dark brown, porous dolomite, frequently 
interbedded with tan, gray, or cream-colored limestone and dolomitic limestone. The sequence of these 
carbonate rocks is of particular hydrological significance to the site area. Specifically at the former 
BTGR, the area is covered by an average of 40 to 50 feet of sand before reaching the Suwannee 
Limestone Formation (soft limestone). This limestone formation constitutes the bedrock for the area with 
the Ocala Limestone Formation lying directly underneath it (FGS, 1989). 

The Brooksville Ridge is one of four physiographic landforms present in Hernando County. The 
Brooksville Ridge begins at the western edge of the former BTGR and extends to the eastern edge of the 
county, encompassing the entire site. The former BTGR is characterized by rolling, sandy ridges 
dominated by deep, sandy soil with numerous depressions and sink holes. Elevations in the area range 
from approximately 50 to 100 feet above mean sea level (USACE, 1995). 

The Candler fine sand soil is the predominant type of soil found on the former BTGR. The Candler soil 
occurs in varying degrees of slope measuring zero to five percent in most portions of the areas, to five to 
eight percent in other areas within the site. The slope affects the depth of the soil layers in the study area. 
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Candler fine sand with zero to five percent slope is nearly level to gently sloping soil that is excessively 
drained and found in uplands. Typical of this soil is a surface layer of dark grayish-brown fine sand about 
4 inches thick. The subsurface layer is fine sand that extends to a depth of about 48 inches. The upper 5 
inches of this layer is brown, followed by approximately 11 inches of light yellowish-brown, and a 
succeeding 28 inches of brownish-yellow. Below a depth of 48 inches is a very pale brown fine sand, 
containing lamellae of brown loamy fine sand about 1/16 to 1/8 inch thick and 1 to 4 inches long. 
Availability of water capacity is very low in the upper 48 inches, and permeability is very rapid. Beyond 
the 48 inch depth, available water capacity is low, and permeability is rapid. The water table is below a 
depth of 80 inches, and the natural fertility of this soil is low. 

Candler fine sand with a five to eight percent slope is found on side slopes in uplands in Sandhill areas. 
The slopes are usually smooth to concave. Typically, the surface layer is dark-brown fine sand about six 
inches thick, followed by a subsurface layer that extends to a depth of more than 80 inches. The upper 21 
inches is yellowish-brown with the next 33 inches being brownish-yellow. After this layer are 12 inches 
of sand that is very pale brown, followed by the lower part that is pale brown fine sand, containing 
lamellae of strong brown loamy fine sand about 1/16 to 1/8-inch wide and 1 to 4 inches long. This lower 
layer ranges from depths of 72 to 80 inches or more. Similar to Candler fine sand of zero to five percent 
slope, this soil also has a very low available water capacity but reaches down to 72 inches instead of 48 
inches. Permeability is very rapid down to the same depth. Below the 72-inch mark, available water 
capacity is low, and permeability is rapid. The water table is normally below a depth of 80 inches, and the 
natural fertility of the soil is low. 

1.3.4 Hydrology 

The former BTGR lies completely within the confines of the Brooksville Ridge, the major landform of 
Hernando County. One of the features of this landform is that there is no well defined surface drainage 
system present. Most of the property is drained through numerous sinkholes, closed depressions, ponds, 
lakes, and grassy prairies. The Weekiwachee River in the western part of the county and the 
Withlacoochee and Little Withlacoochee Rivers in the eastern part are the only permanent, major surface 
drainage conduits in the county. The Weekiwachee River is the closer of the three to the former BTGR, 
but none of these rivers directly affects the site. Since the soil on the site is mostly composed of sand, 
precipitation drains through the successive layers of surface and subsurface sand and into the caverns and 
aquifers that lie beneath. Because of the excessively drained character of this soil, the groundwater table 
does not influence them. 

1.3.5 Hydrogeology 

The terrain of the site is characterized by numerous sinkholes that are the result of dissolution or erosion 
of the underlying limestone and dolomite. These sinkholes provide a direct path for water to flow from 
the land surface to freshwater aquifers lying below. Hawthorn Group sediments, composed mainly of 
clay, separate the surficial aquifer from more productive water bearing rocks below. The Floridan Aquifer 
is the primary source of all underground water in central Florida. The shallow aquifers that overlie the 
Floridan, including surficial sand and the upper regions of the Hawthorn Group, constitute a secondary 
source of that water. The water supply for communities and individual homes within the county comes 
mostly from wells shown in Figure E-10 in Appendix E. These wells are drilled through the underlying 
limestone to the aquifer and vary from 80 to 100 feet in depth. 

The Floridan aquifer system is made up of rocks from the Avon Park Limestone, the Ocala Group, 
Suwannee Limestone, and a few discontinuous, thin water bearing units in the Hawthorn Group. The 
thickness of the Floridan aquifer system is between 2,400 and 2,600 feet in northeastern Hernando 
County with the system thickening in southwestern parts of the county. Due to the impermeable nature of 
the Hawthorn Group rocks and sediment, the Floridan aquifer system is under semi-confined to confined 
hydraulic conditions. Recharge to the Floridan aquifer occurs primarily as downward leakage through the 
confining layers of the Hawthorn Group. Water leaves the Floridan aquifer system through natural 
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movement down gradient (westward) and subsequent discharge via upward movement through springs, 
lakes and wells (USGS, 1990). 

1.3.6 Demographics 

The former BTGR is located within a variety of properties ranging from scattered residential homes and 
farms to large subdivisions, subdivided tracts owned by private and corporate owners, and numerous 
commercial businesses. The former range also includes Whitehurst Pond, which is used extensively as a 
recreation area. 

Hernando County, which encompasses 589 square miles, has a population of 172,778 according to the 
2010 U.S. Census Bureau Survey. There are two cities and one unincorporated area in Hernando County 
– Brooksville, Weeki Wachee, and Spring Hill, respectively. Hernando County’s population is 
approximately 48 percent male and 52 percent female. More than 80 percent of the population is 18 years 
and older and 26 percent is 65 years old and older. Hernando County is approximately 90 percent White, 
five percent Black or African-American and one percent Asian. More than 85 percent of Hernando 
County residents are high school graduates or higher and 16 percent have a bachelor’s degree or higher. 
Approximately 11 percent of the population speaks a language other than English at home. The median 
household income for Hernando County residents was $42,011. The per capita income was $22,775. 
Approximately 8 percent of families and 12 percent of individuals live below the poverty line. 

1.3.7 Current and Future Land Use 

The Hernando County Comprehensive Plan (as amended, October 26, 2010) was reviewed and projected 
the continued development of the area with a mix of commercial, professional, public facilities, and 
residential development. The Future Land Use Plan and Zoning Map also predict current development 
patterns to continue with infill of undeveloped land. The current and future land use of the site is shown 
in Figure E-3C in Appendix E. 

Since completion of the Suncoast Parkway in 2000, significant growth in the area has occurred mostly 
along the major roads. Most of the development is occurring on the east and south portion of the study 
area 

1.4 HISTORICAL INFORMATION 

The BTGR was established in late 1943 following the acquisition of lease agreements via condemnation 
for the 10,969 acres of land by the War Department. Prior to acquisition, the land was primarily privately 
owned and used for cattle grazing (USACE, 1995). No residential dwellings were located within the 
range property. 

The BTGR was initially established to support turret gunnery training for bomber pilots stationed at Drew 
Field as part of the 3rd Army Air Force Fighter Command School. No permanent buildings were erected 
and minimal construction was performed on the one range established for training. This range was 
designated as the Moving Target Range and located in the southeastern portion of the BTGR property 
(Figure E-2, Appendix E). An unmanned Jeep was used to carry targets around an elliptical track as 
gunners in turrets mounted on mobile trucks fired .50-caliber (cal) machine guns. An earthen berm in 
front of the track protected the Jeep from damage. Portions of the berm and Jeep track (shown in Figure 
E.2) were visible during site visits conducted in February and November 1997. 

A second .50-cal machine gun range, designated as the Static Target Range, was added sometime shortly 
after the facility became operational (Figure E-2, Appendix E). According to the ASR, the location of this 
range was approximately 0.5 mile north of the Moving Target Range (USACE, 1995). Based on the 
configuration, static targets were fired upon from static locations. This range is identified in this report as 
the Fixed Machine Gun Range. 
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A third .50-cal machine gun range was later added near the western edge of the BTGR property. 
Interviews with local residents indicated that wall-mounted machine guns were fired northward at static 
targets (USACE, 1995). This .50-cal machine gun range is suspected to have existed in the vicinity of the 
2.36-inch Rocket Range 1 shown on Figure E.2. 

In early 1944, training activities were expanded at the BTGR to accommodate Army infantry training. 
Additional training capabilities included jungle warfare training and firing practice with rifles, rifle 
grenades, machine guns, bazookas, mortars, and anti-tank (AT) guns (USACE, 1995). Range and 
perimeter towers were added to increase the efficiency and security of the facility operation. A fourth 
range was added in the western portion of the BTGR property and designated as a 2.36-inch rocket range 
(2.36-inch Rocket Range 2, Figure E-2, Appendix E). Bazookas were fired southward on this range 
toward State Highway 50. As a result of increased demand for firing practice, two of the existing .50-cal 
machine gun firing ranges subsequently began doubling as 2.36-inch rocket bazooka ranges. In addition, 
the .50-cal Moving Target Range (also referred to as the Jeep Track Range in historical document and as 
the Machine Gun Range in this report on Figure E.2) was also reportedly used as an 81mm mortar firing 
point; however, no evidence of 81mm deployment has been identified. Figure E-2 in Appendix E shows 
the .50-cal Moving Target Range coinciding with the 81mm firing point, but only the historical range fan 
for the .50-cal Moving Target Range is shown. The maximum distance .50 caliber bullets could travel is 
7,400 yards and the maximum distance 81 mm mortars could travel is 3,300 yards. 

Due to a need to change the training format, a request was made to the War Department to allow ground-
to-air firing on the ranges in July 1944. In October 1944, permission was granted and the airspace over 
the range area was declared a danger zone for aircraft. The site was never used as an air-to-ground range. 

Shortly after World War II, Brooksville AAF was declared surplus and the BTGR was no longer needed 
for turret gunnery training. The facility was transferred to the control of MacDill Field, outside of Tampa, 
Florida, because troops from the airfield were actively utilizing the ranges at the time. Within a year, the 
facility was turned over to the War Assets Administration for disposition. By November 1946 all leases to 
the property associated with the BTGR were terminated and the government divested itself of all ties to 
the property. 

1.5 PREVIOUS INVESTIGATIONS 

Existing historical records were reviewed in support of the ASR and a site visit to acquire supplemental 
data. 

1.5.1 Previous Investigations 

1.5.1.1 1985 Inventory Project Report (INPR) 

In 1985, the U.S. Army Corps of Engineers Jacksonville District (CESAJ) conducted an INPR of the 
former BTGR. The report concluded that the area was a FUDS but no evidence of OE; hazardous, toxic, 
and radioactive waste (HTRW); or building demolition/debris removal concerns were present. A 
recommendation of no further action (NOFA) was made, although a statement was included that “the 
discovery of unknown, isolated, buried ordnance missed by clearance teams” is always possible (USACE, 
1995, Exhibit E4). 

1.5.1.2 1993 Preliminary Assessment 

In 1993, CESAJ conducted a Preliminary Assessment Study of the site. This study determined that the 
former BTGR was eligible for further investigation under the DERP for FUDS program as a result of use 
by the War Department/DoD as a turret gunnery range for U.S. AAFs and as an infantry training area. 
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This study recommended an investigation for ordnance and explosives (OE) (changed to MEC in later 
documents) contamination of the entire former BTGR. 

1.5.1.3 1995 OE Archives Search Report (ASR) 

In 1995, the U.S. Army Corps of Engineers, Rock Island District (CEMVR) conducted a site inspection 
and archives search of the former BTGR (USACE, 1995). The final report, dated August 1995, outlined 
the nature and degree of potential OE/UXO contamination at the site. This report listed the probable 
ordnance used at each former range as well as estimated depth at which ordnance may be present (by 
area) and probable end usage for the land (USACE, 1995).The qualitative results of the visual inspections 
are included in the following subsections. 

1.5.1.4 ASR Sector Delineation 

The ASR initially subdivided the former BTGR into four Areas of Interest (AOIs), identified in the ASR 
as Area A through Area D. Figure E-2, Appendix E presents the approximate firing fan location as 
historically documented across the former BTGR. The ASR evaluated each AOI to determine whether the 
presence of OE/UXO was “confirmed” or “potential,” or the AOI was considered “uncontaminated.” 
Confirmed ordnance contamination was based on verifiable evidence, direct witness of ordnance items, or 
reliable indirect witness accounts. Potential ordnance contamination was based on inferred presence of 
OE/UXO from records or indirect witness accounts when the presence of ordnance was not confirmed. 
The AOI was designated as uncontaminated if there was no reasonable evidence, either direct or inferred, 
to suggest the presence of residual ordnance contamination. 

Area A was described in the ASR as an approximately 4560.8-acre tract, or the southern one-third of the 
former BTGR property and is where most of the training activity took place. In the ASR, the northern 
extent of Area A is defined by Taylor Street. Two of the four firing ranges are entirely within Area A, 
including range fans. The firing points and portions of the range fans for the remaining two ranges are 
also within Area A as delineated in the ASR. Therefore, all types of ordnance used at the former BTGR 
could be present within Area A. Numerous discoveries of both HE and practice ordnance have been 
documented. The two primary residential areas currently located within the former BTGR property, the 
Highpoint Subdivision and the Brookridge Subdivision, are all and mostly within Area A, respectively. 
The land within Area A has been subdivided into tracts owned by hundreds of private and corporate 
owners. Most of the tracts along State Highway 50 have been developed for commercial use. Area A is 
readily accessible to the general public, with the exception of the property within the two subdivisions 
that have controlled access. 

Primarily as a result of historic OE findings of practice and high explosive (HE) 2.36-inch rockets and 
81mm mortar rounds, Area A received a Risk Assessment Code (RAC) score of 2 (on a scale of 1 to 5 
with 1 being the highest) as part of the ASR evaluation. The ASR documented numerous records of EOD 
response actions to calls from the Hernando County Sheriff’s Department for the removal of both practice 
and HE 2.36-inch bazooka rounds from the area. Interviews and evidence of the former range structures 
(observation towers, gun firing mounts) were also documented as further confirmation of former area use. 
The ASR concluded that OE potential within Area A was “confirmed” and recommended an engineering 
evaluation cost analysis (EE/CA) investigation (USACE, 1995). 

Area B was described in the ASR as an approximately 2398.6-acre rectangular tract in the central portion 
of the former BTGR. This portion of the site includes part of the range fans from both the Static Target 
Range and the Moving Target Range. Therefore, all types of ordnance used at the BTGR could be present 
within Area B. The northern boundary of Area B as delineated in the ASR is along both Bourassa Avenue 
and Scrub Oak Lane and the southern boundary is along both Ken Austin Parkway and Star Road. Some 
discoveries of both HE and practice ordnance have been documented. The land is characterized by pine 
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and scrub forest with varying density throughout. Several ponds, including Whitehurst Pond, are located 
within Area B as designated in the ASR. Some scattered residences are present and a complex of schools 
is located near the intersection of Sunshine Grove Road and Ken Austin Parkway. The land within Area B 
has been subdivided into tracts owned by numerous private and corporate owners. Area B is readily 
accessible to the general public, with the exception of the presence of some barbed wire fences. 

Ordnance contamination in Area B was designated as “confirmed” in the ASR and received a RAC score 
of 2 primarily as a result of the recovery of numerous practice and HE items during a 1949 ordnance 
clearance sweep of the area. The ASR also noted that due to the configuration of the training facility, the 
orientation of the known ranges, and that ordnance was previously found on the ground in this area, the 
land must be considered to be contaminated (USACE, 1995). 

The ASR designated Area C as an approximately 35.7-acre small square tract in the eastern portion of the 
former BTGR. According to the ASR, this area was used as a military dump site and scrap pile (USACE, 
1995). Therefore, all types of ordnance used at the BTGR could be present within Area C. Area C abuts 
the east central portion of Area A and is within 0.25 mile of the firing points for both the Static Target 
Range and the Moving Target Range. The disposal area is to the east of Hysell Road (USACE, 1995). No 
confirmed discoveries of either HE or practice ordnance have been documented. No residences are 
present. The land within Area C is owned by several private owners. Area C is readily accessible to the 
general public. 

Area C was designated as “potentially contaminated” in the ASR and received a RAC score of 2 primarily 
as a result of the site being used as a military scrap pile and the historical practice of burying or discarding 
unwanted ammunition (USACE, 1995). Potential ordnance contamination is inferred from records or 
indirect witness. Inference from historical records includes common practice in production, storage, 
usage, or disposal, which could have resulted in ordnance contamination. 

In the ASR, Area D is composed of three separate parcels totaling approximately 3204.9 acres. The 
largest portion of Area D includes all the former BTGR property north of Bourassa Avenue and Scrub 
Oak Lane (northern boundary of Area B). In addition, Area D includes a long rectangular parcel between 
Area A and Area B that extends across the entire east/west width of the former range property. The third 
and smallest portion of Area D includes a small tract of land abutting the eastern portion of Area A and 
the northern extent of Area C. Similarly to Area B, portions of the range fans from both the Static Target 
Range and the Moving Target Range traverse Area D and, therefore, all types of ordnance used at the 
BTGR could be present. However, no confirmed reports of discoveries of either HE or practice ordnance 
have been documented. The land is characterized by pastureland, scrub plain, and scrub forest. Some 
scattered residences are present in the two larger portions. The land within Area D has been subdivided 
into tracts owned by numerous private and corporate owners. Area D is readily accessible to the general 
public, with the exception of the presence of some barbed wire fences. 

Area D was designated as “potentially contaminated” in the ASR and received a RAC score of 2 based on 
inferred evidence from local residents, the configuration of the range, area, the maximum range of the 
weapons used there, and the amount of OE that has been found at the site as a whole. Inference from 
historical records includes common practice in production, storage, usage, or disposal, which could have 
resulted in ordnance contamination. 

In summary, the ASR concluded that the presence of ordnance was “confirmed” in Areas A and Area B 
based on verifiable historical evidence and direct witness of ordnance items; and “potential” in Area C 
and Area D based on inference from records and indirect witness accounts. The ASR stated that “due to 
the range area layout, the orientation of the individual, known ranges on the facility, and the inordinate 
amount of OE that has been found on this reservation, there is no area on the site that can be considered to 
be “uncontaminated.” No historical recorded evidence was located to suggest the presence of chemical 
warfare material (CWM) or radiological waste at the site (USACE, 1995). The ASR also stated that: 
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Evidence suggests that more, previously undiscovered ranges and other buried OE contamination 
may exist; 
The possibility of HTRW contamination exists in Area A and Area C; 
There is a possibility of HTRW contamination in the backstops and beaten zones of the ranges 
due to large quantities of .50 cal projectiles; 
“The potential for finding OE in a live, explosive state is quite high in all areas of the former 
installation and there seems to be no rhyme, reason or pattern to where the rounds are found”; and 
There is a great possibility of finding ordnance items below the ground surface at the Military 
Dump Site in Area C based on the quantity of ordnance items recovered from a similar dumpsite 
nearby. 

As part of the ASR, an OE risk assessment was conducted for specific areas of former BTGR using 
procedures developed by USACE in accordance with MIL-STD-882C and AR 385-10. The output is a 
RAC score used to prioritize the remedial action at FUDS. The OE risk assessment was based on best 
available information resulting from records searches, reports of Explosive Ordnance Disposal (EOD) 
detachment actions, and field observations, interviews, and measurements. This information was used to 
assess risk based on the potential OE hazards identified at the site. The risk assessment was composed of 
two factors: hazard severity and hazard probability. 

Areas A and Area B each received a RAC score of 2 and were recommended for an EE/CA. The presence 
of ordnance in these areas has been confirmed by OE findings. A RAC score of 2 is defined as “High 
priority on completion of INPR - recommend further action,” For both Area A and Area B the Hazard 
Probability Level was evaluated as “frequent” and the Hazard Severity Level was evaluated as 
“marginal.” 

An EE/CA was also recommended for Area C and Area D although OE has not been confirmed in this 
area. Area C and Area D each received a RAC score of 2. For both Area C and Area D the Hazard 
Probability Level was evaluated as “frequent” and the Hazard Severity Level was evaluated as 
“marginal.” The ASR concluded that the likelihood of OE being found in this area is high. 

Table 1.1 provides a summary of ordnance used at the former BTGR based on the ASR. 
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Table 1.1 Summary of Ordnance 

1.5.1.5 1997 Site Visit and Record Search/Review 

During the periods of February 26-27 and November 20-21, 1997, Parsons conducted site visits at the 
former BTGR. The purpose of the site visits was to: 

Visually inspect, photograph, and videotape existing development at the former BTGR; 
Discuss the EE/CA for developing the CEHNC SOW; 
Discuss site logistics, environmental concerns, endangered species, and wetlands issues with the 
CEHNC and site owners; 
Gather recorded documentation of planned development for the areas of concern; 
Establish contacts with local agencies and collect applicable information; and 

Locate the local hospital and fire department and other emergency contacts. 

1.5.1.6 1999 Engineering Evaluation and Cost Analysis 

Based on the findings of the ASR, portions of the property within the former BTGR boundary were 
recommended for an OE investigation (USACE, 1995), and an EE/CA was subsequently conducted at the 
site. The EE/CA began in 1999. The EE/CA focused on characterizing OE contamination, analyzing risk 
management alternatives, and recommending feasible OE exposure reduction alternatives for eight areas 
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WEAPON 

.30 cal. Rifle 

.3 0 cal. MG 

.50 cal. MG, 
Turrec Type 

37mm AT Gun 

37mm AAA Gun 

2.36 - inch AT 
Rocket 
Launcher 

81mm mort:ar 

MODEL 

Ml. Garand 
Ml.919A4 

M2 Heavy 
Barrel 

M3-series 

M1 - series 

Ml. 

Ml. 

APC 
HEAT 
MQ 

Armor Piercing, Capped 
High Explosive Anci-Tank 
Machine Gun 

AMMUNITION 

. 30 cal . M2 Ball 

.30 cal. Ml. Tracer 

. 30 cal. M2 AP 

. 30 cal. Rifle 
Grenade Ctg. M3 

Practice Rifle 
Grenade Ml.l. (Inerc) 

HE Rifle Grenade M9 

.50 cal. M2 Ball 

.so cal. Ml. Tracer 

.50 cal. Ml.0 Tracer 

.50 cal. Ml7 Tracer 

.SO cal. M21 Tracer 

.50 cal. M2 AP 

RANGE 

3,500 yards 

None 

400 yards 

400 yards 

7,400 yards 

37mm Shot AFC MSl. 12 ,850 yards 
37mm Shell HE M63 
37mm Cannister M2 

37mm Shell Practice 8,900 yards 
M55A1 maximum 

37mm Shot APC M59 
37mm Shell HE M54 

2 .36-inch Practice 700 yards 
M?-series 

2.36-inch HEAT 
M6 - series 

2.36 - inch Practice 
T23 

2.36 - inch HEAT 
Tl.2 

81mm Practice 
M43A1 

81.mm HE M43-series 
81mm Practice M44 
81mm HE M45 
81mm HE M56 
81mm Training M68 

3,300 yards 
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of interest (AOI). The findings were presented in a Draft Final OE EE/CA Report (Parsons, 2001). Only a 
Draft Final of this report was prepared. 

For OE risk evaluation purposes, the original AOIs were divided into eight AOIs (Area A through C, 
Areas D1, D2, and D3, Area E, and Area F, Figure E-1, Appendix E) (Parsons, 2001). The new 
designations were based on information gathered during the EE/CA field investigation including ordnance 
location, land use, and activities occurring at the site. Data collected during the EE/CA investigation were 
used to estimate the locations and density of ordnance in different areas. This information was then 
compared with the current and future land use activities. 

An archaeological survey conducted in support of the EE/CA resulted in the identification of three new 
archaeological sites. One site (8HE418) was recommended as potentially eligible to the National Register 
of Historic Places (NRHP). Site 8HE427 and the isolated find (Brks IF-1) were recommended not eligible 
for the NRHP. Thirteen previously recorded sites in the project area were determined not eligible. One 
site (8HE252) was considered potentially eligible, and one site (8HE324) was unevaluated, i.e., the State 
Historic Preservation Office (SHPO) needed additional survey data to assess the National Register 
significance of the site. Potentially eligible sites and unevaluated sites should be afforded the same level 
of protection as listed and eligible sites until the SHPO has been provided an opportunity to comment. 
Additional intrusive investigations (for whatever reason) or ground disturbance of any kind should be 
avoided in proximity to sites listed, eligible, or potentially eligible for the National Register. Consultation 
with the Florida SHPO should be established prior to any undertaking that may adversely affect these 
significant resources. 

No MEC or MD was present in Areas A, B, C, and E. Each of the remaining Areas contained MD items 
with positively identified MEC items (specifically Rockets, 2.36 inch, HE present in Area D1 and D3. All 
of the MEC and MD items recovered were consistent with those documented in historical records of the 
former BTGR with the exception of the 3.5-inch rockets which were not documented historically. No MC 
sampling was conducted during the EE/CA. 

Data collected from the EE/CA was also used to develop OE response alternatives designed to reduce the 
exposure to OE and unexploded ordnance (UXO) within AOIs. OE response action alternatives were 
evaluated for each of the eight AOIs within the former BTGR. For each of the eight AOIs, potential 
alternatives were initially screened against the general evaluation criteria of effectiveness, 
implementability, and cost. The screening of alternatives was used to identify candidate OE response 
alternatives for further qualitative evaluation. Results of this alternative comparison indicated there were 
selected AOIs of the former BTGR that would require removal of UXO to ensure public safety. The 
results also indicated that implementation of site-wide institutional controls (IC) would be necessary to 
modify behavior. Several AOIs within the former BTGR were considered safe in their current state and 
therefore did not require any OE response actions. 

As a result of the comprehensive evaluation of alternatives by AOI, four AOIs were designated for “No 
DoD Action Indicated”: Areas A, B, D2, and F. Institutional controls were selected, in addition to those 
proposed on a site-wide basis, for Areas C and E. Removal actions were recommended for Areas D1 and 
D3. An additional “footprint reduction” investigation was recommended for Areas D1 and D3 to 
maximize the cost-effectiveness of the recommended OE/UXO removal actions. 

After the Draft Final OE EE/CA Report was issued, new risk evaluation guidance was released and new 
interpretations were made of historical data. To incorporate the new guidance and data interpretations for 
two specific AOIs (2.36-Inch Rocket Ranges on the western portion of the former BTGR in Area D1 and 
Area D3), Parsons was asked to prepare a revised EECA. A report was issued to present the findings and 
recommendations of the revised EE/CA investigation at the two AOIs (Parsons, 2004). 
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1.6 PREVIOUS REMOVAL ACTIONS 

Numerous ordnance items have been discovered by individual property owners since facility closure. As a 
result of residential development, large areas within the former BTGR (primarily the southern portion) 
have been subjected to limited UXO clearance activities and several small parcels have been subjected to 
extensive UXO clearance activities. Figures E-4A and E-4B in Appendix E show the results of previous 
investigations at the former BTGR. 

Since the BTGR closure, many ordnance sweeps and clearance operations have been conducted in the 
ASR delineated Areas A and B. These actions have recovered numerous practice and HE ordnance items, 
including 2.36-inch bazooka rockets, 81mm mortars, rifle grenades, and miscellaneous ordnance 
components. 

In support of the construction of the Suncoast Parkway, Parsons performed UXO clearance of a six mile 
section of the Parkway through the former BTGR for a general contractor retained by the Florida 
Department of Transportation (Parsons, 1999). A total of 6,840 geophysical anomalies were intrusively 
investigated of which the following ordnance related items were found: eighty-eight (88) .50 caliber 
bullets, thirty-one (31) 40-mm projectiles, and forty-six (46) 3.25-inch practice rockets (Parsons, 1999). 
All of the ordnance related items were removed from the subsurface by the UXO specialists. There were 
no UXO items found at the site during this investigation (Parsons, 1999). 

In 2006, the USACE conducted non time critical removal action (NTCRA), Phase I at the 2.36 Inch 
Rocket Range 1 in Area D1and 2.36 Inch Rocket Range 2 in Area D3 (ECC, 2006). Several Munitions 
and Explosives of Concern (MEC) (Rockets, 2.36 Inch HE and practice) and MD were recovered in both 
ranges. MC sampling for soil was performed in areas where MEC/MD items were found during the 
removal action and no MC was found at concentrations exceeding the screening levels. 

From 2007 to 2010, the USACE conducted NTCRA Phase II at the 2.36 Inch Rocket Range 1 and 2.36 
Inch Rocket Range 2 (Parsons, 2008, 2010a, and 2010b). MEC recovered included rockets, 2.36-inch, HE 
and mortar 60mm, HE. Numerous munitions debris including rockets, 2.36-inch, practice have also been 
recovered. 

1.7 CURRENT EFFORT 

For this RI/FS effort, seven potential areas of interest (PAOI) have been identified in the PWS and 
include: 

Rocket and Scrap Dump 

Scrap Pile 

Fixed Machine Gun Range 

Machine Gun/81 mm Mortar Range 

2.36 Inch Rocket Range 1 

2.36 Inch Rocket Range 2 

Remaining Lands 

These PAOIs are depicted in Figure E-2 in Appendix E. A summary of previous investigations and 
removal action results for these PAOIs is provided on Table 1.2. 

This space is intentionally left blank. 

Contract No. W912DY-10-D-0026; Task Order No. 0005 Page 1-11 
26 March 2013 

• 
• 
• 
• 
• 
• 
• 



T bl 1 2 S a e . 
MRS 

Entire BTGR Site 

PAOI 

Rocket and Scrap 
Dump (Fish Pond) 

Scrap Pile 

Fixed Machine Gun 
Range 

Machine Gun/81 mm 
Mortar Range 

2.36-Inch Rocket 
Range 1 

2.36-Inch Rocket 
Range2 

Remaining Land 
Area 

ummaneso fP revious I 
MEC/MD Found 

Yes 

MEC/MD Found 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 
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nves 1ga on emova c on esu s t · ti /R I A ti R It 

MC Contamination Recommendation 

No RIIFS 

MC Contamination Recommendation 

No RIIFS 

No RIIFS 

No RIIFS 

No RIIFS 

No RIIFS 

No RIIFS 

No RIIFS 

1.8 SITE OPERATIONS AND WASTE CHARACTERISTICS 

1.8.1 Munitions Response Site (MRS) Specific Descriptions/Operations 

The desc1iption of the single MRS at the fo1mer BTGR (presented in the preceding subsections) was 
obtained from the histodcal documentation for the site (i.e., ASR as well as previous investigations and 
removal action) (Parsons, 2001, 2004, 2008, 2010a, 2010b and ECC 2006). 

1.8.2 Regulato1y Compliance 

The USACE is conducting the RI/FS at the fo1mer BTGR site as prut of FlJDS response activities 
pursuant to and in accordance with the guidance, regulations, and legislation discussed in subchapter 
ES.2. 

1.9 INITIAL SUMMARY OF RISK FROM UXO/DMM/MC 

UXO/DMM is a safety hazru·d and, as such, may constitute an imminent and substantial danger to the 
general public, site personnel, and the environment. Several UXO/DMM items were previously recovered 
from the site, and there is the potential for additional items to be present. Members of the public can gain 
access to the site and, consequently, there is the potential for public access to UXO. 

Potential UXO/DMM at the fo1mer BTGR are munitions, either lmown to have been used at the site or 
recovered, include rockets, 2.36-inch High Explosive Anti-Tank (HEAT) and practice, 3.25 - inch; 
projectiles 37 mm, HE; rifle grenades, HE and practice; m01tru·s 60mm and 81mm, HE and practice have 
been found, all of which date back to the WWII era. A listing of the ordnance lmown to have been used at 
the fo1mer BTGR, including ordnance recovered is presented in Table 1.3. 

Results of the previous investigations indicate a possibility that MC may also be present at the site. In 
ce1t ain concentrations and site conditions, MC may pose risks to human health or the environment. Table 
1.3 also presents a list of potential MC associated with each munitions. Procedures for evaluating MC risk 
are provided in the Risk Assessment Plan (Appendix K) in the Work Plan (USA, 2012). 
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Table 1.3 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Small Arms General: 
Cartridge, .30 
caliber (includes 
carbine) 

Cartridge case: Copper Alloy – Copper, 
Iron, Lead, Zinc 
Propellant: Calcium Carbonate, Copper, 
Dibutylphthalate, Diphenylamine, 
Dinitrotoluene(6), Ethyl Centralite, Lead, Iron, 
Nitrocellulose(5), Nitroglycerin, Potassium 
Nitrate, Sodium Sulfate, Zinc 
Primer(3): Aluminum Powder, Antimony 
Sulfide, Barium Nitrate, Copper, Iron, Lead, 
Lead Styphnate, Pentaerythritol Tetranitrate 
(PETN), Tetrazene, Zinc 

Metals 
Antimony, Copper, 
Iron, Lead 
Explosives 
A full explosives panel 
will be analyzed for 
media collected at 
these PAOI. 

ALL PAOI Iron will only be 
analyzed in surface 
water samples. 

Projectile: Antimony, Carbon, Copper, Iron, 
Lead, Manganese, Silicon, Sulfur, Zinc 
Tracer(7): Barium Peroxide, Calcium 
Resinate, Magnesium Powder, Polyvinyl 
Chloride, Strontium Nitrate, Strontium 
Oxalate, Strontium Peroxide, Zinc Stearate 

Small Arms General: 
Cartridge , .50 
caliber, Machine 
Gun 

Cartridge case: Brass – Copper, Zinc 
Propellant: Calcium Carbonate, 
Dibutylphthalate, Diphenylamine, 
Dinitrotoluene(6), Nitrocellulose(5), 
Nitroglycerin, Potassium Nitrate, Potassium 
Sulfate, Sodium Sulfate 
Primer(3): Aluminum Powder, Antimony 
Sulfide, Barium Nitrate, Calcium Silicide, 
Copper, Iron, Lead, Lead Styphnate, Lead 
Thiocyanate, Potassium Chlorate, PETN, 
Tetrazene, Zinc 

Metals 
Antimony, Chromium, 
Copper, Iron, Lead, 
Tungsten 
Explosives 
A full explosives panel 
will be analyzed for 
media collected at the 
firing lines of these 
PAOI. 
Perchlorate 

ALL PAOI Iron will only be 
analyzed in surface 
water samples. 
Perchlorate will 
only be analyzed in 
surface water and 
sediment samples. 

Yes 
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Table 1.3 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Projectile: Antimony, Carbon, Chromium, 
Copper, Iron, Lead, Manganese, 
Molybdenum, Sodium Carbonate 
Monohydrate, Silicon, Sulfur, Tungsten, Zinc 
Tracer(7): Barium Peroxide, Calcium 
Resinate, Magnesium Powder, Polyvinyl 
Chloride, Potassium Perchlorate, Strontium 
Nitrate, Strontium Oxalate, Strontium 
Peroxide, Zinc Stearate 

Canister, 37mm, 
Fixed, M2 

Cartridge case: Brass - Copper, Iron, Lead, 
Zinc 
Propellant: Dibutylphthalate, 
Dinitrotoluene(6), Diphenylamine, 
Nitrocellulose(5), Nitroglycerin, Potassium 
Chlorate, Potassium Nitrate, Sulfur 
Primer(3): Antimony Sulfide, Barium Nitrate, 

Metals 
Copper, Iron, Lead, 
Zinc 
Explosives 
As a conservative 
measure, a full 
explosives panel will 

Fixed Machine 
Gun Range 
Machine Gun & 
81 mm Mortar 
Range 
Remaining Lands 

Iron will only be 
analyzed in surface 
water samples. 

NO 

Lead Thiocyanate, Trinitrotoluene (TNT) 
Terne plate - Lead, Tin 
Projectile Filler: Steel Balls (Inert) – 
Carbon, Iron, Manganese, Phosphorus, Sulfur 

be analyzed for media 
collected at these 
PAOI. 
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Table 1.3 (Continued) 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Cartridge, 37mm, 
Armor Piercing 
Capped / Target 
Practice, M51/M51A1 

Cartridge case: Brass - Copper, Iron, Lead, 
Zinc 

Propellant: Dibutylphthalate, Dinitrotoluene(6), 
Diphenylamine, Nitrocellulose(5), Nitroglycerin, 
Potassium Chlorate, Potassium Nitrate, Sulfur 

Primer(3): Antimony Sulfide, Barium Nitrate, 
Lead Thiocyanate, TNT 

Projectile/Rotating Band: Steel/Copper Alloy 
- Carbon, Copper, Iron, Lead, Manganese, 
Phosphorus, Sulfur, Zinc 

Projectile Filler: Solid Steel (Inert) 

Metals 
Copper, Iron, Zinc 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at these PAOI. 

Fixed Machine 
Gun Range 

Machine Gun & 
81 mm Mortar 

Range 
Remaining Lands 

Iron will only 
be analyzed in 
surface water 

samples. 

NO 

Cartridge, 37mm, 
High Explosive-
Tracer, Self Destruct 
(HE-T, SD), M54 

Cartridge case: Brass - Copper, Iron, Lead, 
Zinc 
Propellant: Dibutylphthalate, Dinitrotoluene(6), 
Diphenylamine, Nitrocellulose(5) 

Primer(3): Antimony Sulfide, Lead 
Thiocyanate, Potassium Chlorate, TNT 
Projectile/Rotating Band: Steel/Copper Alloy 
- Carbon, Copper, Iron, Lead, Manganese, 
Phosphorus, Sulfur, Zinc 
Projectile Filler: Barium Peroxide, Calcium 
Resinate, Cyclotrimethylenetrinitramine 

Metals 
Aluminum, Barium, 
Copper, Iron, Lead, 
Zinc 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at these PAOI. 

Fixed Machine 
Gun Range 

Machine Gun & 
81 mm Mortar 

Range 
Remaining Lands 

Iron will only 
be analyzed in 
surface water 

samples. 

NO 

(RDX), Magnesium Powder, Potassium Nitrate, 
Sulfur, Tetryl 
Fuze, Projectile, Point Detonating, M56: 
Aluminum Alloy - Aluminum, Chromium, 
Copper, Iron, Magnesium, Manganese, 
Titanium, Zinc 
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Table 1.3 (Continued) 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Fuze Filler: Tetryl 
Fuze Primer(3): Antimony Sulfide, 
Carborundum, Lead Azide, Potassium Chlorate 
Tracer(13): Aluminum Powder, Magnesium 
Powder, Polyvinyl Chloride, Strontium Nitrate 

Cartridge, 37mm, 
Practice with Tracer, 
M55 

Cartridge case: Brass - Copper, Iron, Lead, 
Zinc 
Propellant: Dibutylphthalate, Dinitrotoluene(6), 
Diphenylamine, Nitrocellulose(6) 

Primer(3): Antimony Sulfide, Lead 
Thiocyanate, Potassium Chlorate, TNT 
Projectile/Rotating Band: Steel/Copper 
Alloy - Carbon, Copper, Iron, Lead, 

Metals 
Copper, Iron, Lead, 
Zinc 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 

Fixed Machine 
Gun Range 

Machine Gun & 
81 mm Mortar 

Range 
Remaining Lands 

Iron will only 
be analyzed in 
surface water 

samples. 

NO 

Manganese, Phosphorus, Sulfur, Zinc 
Projectile Filler: Solid 
Tracer(7): Aluminum Powder, Magnesium 
Powder, Polyvinyl Chloride, Strontium Nitrate 

collected at these PAOI. 

Cartridge, 37mm, 
Armor Piercing 
Capped-Tracer 
(APC-T), M59 

Cartridge case: Brass - Copper, Iron, Lead, 
Zinc 
Propellant: Dibutylphthalate, 

Dinitrotoluene(6), Diphenylamine, 
Nitrocellulose(5), Potassium Chlorate 
Primer(3): Antimony Sulfide, Lead 
Thiocyanate, TNT, 
Projectile: Steel - Aluminum, Bismuth, 
Carbon, Copper, Iron, Lead, Manganese, 
Phosphorus, Silicon, Sulfur, Zinc 
Projectile Filler: Solid Steel 

Metals 
Aluminum, Copper, 
Iron, Zinc, Lead 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at these PAOI. 

Fixed Machine 
Gun Range 

Machine Gun & 
81 mm Mortar 

Range 
Remaining Lands 

Iron will only 
be analyzed in 
surface water 

samples. 

NO 
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Table 1.3 (Continued) 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Tracer(7): Magnesium, Strontium Nitrate 

Cartridge, 37mm, 
Target Practice (TP), 
M63Mod 1, Sub 
caliber for 155mm 
guns 

Cartridge case: Brass - Copper, Iron, Lead, 
Zinc 
Propellant: Dibutylphthalate, Dinitrotoluene(6), 
Diphenylamine, Nitrocellulose(5), Nitroglycerin, 
Potassium Nitrate, Sulfur 
Primer(3): Antimony Sulfide, Barium Nitrate, 
Lead Thiocyanate, Potassium Chlorate, TNT 
Projectile/Rotating Band: Steel/Copper 
Alloy - Carbon, Copper, Iron, Lead, 
Manganese, Phosphorus, Sulfur, Zinc 
Projectile Filler: Black Powder - Potassium 
Nitrate, Sodium Nitrate, Sulfur 
Fuze: Iron, Manganese, Phosphorus, Sulfur, 
Tetryl 
Fuze Primer(3): Antimony Sulfide, 
Carborundum, Copper, Iron, Lead, Lead Azide, 
Potassium Chlorate, Zinc 

Metals 
Copper, Iron, Zinc, 
Lead 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at these PAOI. 

Fixed Machine 
Gun Range 

Machine Gun & 
81 mm Mortar 

Range 
Remaining Lands 

Iron will only 
be analyzed in 
surface water 

samples. 

NO 

Cartridge, 40mm, 
High Explosive-
Tracer Self Destruct 
(HE-T, SD), MkII 

Cartridge case: Copper Alloy - Copper, Iron, 
Lead, Zinc 
Propellant: Dibutylphthalate, Dinitrotoluene(6), 
Diphenylamine, Nitrocellulose(5) 

Primer(3): Aluminum, Antimony Sulfide, 
Barium Nitrate, Lead Styphnate, Lead 
Thiocyanate, Nitrocellulose(5), PETN, 
Potassium Chlorate, Tetrazene, TNT 
Projectile/Rotating Band: Steel/Copper 

Metals 
Aluminum, Copper, 
Iron, Lead, Zinc 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at these PAOI. 

Fixed Machine 
Gun Range 

Machine Gun & 
81mm Mortar 

Range 
Remaining Lands 

Iron will only 
be analyzed in 
surface water 

samples. 
Perchlorate will 

only be 
analyzed in 

surface water 
and sediment 

NO 
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Table 1.3 (Continued) 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Alloy - Carbon, Copper, Iron, Lead, 
Manganese, Phosphorus, Sulfur, Zinc 
Projectile Filler: TNT 
Fuze, Projectile, Point Detonating, Mk27: 
Aluminum Alloy – Aluminum, Copper, Iron, 
Manganese, Magnesium, Nickel, Silicon, 
Tetryl, Tin, Zinc 
Fuze Filler: Tetryl 
Fuze Primer(3): Antimony Sulfide, 
Carborundum, Copper, Iron, Lead, Lead Azide, 
Potassium Chlorate, Zinc 
Tracer(7): Aluminum Powder, Ammonium 
Perchlorate, Barium Peroxide, Magnesium, 
Sodium Nitrate, Strontium Nitrate, Sulfur 

Perchlorate samples. 

Cartridge, 40mm, 
Armor Piercing-
Tracer (AP-T), M81 

Cartridge case: Brass - Copper, Iron, Lead, 
Zinc 
Propellant: Dibutylphthalate, Dinitrotoluene(6), 
Diphenylamine, Nitrocellulose(5), Nitroglycerin, 
Potassium Nitrate, Sulfur 
Primer(3): Antimony Sulfide, Lead 
Thiocyanate, Potassium Chlorate, Potassium 
Nitrate, Sodium Nitrate, Sulfur, TNT 
Projectile/Rotating Band: Steel/Copper 

Metals 
Copper, Zinc, Iron, 
Lead 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at these PAOI. 

Fixed Machine 
Gun Range 

Machine Gun & 
81mm Mortar 

Range 
Remaining Lands 

Iron will only 
be analyzed in 
surface water 

samples. 

YES 

Alloy - Carbon, Copper, Iron, Lead, 
Manganese, Phosphorus, Sulfur, Zinc 
Projectile Filler: Solid steel 
Tracer(7): Aluminum, Barium Peroxide, 
Calcium Resinate, Magnesium, Polyvinyl 
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Table 1.3 (Continued) 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Chloride, Strontium Nitrate 

Cartridge, 40mm, 
Target Practice-
Tracer (TP-T), M91 

Cartridge case: Brass - Copper, Iron, Lead, 
Zinc 
Propellant: Dibutylphthalate, Dinitrotoluene(6), 
Diphenylamine, Nitrocellulose(5), Nitroglycerin, 
Potassium Nitrate, Sulfur 
Primer(3): Antimony Sulfide, Lead 
Thiocyanate, Potassium Chlorate, Potassium 
Nitrate, Sodium Nitrate, Sulfur, TNT 
Projectile/Rotating Band: Steel/Copper Alloy 
- Carbon, Copper, Iron, Lead, Manganese, 

Metals 
Copper, Zinc, Iron, Lead 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at these PAOI. 

Fixed Machine 
Gun Range 
Machine Gun & 
81mm Mortar 
Range 
Remaining Lands 

Iron will only 
be analyzed in 
surface water 

samples. 

No 

Phosphorus, Sulfur, Zinc 
Projectile Filler: Solid steel 
Tracer(7): Aluminum, Barium Peroxide, 
Calcium Resinate, Magnesium, Polyvinyl 
Chloride, Strontium Nitrate, Toluidine Red 
Toner, Zinc Stearate 

Mortar, 60mm, High 
Explosive (HE), 
M49A2 

Propelling Assembly: Kraft Paper, Steel -
Iron, Manganese, Paper, Phosphorus, Sulfur, 
Zinc 
Propellant: Diethylphthalate, Nitrocellulose(5), 
Nitroglycerin, Potassium Nitrate 
Primer(3): Antimony Sulfide, Lead 
Thiocyanate, Potassium Chlorate, Potassium 
Nitrate, TNT 
Projectile: Steel - Carbon, Iron, Manganese, 
Phosphorus, Sulfur 

Metals 
Aluminum, Copper, 
Iron, Zinc 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at this PAOI. 

2.36 Inch Rocket 
Range 1 

Iron will only 
be analyzed in 
surface water 

samples. 

YES 
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Table 1.3 (Continued) 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Projectile Filler: TNT 
Fuze, Point Detonating (PD), M52 series: 
Aluminum Alloy, Zinc Alloy - Aluminum, 
Bismuth, Cadmium, Copper, Iron, Magnesium, 
Manganese, Nickel, Phosphorus, Silicon, 
Sulfur, Tin, Zinc 
Fuze Filler: Tetryl 
Fuze Primer(3): Antimony Sulfide, 
Carborundum, Copper, Lead Azide, Potassium 
Chlorate, Zinc 

Mortar, 60mm, 
Target Practice (TP), 
M50 

Propelling Assembly: Kraft Paper, Steel -
Iron, Manganese, Paper, Phosphorus, Sulfur, 
Zinc 
Propellant: Diethylphthalate, Nitrocellulose(5), 
Nitroglycerin, Potassium Nitrate, 
Primer(3): Antimony Sulfide, Lead 
Thiocyanate, Potassium Chlorate, Potassium 
Nitrate, TNT 
Projectile: Steel - Carbon, Iron, Manganese, 
Phosphorus, Sulfur 
Projectile Filler: Plaster, Black Powder – 

Metals 
Aluminum, Copper, 
Iron, Zinc 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at this PAOI. 

2.36 Inch 
Rocket Range 1 

Iron will only 
be analyzed in 
surface water 

samples. 

NO 

Plaster, Potassium Nitrate, Sodium Nitrate, 
Sulfur 
Fuze, Point Detonating (PD), M52 series: 
Aluminum Alloy, Zinc Alloy - Aluminum, 
Bismuth, Cadmium, Copper, Iron, Magnesium, 
Manganese, Nickel, Phosphorus, Silicon, 
Sulfur, Tin, Zinc 
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Table 1.3 (Continued) 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Fuze Filler: Tetryl 
Fuze Primer(3): Antimony Sulfide, 
Carborundum, Copper, Lead Azide, Potassium 
Chlorate, Zinc 

Mortar, 60mm, 
Training, M69 

Propelling Assembly: Kraft Paper, Steel -
Iron, Manganese, Paper, Phosphorus, Sulfur, 
Zinc 
Propellant: Diethylphthalate, Nitrocellulose(5), 
Nitroglycerin, Potassium Nitrate, 
Primer(3): Antimony Sulfide, Lead 
Thiocyanate, Potassium Chlorate, Potassium 
Nitrate, TNT 
Projectile: Steel - Aluminum, Carbon, 
Chromium, Cobalt, Copper, Iron, Manganese, 
Molybdenum, Nickel, Phosphorus, Silicon, 
Sulfur, Vanadium, Zinc 

Metals 
Copper, Zinc, Iron 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at this PAOI. 

2.36 Inch 
Rocket Range 1 

Iron will only 
be analyzed in 
surface water 

samples. 

NO 

Mortar, 81mm, High 
Explosive (HE), M43 

Propelling Assembly: Kraft Paper, Steel -
Iron, Manganese, Paper, Phosphorus, Sulfur, 
Zinc 
Propellant: Diethylphthalate, Nitrocellulose(5), 
Nitroglycerin, Potassium Nitrate 
Primer(3): Antimony Sulfide, Copper, Lead 
Thiocyanate, Potassium Chlorate, Potassium 

Metals 
Aluminum, Copper, 
Zinc, Iron 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 

Machine Gun 
& 81mm Mortar 

Range 

Iron will only 
be analyzed in 
surface water 

samples. 

NO 

Nitrate, Trinitrotoluene (TNT), Sulfur, Zinc 
Projectile: Steel - Carbon, Iron, Manganese, 
Phosphorus, Sulfur 
Projectile Filler: TNT or Comp B - RDX, 

analyzed for media 
collected at this PAOI. 
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Table 1.3 (Continued) 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

TNT 
Fuze, Point Detonating (PD), M52, M525: 
Aluminum Alloy - Aluminum, Copper, Iron, 
Lead, Magnesium, Zinc 
Fuze Filler: RDX , Tetryl 
Fuze Primer(3): Antimony Sulfide, Barium 
Nitrate, Lead Azide, Lead Styphnate, Tetrazene 

Mortar, 81mm, High 
Explosive (HE), M45 

Propelling Assembly: Kraft Paper, Steel -
Iron, Manganese, Paper, Phosphorus, Sulfur, 
Zinc 
Propellant: Diethylphthalate, Nitrocellulose(5), 
Nitroglycerin, Potassium Nitrate 
Primer(3): Antimony Sulfide, Copper, Lead 
Thiocyanate, Potassium Chlorate, Potassium 
Nitrate, TNT, Sulfur, Zinc 
Projectile: Steel - Carbon, Iron, Manganese, 
Phosphorus, Sulfur 
Projectile Filler: TNT 

Metals 
Aluminum, Copper, 
Zinc, Iron 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at this PAOI. 

Machine Gun & 
81mm Mortar 

Range 

Iron will only 
be analyzed in 
surface water 

samples. 

Yes 

Fuze, Point Detonating (PD), M45: 
Aluminum Alloy/Zinc Alloy - Aluminum, 
Copper, Iron, Lead, Magnesium, Zinc 
Fuze Filler: Tetryl 
Fuze Primer(3): Antimony Sulfide, Aluminum, 
Carborundum, Copper, Iron, Lead Azide, 
Magnesium, Potassium Chlorate, Potassium 
Nitrate, Tetryl, Sulfur, Zinc 

Mortar, 81mm, High 
Explosive (HE), M56 

Propelling Assembly: Kraft Paper, Steel -
Iron, Manganese, Paper, Phosphorus, Sulfur, 

Metals 
Aluminum, Copper, 

Machine Gun & 
81mm Mortar 

Iron will only 
be analyzed in 

NO 
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Table 1.3 (Continued) 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Zinc 
Propellant: Diethylphthalate, Nitrocellulose(5), 
Nitroglycerin, Potassium Nitrate 
Primer(3): Antimony Sulfide, Copper, Lead 
Thiocyanate, Potassium Chlorate, Potassium 
Nitrate, TNT, Sulfur, Zinc 
Projectile: Steel - Carbon, Iron, Manganese, 
Phosphorus, Sulfur 
Projectile Filler: TNT 
Fuze, Point Detonating (PD), M52 series: 
Aluminum Alloy, Zinc Alloy - Aluminum, 
Bismuth, Cadmium, Copper, Iron, Magnesium, 
Manganese, Nickel, Phosphorus, Silicon, 
Sulfur, Tin, Zinc 
Fuze Filler: Tetryl 
Fuze Primer(3): Antimony Sulfide, 
Carborundum, Copper, Lead Azide, Potassium 
Chlorate, Zinc 

Zinc, Iron 
Explosives 

As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at this PAOI. 

Range surface water 
samples. 

Mortar, 81mm, 
Target Practice (TP), 
M43 

Propelling Assembly: Kraft Paper, Steel -
Iron, Manganese, Paper, Phosphorus, Sulfur, 
Zinc 
Propellant: Diethylphthalate, Nitrocellulose(5), 
Nitroglycerin, Potassium Nitrate, 
Primer(3): Antimony Sulfide, Lead 
Thiocyanate, Potassium Chlorate, Potassium 
Nitrate, TNT 
Projectile: Steel - Carbon, Iron, Manganese, 
Phosphorus, Sulfur 

Metals 
Aluminum, Copper, 
Zinc, Iron 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at this PAOI. 

Machine Gun & 
81mm Mortar 

Range 

Iron will only 
be analyzed in 
surface water 

samples. 

NO 
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Table 1.3 (Continued) 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Projectile Filler: Plaster, Black Powder – 
Plaster, Potassium Nitrate, Sodium Nitrate, 
Sulfur 
Fuze, Point Detonating (PD), M52 series: 
Aluminum Alloy, Zinc Alloy - Aluminum, 
Bismuth, Cadmium, Copper, Iron, Magnesium, 
Manganese, Nickel, Phosphorus, Silicon, 
Sulfur, Tin, Zinc 
Fuze Filler: Tetryl 
Fuze Primer(3): Antimony Sulfide, 
Carborundum, Copper, Lead Azide, Potassium 
Chlorate, Zinc 

Mortar, 81mm, 
Training, M68 

Propelling Assembly: Kraft Paper, Steel -
Iron, Manganese, Paper, Phosphorus, Sulfur, 
Zinc 
Propellant: Diethylphthalate, Nitrocellulose(5), 
Nitroglycerin, Potassium Nitrate, 
Primer(3): Antimony Sulfide, Lead 
Thiocyanate, Potassium Chlorate, Potassium 
Nitrate, TNT 
Projectile: Steel - Carbon, Iron, Manganese, 
Phosphorus, Sulfur 

Metals 
Iron, Zinc 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at this PAOI. 

Machine Gun & 
81mm Mortar 

Range 

Iron will only 
be analyzed in 
surface water 

samples. 

NO 

Grenade, Rifle, Anti-
Tank, M9 

Grenade Body: Steel - Carbon, Iron, 
Manganese, Phosphorus, Sulfur 
Impact Fuze: Tetryl 
Primer Mixture(3): Antinomy Sulfide, Copper, 
Lead, Lead Thiocyanate, Iron, Potassium 
Chlorate, TNT, Zinc 

Metals 
N/A 

Explosives 
N/A 

Unknown No specific 
indication of 

finds 

NO 
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Table 1.3 (Continued) 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Grenade, Rifle, 
Practice, M11 

Grenade Body: Sheet Steel – Carbon, Iron, 
Manganese, Phosphorus, Sulfur 

Metals 
N/A 

Explosives 
N/A 

Unknown No specific 
indication of 

finds 

NO 

Rocket, 2.36-inch, 
High Explosive Anti-
Tank (HEAT), M6 
Series 

Rocket Motor: Steel – Carbon, Iron, 
Manganese, Phosphorus, Sulfur 
Propelling Charge: Ethyl Centralite, 
Nitrocellulose(5), Nitroglycerin, Potassium 
Perchlorate 
Primer(3): Barium Nitrate, Diazodinitrophenol, 
Potassium Chlorate, Potassium Nitrate, Sulfur 
Warhead: Steel /Copper Alloy- Carbon, 
Copper, Iron, Lead, Manganese, Phosphorus, 
Sulfur, Zinc 
Warhead Filler: Pentolite - PETN, TNT 
Fuze, Base Detonating, M400/M401: Steel – 
Carbon, Iron, Manganese, Phosphorus, Sulfur 
Fuze Filler: Tetryl 
Fuze Primer(3): Copper, Iron, Lead, Lead 
Azide, Zinc 

Metals 
Copper, Iron, Lead, Zinc 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at these PAOI. 

Miscellaneous 
Perchlorate(8) 

Scrap and Rocket 
Dump 
2.36 Inch Rocket 
Range 1 
2.36 Inch Rocket 
Range 2 
Remaining Lands 
(Southern 
Portion) 

Iron will only 
be analyzed in 
surface water 

samples. 
Perchlorate will 

only be 
analyzed in 

surface water 
and sediment 

samples. 

Yes 

Rocket, 2.36-inch, 
Practice, M7 

Rocket Motor: Steel – Carbon, Iron, 
Manganese, Phosphorus, Sulfur 
Propelling Charge: Ethyl Centralite, 
Nitrocellulose(5), Nitroglycerin, Potassium 
Perchlorate 
Primer(3): Barium Nitrate, Diazodinitrophenol, 
Potassium Chlorate, Potassium Nitrate, Sulfur 
Warhead: Steel /Copper Alloy- Carbon, 

Metals 
Copper, Iron, Lead, 
Zinc 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 

Scrap and Rocket 
Dump 
2.36 Inch Rocket 
Range 1 
2.36 Inch Rocket 
Range 2 
Remaining Lands 
(Southern 

Iron will only 
be analyzed in 
surface water 

samples. 
Perchlorate will 

only be 
analyzed in 

surface water 

Yes 
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Table 1.3 (Continued) 
Chemical Composition of Munitions and Explosives of Concern and Potential Munitions Constituents 

Brooksville Turret Gunnery Range 
Brooksville, Florida 

Munitions 
Type/Model 

Composition 
(Case and Filler)(2) MC Analysis(1) 

PAOI with 
suspected 

occurrence 
Comment 

MEC/MD 
Previously 
Recovered 

Copper, Iron, Lead, Manganese, Phosphorus, 
Sulfur, Zinc 
Warhead Filler: Inert 
Fuze, Base Detonating, M400/M401: Steel – 
Inert 

collected at these PAOI. 
Miscellaneous 

Perchlorate(8) 

Portion) and sediment 
samples. 

Rocket, 3.25 inch, 
Target, Mk 1 through 
Mk 4 

Rocket Motor: Steel - Carbon, Iron, 
Manganese, Phosphorus, Sulfur 
Propellant: Diazodinitrophenol, 
Nitrocellulose(5), Nitroglycerin, Potassium 
Chlorate, Potassium Nitrate, Potassium 
Perchlorate 
Flare: Aluminum, Barium Nitrate, 
Hexachlorbenzene, Magnesium, Potassium 
Perchlorate 

Metals 
Aluminum, Barium, 
Iron 

Explosives 
As a conservative 
measure, a full 
explosives panel will be 
analyzed for media 
collected at these PAOI. 

Miscellaneous 
Perchlorate(8) 

Scrap and Rocket 
Dump 
Remaining Lands 
(Southern 
Portion) 

Iron will only 
be analyzed in 
surface water 

samples. 
Perchlorate will 

only be 
analyzed in 

surface water 
and sediment 

samples. 

NO 

Notes: 

(1) MC selected for analysis are typically non-essential nutrient metals and indicative of known or suspected DOD munitions used at these PAOI. 
(2) MC not selected for analysis are essential nutrient metals, Semi-Volatile Organic Compounds (SVOCs) or materials that represent a very small percentage of the munitions 

weight. 
(3) Primer materials represent a very small percentage of the munitions’ weight. Therefore, analysis of primer constituents will not be conducted. However, if a primer 

constituent is associated with a larger component of the munition, then analysis of that constituent may be conducted. 
(4) A full Explosives panel will be analyzed for from media collected at this site and ambient samples. As a conservative measure, Parsons’ policy is to include all explosives when 

analyzing for explosive MC. 
(5) Nitrocellulose is not considered toxic, has no risk-based screening values and there are no chemical analysis techniques that quantify nitrocellulose separately from the 

natural common essential nutrient nitrate. Based on this, nitrocellulose analysis will not be conducted at this site. 
(6) Dinitrotoluene products include: 2, 4-and 2, 6-dinitrotoluene; 2-Amino-4, 6-dinitrotoluene; 2-and 3-nitrotoluene; 4-Amino-2, 6-dinitrotoluene; 4-nitrotoluene. 
(7) Tracer element materials represent a very small percentage of the munitions’ weight and is consumed while the projectile travels to the target, therefore, tracer element 

constituents will not be analyzed for at this site (if a trace element constituent is associated with a larger component of the munition it may be analyzed for). 
(8) Surface and groundwater samples (if available) will be analyzed for perchlorate at the 2.36 Rocket Range 1 PAOI. 

Source: Munitions information was supplied by the 1991 INPR and 2004 ASR Supplement, Munitions Items Disposition Action System (MIDAS) database, and USACE Range Operations 

Reports RO-01, RO-03, RO-04, RO-05, RO-13, RO-14 and RO-21. 
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CHAPTER 2. PROJECTED REMEDIAL RESPONSE OBJECTIVES 

2.1 CONCEPTUAL SITE MODEL AND PROJECT APPROACH 

2.1.1 Preliminary Conceptual Site Model 

The conceptual site model (CSM) depicts and evaluates the potential interactions between human and 
ecological receptors and MEC and MC. The ways that MEC and MC can move in the environment and 
the means by which receptors may contact them are called migration/exposure pathways. The CSM 
identifies potential migration/exposure pathways and the possible human and/or ecological receptors for 
those pathways, based on site-specific conditions. It is necessary to evaluate site-specific conditions and 
land use to evaluate risks posed to potential receptors under current and future land use scenarios. 
Exposure pathways for relevant media are evaluated. 

The CSM summarizes which potential receptor exposure pathways for MEC and MC are (or may be) 
complete and which are (and are likely to remain) incomplete. An exposure pathway is considered 
incomplete unless all four of the following elements (in italics) are present (USEPA, 1989). An example 
regarding a hypothetical surface water exposure pathway for MC is included. 

A source of contamination (for example, a site has known MEC from which MC have leached 
and contaminated surface soil). 
An environmental transport and/or exposure medium (in the example, the MC in soil are mobile 
and can migrate to surface water via storm water runoff). 
A point of exposure at which the contaminant can interact with a receptor (a swimming hole is 
located close to the site). 
A receptor and a likely route of exposure at the exposure point (a local resident uses the 
swimming hole for recreation). 

In the hypothetical example, all four factors are present and, therefore, the surface water exposure 
pathway is complete. If any single factor was not present (e.g., MC were not present in soil, or there was 
no swimming hole located in the vicinity), the pathway would be incomplete. An incomplete exposure 
pathway indicates there are no current means by which a receptor (human or ecological) can come into 
contact with either MEC or MC and, therefore, no risks from exposure to MEC or MC would be 
expected. 

A CSM is dynamic and represents the current understanding of the site. The CSM is evaluated and 
revised each time new information is received. As part of the TPP process for the RI/FS at the former 
BTGR, a preliminary CSM was developed for each of seven PAOIs in accordance with Engineer 
Manual (EM) 1110-1-1200. This preliminary CSM is presented as a summary table that indicates the 
known or suspected MEC/MC contamination sources, potential/suspected locations and distribution of 
contamination, related source or exposure media, current and future receptors, and the potentially 
complete exposure pathways (Table 2.1). The known or suspected MEC/MC presented in this 
preliminary CSM were developed based on results of previous investigations conducted at the site 
(subchapter 1.5) in conjunction with various available Department of Defense (DoD) data sources, and 
the rationale was concurred by the TPP Team and presented in the final approved Work Plan (USA, 
2012). 
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The preliminary CSM presented in Table 3.1 lists the known or suspected MEC types for each PAOI, 
including 37mm projectiles, 40mm projectiles, 2.36-inch rockets, 60mm mortars, and 81mm mortars. 
No 37mm projectiles have been found at BTGR, but the majority of 37mm projectiles would be 
expected at depths shallower than 15 cm bgs. During the Suncoast Parkway Removal Action, 40mm 
projectiles were found at a maximum depth of 30cm. During the NTCRA, 2.36-inch rockets were found 
at a maximum depth of 90cm at the 2.36-inch rocket range PAOIs. Only one 60mm mortar was found 
during the NTCRA at a depth of approximately 5cm bgs. No 81mm mortars were found at the site, but 
are expected at approximately the same depths as the 60mm mortars. If these munitions are present at 
the surface or in the subsurface (“subsurface MEC” are those MEC items that are not visible above the 
soil surface [i.e., they are fully covered by soil]), they would provide a source of MEC for an exposure 
pathway. As described in subsection 1.3.1.2, the former BTGR is primarily composed of small farms 
and pastureland intermixed with numerous scattered residential areas in the north and central portions of 
the site. The south and south central portion of the site contains shopping centers, heavily populated 
retirement communities (Highpoint and Brookridge Subdivisions), other subdivided residential areas, 
small farms, and scattered residential homes. Numerous corporate-owned tracts of land are present 
throughout the site. The southwestern portion of the former BTGR, which includes Areas D1 and D3, is 
the most disturbed and developed area of the site and includes primarily shopping centers and 
residential districts. According to the Hernando County Comprehensive Plan, continued development of 
the area is projected with a mix of commercial, professional, and residential development. The Future 
Land Use Plan and Zoning Map also predicts current development patterns to continue with infill of 
undeveloped land. 

Based on this land use, the primary receptors in the PAOIs are anticipated to be current and future 
residents, current and future commercial/industrial workers (e.g., site workers), current and future site 
visitors/recreational users, and ecological receptors. The activities performed by the commercial / 
industrial workers and site visitors are anticipated to be largely non-intrusive, resulting in exposure to 
surface soil. Construction workers, considered receptors at the Fixed Machine Gun Range PAOI, the 
Machine Gun/81mm Mortar Range PAOI, the 2.36-inch Rocket Range 1 PAOI, the 2.36-inch Rocket 
Range 2 PAOI, and the Remaining Lands PAOI, are assumed to reach an intrusive depth of up to 10-
15 feet, thus resulting in exposure to both surface and subsurface soil. The presence of a 
known/suspected source of MEC and possible receptors means that potentially complete exposure 
pathways are present at the site that could result in these identified current or future human receptors 
being exposed to explosive hazards at the Machine Gun/81mm Mortar Range PAOI, the Scrap Pile 
PAOI, the 2.36-inch Rocket Range 2 PAOI, and the Remaining Lands PAOI. These potential MEC 
exposure pathways are summarized in Table 2.1. 
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Munitions Response Site Details 

PRELIMINARY CONCEPTUAL SITE MODEL SUMMARY REMEDIAL INVESTIGATION TECHNICAL APPROACH 

Known or Suspected 
Contamination 

Source(s) 

Potential/Susp 
ected Location 

and 
Distribution 

Source or 
Exposure 
Medium 

Current and 
Future 

Receptors 

Potentially 
Complete 

Exposure Pathway 

Investigation 
Method 

Investigation 
Location(s) 

Investigation 
Acreage/ 

Number of Samples 
Decision Rule(s) 

NAME:ROCKET AND SCRAP 
DUMP PAOI (FISH 
POND) 

Acreage: Up to 0.1 acre 
Suspected Past DoD Activities 

(release mechanisms): 
Disposal of munitions-related and 
other debris directly into pond 

Current and Future Land Use: 
Residential 

MEC: 
Rocket, 2.36-inch, 
HEAT, M6 
Small arms ammunition 
up to .50 caliber 

No significant 
MEC 
contamination 
remaining; 
PAOI subject to 
prior MEC 
clearance 

None Not applicable None Not applicable Not applicable Not applicable Not applicable 

Munitions 
Constituents: 
Explosives and MC 
metals 
(see Munitions List table) 

Potentially 
present in 
surface water 
and/or sediment 
(pond) in PAOI 

Surface water 
and/or 
sediment 

Residents, 
commercial or 
industrial 
workers, site 
visitors, 
ecological 
receptors 

Exposure to MC in 
surface 
water/sediment 
(incidental ingestion 
and dermal/root 
contact; ingestion as 
drinking water for 
ecological receptors 
only) 

Collect discrete 
surface water 
and sediment 
samples and 
analyze for MC 

Pond within PAOI 8 discrete samples of 
each medium 

If MC concentrations less than Preliminary Screening Values, 
then surface water not MC-contaminated and no further 
analysis required 
If MC analytes are detected in samples at concentrations 
above Preliminary Screening Values, then conduct MC risk 
assessment 
If MC concentrations in sediment exceed groundwater 
protection criteria, then need for groundwater investigation 
will be evaluated 

Groundwater 
(not expected 
but decision 
rules provided 
to address 
possibility) 

Groundwater 
(via leaching 
from soil) 

Residents, 
commercial or 
industrial 
workers, site 
visitors 

Exposure to MC in 
groundwater 
(incidental ingestion 
and dermal contact) 

Collect discrete 
groundwater 
samples and 
analyze for MC 

Existing 
groundwater wells 
in vicinity of PAOI, 
or installed wells at 
and in vicinity of 
PAOI 

Up to 5 samples (one 
from each well) 
Up to 5 additional 
samples to delineate 
extent of 
contamination 

If MC concentrations less than Preliminary Screening Values, 
then groundwater not MC-contaminated and no further 
analysis required 
If further analysis required (i.e., concentrations exceed 
Preliminary Screening Values), then evaluate exceeding 
samples based on upgradient concentrations 
If MC concentrations in exceeding samples are comparable to 
upgradient concentrations, then PAOI was not source of 
contamination and no further analysis is required 
If MC concentrations in exceeding samples are not 
comparable to upgradient concentrations, then PAOI is 
potential source of contamination and MC risk assessment 
will be conducted for groundwater pathway 

NAME:SCRAP PILE PAOI 
Acreage: Approximately 20 acres 

(defined as 50-ft buffer 
either side of roads 
throughout potential 
disposal area) 

Suspected Past DoD Activities 
(release mechanisms): 
Disposal of military debris on soil 
surface either side of area roads; no 
burial activities suspected 

Current and Future Land Use: 
Residential 

MEC: 
Unknown (not 
anticipated) 

MEC not 
expected; 
however, if 
present, most 
likely 
concentrated in 
one or more 
piles in PAOI; 
no subsurface 
MEC suspected 

Surface soil Residents, 
commercial or 
industrial 
workers, site 
visitors 

Exposure to surface 
MEC 

IAR and physical 
inspection 

IAR transects the 
PAOI at approx. 15-
ft spacing 
Any identified metal 
scrap piles greater 
than 10 feet across. 

IAR surveys: 
76,246 ft of transects 
Physical inspection: 
Investigate 3-ft wide 
swath through densest 
part of pile 

If IAR identifies no scrap piles greater than 10 feet across and 
actual transects are established to have 90% confidence of 
locating 20-ft dia. pile/pit (a), then PAOI is not contaminated 
with MEC 
If IAR identifies scrap pile(s) greater than 10 feet across, then 
investigate potential for MEC contamination further and/or 
delineate using DGM, as necessary 
If scrap pile(s) identified are greater than 10 feet across, then 
investigate 3-ft wide swath through densest part of pile; if no 
MEC or significant amount of MD found, then pile is not 
MEC-contaminated 

Munitions 
Constituents: 
Explosives and MC 
metals 
(see Munitions List table) 

Potentially 
present in soil 
in high density 
MEC areas 
only 

Surface soil 
and 
subsurface 
soil 

Residents, 
commercial or 
industrial 
workers, site 
visitors, 

Exposure to MC in 
soil (incidental 
ingestion, 
dermal/root contact, 
inhalation of 

Collect discrete 
soil samples and 
analyze for MC; 
conduct 
sampling at 

Locations of MEC-
contaminated areas 
or random locations 
throughout PAOI 

MEC-contaminated 
areas: up to 8 samples 
Random sampling: 
8 samples 
Additional discrete 

If MEC-contaminated areas located, then collect discrete soil 
samples to evaluate presence/absence of MC contamination at 
pile/pit 
If no MEC-contaminated areas located in PAOI, then collect 
random samples throughout PAOI 
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Munitions Response Site Details 

PRELIMINARY CONCEPTUAL SITE MODEL SUMMARY REMEDIAL INVESTIGATION TECHNICAL APPROACH 

Known or Suspected 
Contamination 

Source(s) 

Potential/Susp 
ected Location 

and 
Distribution 

Source or 
Exposure 
Medium 

Current and 
Future 

Receptors 

Potentially 
Complete 

Exposure Pathway 

Investigation 
Method 

Investigation 
Location(s) 

Investigation 
Acreage/ 

Number of Samples 
Decision Rule(s) 

ecological 
receptors 

suspended 
particulates, and 
ingestion of biota) 

MEC-
contaminated 
areas; if no 
MEC-
contaminated 
areas, perform 
random sampling 

samples as necessary 
to delineate extent of 
contamination 

If random sampling is conducted, then MC metals will be 
evaluated only if munitions-related material is observed or if 
explosives compounds are detected 
If MC concentrations below Preliminary Screening Values, 
then soil not MC-contaminated and no further analysis 
required 
If MC concentrations exceed direct contact criteria or 
groundwater protection criteria (based on leachability), then 
collect additional samples to delineate extent of MC 
contamination in soil; once delineation is complete, conduct 
MC risk assessment for soil pathway 
For groundwater protection criteria, if vertical extent defined 
at soil depth less than groundwater depth, then groundwater 
samples not required; if this cannot be established, then collect 
groundwater samples (see groundwater pathway) 

Groundwater 
(not expected 
but  decision 
rules provided 
to address 
possibility ) 

Groundwater 
(via leaching 
from soil) 

Residents, 
commercial or 
industrial 
workers, site 
visitors 

Exposure to MC in 
groundwater 
(incidental ingestion 
and dermal contact) 

Collect discrete 
groundwater 
samples and 
analyze for MC 

Existing 
groundwater wells 
in vicinity of PAOI, 
or installed wells at 
and in vicinity of 
PAOI 

Up to 5 samples (one 
from each well) 
Up to 5 additional 
samples to delineate 
extent of 
contamination 

If MC concentrations less than Preliminary Screening Values, 
then groundwater not MC-contaminated and no further 
analysis required 
If further analysis required (i.e., concentrations exceed 
Preliminary Screening Values), then evaluate exceeding 
samples based on upgradient concentrations 
If MC concentrations in exceeding samples are comparable to 
upgradient concentrations, then PAOI was not source of 
contamination and no further analysis is required 
If MC concentrations in exceeding samples are not 
comparable to upgradient concentrations, then PAOI is 
potential source of contamination and MC risk assessment 
will be conducted for groundwater pathway 
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Munitions Response Site Details 

PRELIMINARY CONCEPTUAL SITE MODEL SUMMARY REMEDIAL INVESTIGATION TECHNICAL APPROACH 

Known or Suspected 
Contamination 

Source(s) 

Potential/Susp 
ected Location 

and 
Distribution 

Source or 
Exposure 
Medium 

Current and 
Future 

Receptors 

Potentially 
Complete 

Exposure Pathway 

Investigation 
Method 

Investigation 
Location(s) 

Investigation 
Acreage/ 

Number of Samples 
Decision Rule(s) 

NAME:FIXED MACHINE GUN 
RANGE PAOI 

Acreage: 1,129 acres 
Suspected Past DoD Activities 

(release mechanisms): 
Anti-aircraft gunnery training 

Current and Future Land Use: 
Residential, commercial/industrial, 
undeveloped land 

MEC: 
Projectile, 40mm, 
Practice 
Small arms ammunition 
up to .50 caliber 

MEC not 
expected; 
probability of 
finding MEC 
contaminated 
areas is equally 
distributed 
across PAOI 

Surface or 
subsurface 
soil 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, and 
site visitors 

Exposure to surface 
or subsurface MEC 

Analog (“mag 
and dig”) 
investigations 
and DGM and 
intrusive 
investigation 

Area previously 
investigated during 
1999 EE/CA 
Multiple 100-ft by 
100-ft grids, located 
randomly 
throughout PAOI 

Analog and DGM 
surveys: 
22.6 acres (including 
7.9 acres investigated 
during 1999 EE/CA) 
Intrusive investigation: 
Investigate all 
anomalies that might 
be representative of 
MEC 

If results of intrusive investigation establish 90% confidence 
that MEC density is < 0.1 items/acre (b), then the area is not 
MEC-contaminated 
If MEC density of < 0.1 items/acre cannot be established at 
90% confidence, then re-delineate areas where MEC are 
found and recalculate and/or resample to achieve 90% 
confidence that MEC density is < 0.1 items/acre in 
uncontaminated areas; further actions or recommendations for 
the PAOI will be discussed with the project team 

Munitions 
Constituents: 
Explosives and MC 
metals 
(see Munitions List table) 

Potentially 
present in soil 
in high density 
MEC areas 
only 

Surface soil 
and 
subsurface 
soil 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, site 
visitors, and 
ecological 
receptors 

Exposure to MC in 
soil (incidental 
ingestion, 
dermal/root contact, 
inhalation of 
suspended 
particulates, and 
ingestion of biota) 

Collect discrete 
soil samples and 
analyze for MC; 
conduct 
sampling at 
MEC-
contaminated 
areas (if found) 

Locations of MEC-
contaminated areas 

MEC-contaminated 
areas: up to 
10 samples 
Additional discrete 
samples as necessary 
to delineate extent of 
contamination 

If no MEC-contaminated areas located in PAOI, then PAOI 
not MC-contaminated and no further analysis required 
If MEC-contaminated areas located, then collect discrete soil 
samples to evaluate presence/absence of MC contamination at 
pile/pit 
If MC concentrations below Preliminary Screening Values, 
then soil not MC-contaminated and no further analysis 
required 
If MC concentrations exceed direct contact criteria or 
groundwater protection criteria (based on leachability), then 
collect additional samples to delineate extent of MC 
contamination in soil; once delineation is complete, conduct 
MC risk assessment for soil pathway 
For groundwater protection criteria, if vertical extent defined 
at soil depth less than groundwater depth, then groundwater 
samples not required; if this cannot be established, then collect 
groundwater samples (see groundwater pathway) 

Groundwater 
(not expected 
but  decision 
rules provided 
to address 
possibility) 

Groundwater 
(via leaching 
from soil) 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, and 
site visitors 

Exposure to MC in 
groundwater 
(incidental ingestion 
and dermal contact) 

Collect discrete 
groundwater 
samples and 
analyze for MC 

Existing 
groundwater wells 
in vicinity of PAOI, 
or installed wells at 
and in vicinity of 
PAOI 

Up to 5 samples (one 
from each well) 
Up to 5 additional 
samples to delineate 
extent of 
contamination 

If MC concentrations less than Preliminary Screening Values, 
then groundwater not MC-contaminated and no further 
analysis required 
If further analysis required (i.e., concentrations exceed 
Preliminary Screening Values), then evaluate exceeding 
samples based on upgradient concentrations 
If MC concentrations in exceeding samples are comparable to 
upgradient concentrations, then PAOI was not source of 
contamination and no further analysis is required 
If MC concentrations in exceeding samples are not 
comparable to upgradient concentrations, then PAOI is 
potential source of contamination and MC risk assessment 
will be conducted for groundwater pathway 

. 
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Munitions Response Site Details 

PRELIMINARY CONCEPTUAL SITE MODEL SUMMARY REMEDIAL INVESTIGATION TECHNICAL APPROACH 

Known or Suspected 
Contamination 

Source(s) 

Potential/Susp 
ected Location 

and 
Distribution 

Source or 
Exposure 
Medium 

Current and 
Future 

Receptors 

Potentially 
Complete 

Exposure Pathway 

Investigation 
Method 

Investigation 
Location(s) 

Investigation 
Acreage/ 

Number of Samples 
Decision Rule(s) 

NAME:MACHINE GUN / 81mm 
MORTAR RANGE PAOI 

Acreage: 2,219 acres 
Suspected Past DoD Activities 

(release mechanisms): 
Anti-aircraft gunnery and mortar 
training 

Current and Future Land Use: 
Residential, commercial/industrial, 
undeveloped land 

MEC (Eastern and 
Western Portions – 
1,681 acres): 
Mortar, 81mm, HE 
Mortar, 81mm, Practice 
Projectile, 40mm, 
Practice 
Small arms ammunition 
up to .50 caliber 

If present, MEC 
would be the 
result of 81mm 
mortar training 
and would be 
concentrated at 
one or more 
impact area(s) 

Surface or 
subsurface 
soil 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, and 
site visitors 

Exposure to surface 
or subsurface MEC 

DGM and 
intrusive 
investigation 

DGM transects the 
area at approx. 420-
ft spacing (sufficient 
to locate 300-ft 
radius target area to 
a 90% conf. level) (a) 

If high anomaly 
density areas 
detected, locate 100-
ft by 100-ft grid(s) 
in highest density 
portion(s) 

DGM surveys: 
Transects – ~13 acres 
Grids – as necessary, 
based on results from 
DGM transects 
Intrusive investigation: 
Investigate all single 
point anomalies in 
grids that might be 
representative of MEC 
(intrusive investigation 
in grids only) 

If no high anomaly density areas (i.e., “target areas”) are 
identified and actual transects are established to have 90% 
confidence of locating 300-ft radius target area (a), then PAOI 
will be considered uncontaminated by MEC 
If high anomaly density areas (i.e., “target areas”) are 
identified, then locate one or more DGM grids in area(s) of 
highest anomaly density 
If any grid anomalies in a target area are MEC or related 
items, then that whole target area will be considered 
potentially MEC-contaminated 
If no grid anomalies in a target area are MEC or related items, 
then that whole target area will be considered uncontaminated 
by MEC 

MEC (Central Portion – 
538 acres): 
Mortar, 81mm, HE 
Mortar, 81mm, Practice 
Projectile, 40mm, 
Practice 
Small arms ammunition 
up to .50 caliber 

If present, MEC 
would be the 
result of 81mm 
mortar training 
and would be 
concentrated at 
one or more 
impact area(s) 

Surface or 
subsurface 
soil 

Residents, 
commercial or 
industrial 
workers, site 
visitors 

Exposure to surface 
or subsurface MEC 

Analog (“mag 
and dig”) 
investigations 

Multiple residential 
parcels, located 
randomly 
throughout area 

Analog surveys: 
22.2 acres of parcels 
Intrusive investigation: 
Investigate all 
anomalies that might 
be representative of 
MEC 

If results of intrusive investigation establish 90% confidence 
that MEC density is < 0.1 items/acre (b), then the area is not 
MEC-contaminated 
If MEC density of < 0.1 items/acre cannot be established at 
90% confidence, then re-delineate areas where MEC are 
found and recalculate and/or resample to achieve 90% 
confidence that MEC density is < 0.1 items/acre in 
uncontaminated areas; further actions or recommendations for 
the PAOI will be discussed with the project team 

Munitions 
Constituents: 
Explosives and MC 
metals 
(see Munitions List table) 

Potentially 
present in soil 
in high density 
MEC areas 
only 

Surface soil 
and 
subsurface 
soil 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, site 
visitors, and 
ecological 
receptors 

Exposure to MC in 
soil (incidental 
ingestion, 
dermal/root contact, 
inhalation of 
suspended 
particulates, and 
ingestion of biota) 

Collect discrete 
soil samples and 
analyze for MC; 
conduct 
sampling at 
MEC-
contaminated 
areas (if found) 

Locations of MEC-
contaminated areas 

MEC-contaminated 
areas: up to 
10 samples 
Additional discrete 
samples as necessary 
to delineate extent of 
contamination 

If no MEC-contaminated areas located in PAOI, then PAOI 
not MC-contaminated and no further analysis required 
If MEC-contaminated areas located, then collect discrete soil 
samples to evaluate presence/absence of MC contamination at 
pile/pit 
If MC concentrations below Preliminary Screening Values, 
then soil not MC-contaminated and no further analysis 
required 
If MC concentrations exceed direct contact criteria or 
groundwater protection criteria (based on leachability), then 
collect additional samples to delineate extent of MC 
contamination in soil; once delineation is complete, conduct 
MC risk assessment for soil pathway 
For groundwater protection criteria, if vertical extent defined 
at soil depth less than groundwater depth, then groundwater 
samples not required; if this cannot be established, then collect 
groundwater samples (see groundwater pathway) 

Groundwater 
(not expected 
but  decision 
rules provided 
to address 
possibility) 

Groundwater 
(via leaching 
from soil) 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, and 
site visitors 

Exposure to MC in 
groundwater 
(incidental ingestion 
and dermal contact) 

Collect discrete 
groundwater 
samples and 
analyze for MC 

Existing 
groundwater wells 
in vicinity of PAOI, 
or installed wells at 
and in vicinity of 
PAOI 

Up to 5 samples (one 
from each well) 
Up to 5 additional 
samples to delineate 
extent of 
contamination 

If MC concentrations less than Preliminary Screening Values, 
then groundwater not MC-contaminated and no further 
analysis required 
If further analysis required (i.e., concentrations exceed 
Preliminary Screening Values), then evaluate exceeding 
samples based on upgradient concentrations 
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Munitions Response Site Details 

PRELIMINARY CONCEPTUAL SITE MODEL SUMMARY REMEDIAL INVESTIGATION TECHNICAL APPROACH 

Known or Suspected 
Contamination 

Source(s) 

Potential/Susp 
ected Location 

and 
Distribution 

Source or 
Exposure 
Medium 

Current and 
Future 

Receptors 

Potentially 
Complete 

Exposure Pathway 

Investigation 
Method 

Investigation 
Location(s) 

Investigation 
Acreage/ 

Number of Samples 
Decision Rule(s) 

If MC concentrations in exceeding samples are comparable to 
upgradient concentrations, then PAOI was not source of 
contamination and no further analysis is required 
If MC concentrations in exceeding samples are not 
comparable to upgradient concentrations, then PAOI is 
potential source of contamination and MC risk assessment 
will be conducted for groundwater pathway 

NAME:2.36-INCH ROCKET 
RANGE 1 PAOI 

Acreage: 87 acres 
Suspected Past DoD Activities 

(release mechanisms): 
Training with anti-tank rockets 

Current and Future Land Use: 
Residential, commercial/industrial 

MEC: 
Mortar, 60mm, HE 
Rocket, 2.36-inch, 
HEAT 
Rocket, 2.36-inch, 
Practice 

No significant 
MEC 
contamination 
remaining; 
PAOI subject to 
prior MEC 
clearance 

None Not applicable None Not applicable Not applicable Not applicable Not applicable 

Munitions 
Constituents: 
Explosives and MC 
metals 
(see Munitions List table) 

Potentially 
present in 
surface water 
and/or sediment 
(pond) in PAOI 

Surface water 
and/or 
sediment 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, site 
visitors, and 
ecological 
receptors 

Exposure to MC in 
surface 
water/sediment 
(incidental ingestion 
and dermal/root 
contact) 

Collect discrete 
surface water 
and sediment 
samples and 
analyze for MC 

Pond within PAOI 3 discrete samples of 
each medium 

If MC concentrations less than Preliminary Screening Values, 
then surface water not MC-contaminated and no further 
analysis required 
If MC analytes are detected in samples at concentrations 
above Preliminary Screening Values, then conduct MC risk 
assessment 
If MC concentrations in sediment exceed groundwater 
protection criteria, then need for groundwater investigation 
will be evaluated 

NAME:2.36-INCH ROCKET 
RANGE 2 PAOI 

Acreage: 88 acres 
Suspected Past DoD Activities 

(release mechanisms): 
Training with anti-tank rockets 

Current and Future Land Use: 
Residential, commercial/industrial 

MEC: 
Rocket, 2.36-inch, 
HEAT 
Rocket, 2.36-inch, 
Practice 

Minimal MEC 
contamination 
remaining 
(most of PAOI 
subject to prior 
MEC 
clearance); If 
present, MEC 
would be 
concentrated at 
an impact area 

Surface or 
subsurface 
soil 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, and 
site visitors 

Exposure to surface 
or subsurface MEC 

DGM and 
intrusive 
investigation 

Two DGM transects 
uncleared areas at 
approx. 375-ft 
spacing (sufficient 
to locate 400-ft by 
1,000-ft oval target 
area to a 90% conf. 
level) (a) 

If high anomaly 
density areas 
detected, locate 100-
ft by 100-ft grid(s) 
in highest density 
portion(s) 

DGM surveys: 
Transects – ~1 acre 
Grids – if necessary, 
based on results from 
DGM transects 
Intrusive investigation: 
Investigate all single 
point anomalies in 
grids that might be 
representative of MEC 
(intrusive investigation 
in grids only) 

If no high anomaly density areas (i.e., “target areas”) are 
identified and actual transects are established to have 90% 
confidence of locating 300-ft radius target area (a), then PAOI 
will be considered uncontaminated by MEC 
If high anomaly density areas (i.e., “target areas”) are 
identified, then locate one or more DGM grids in area(s) of 
highest anomaly density 
If any grid anomalies in a target area are MEC or related 
items, then that whole target area will be considered 
potentially MEC-contaminated 
If no grid anomalies in a target area are MEC or related items, 
then that whole target area will be considered uncontaminated 
by MEC 

Munitions 
Constituents: 
Not applicable 

No significant 
MC 
contamination 
present 

None Not applicable None Not applicable Not applicable Not applicable Not applicable 
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Table 2.1, continued 
Overview of Preliminary Conceptual Site Model and Remedial Investigation Technical Approach 

Brooksville Turret Gunnery Range, Hernando County, Florida 

PRELIMINARY CONCEPTUAL SITE MODEL SUMMARY REMEDIAL INVESTIGATION TECHNICAL APPROACH 

Investigation 
Method 

Investigation 
Location(s) 

Munitions Response Site Details Known or Suspected 
Contamination 

Source(s) 

Potential/Susp 
ected Location 

and 
Distribution 

Source or 
Exposure 
Medium 

Current and 
Future 

Receptors 

Potentially 
Complete 

Exposure Pathway 

Investigation 
Acreage/ 

Number of Samples 
Decision Rule(s) 

NAME:REMAINING LANDS MEC (Northern Area – MEC not 
PAOI (Northern Area and 3,617 acres): expected; 
Southern Developed Area) Small arms ammunition probability of 

Acreage: 7,377 acres up to .50 caliber finding MEC 
Suspected Past DoD Activities contaminated 

(release mechanisms): areas is equally 
Unknown distributed 

Current and Future Land Use: across PAOI 
Residential, commercial/industrial 

MEC (Southern MEC not 
Developed Area – expected; 
3,760 acres): probability of 
Small arms ammunition finding MEC 
up to .50 caliber contaminated 

areas is equally 
distributed 
across PAOI 

Munitions Potentially 
Constituents: present in soil 
Explosives and MC in high density 
metals MEC areas 
(see Munitions List table) only 

Groundwater 
(not expected 
but  decision 
rules provided 
to address 
possibility) 

Surface or 
subsurface 
soil 

Surface or 
subsurface 
soil 

Surface soil 
and 
subsurface 
soil 

Groundwater 
(via leaching 
from soil) 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, and 
site visitors 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, and 
site visitors 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, site 
visitors, and 
ecological 
receptors 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, and 
site visitors 

Exposure to surface 
or subsurface MEC 

Exposure to surface 
or subsurface MEC 

Exposure to MC in 
soil (incidental 
ingestion, 
dermal/root contact, 
inhalation of 
suspended 
particulates, and 
ingestion of biota) 

Exposure to MC in 
groundwater 
(incidental ingestion 
and dermal contact) 

Analog (“mag 
and dig”) 
investigations 
and DGM and 
intrusive 
investigation 

Analog (“mag 
and dig”) 
investigations 

Collect discrete 
soil samples and 
analyze for MC; 
conduct 
sampling at 
MEC-
contaminated 
areas (if found) 

Collect discrete 
groundwater 
samples and 
analyze for MC 

Area previously 
investigated during 
1999 EE/CA 
Multiple 100-ft by 
100-ft grids, located 
randomly 
throughout PAOI 

Multiple residential 
parcels, located 
randomly 
throughout PAOI 

Locations of MEC-
contaminated areas 

Existing 
groundwater wells 
in vicinity of PAOI, 
or installed wells at 
and in vicinity of 
PAOI 

Analog and DGM If results of intrusive investigation establish 90% confidence 
surveys: that MEC density is < 0.1 items/acre (b), then the area is not 
22.9 acres (including MEC-contaminated 
18.3 acres investigated If MEC density of < 0.1 items/acre cannot be established at 
during 1999 EE/CA) 90% confidence, then re-delineate areas where MEC are 
Intrusive investigation: found and recalculate and/or resample to achieve 90% 
Investigate all confidence that MEC density is < 0.1 items/acre in 
anomalies that might uncontaminated areas; further actions or recommendations for 
be representative of the PAOI will be discussed with the project team 
MEC 
Analog surveys: If results of intrusive investigation establish 90% confidence 
22.7 acres of parcels that MEC density is < 0.1 items/acre (b), then the area is not 
Intrusive investigation: MEC-contaminated 
Investigate all If MEC density of < 0.1 items/acre cannot be established at 
anomalies that might 90% confidence, then re-delineate areas where MEC are 
be representative of found and recalculate and/or resample to achieve 90% 
MEC confidence that MEC density is < 0.1 items/acre in 

uncontaminated areas; further actions or recommendations for 
the PAOI will be discussed with the project team 

MEC-contaminated If no MEC-contaminated areas located in PAOI, then PAOI 
areas: up to not MC-contaminated and no further analysis required 
10 samples If MEC-contaminated areas located, then collect discrete soil 
Additional discrete samples to evaluate presence/absence of MC contamination at 
samples as necessary PAOI 
to delineate extent of If MC concentrations below Preliminary Screening Values, 
contamination then soil not MC-contaminated and no further analysis 

required 
If MC concentrations exceed direct contact criteria or 
groundwater protection criteria (based on leachability), then 
collect additional samples to delineate extent of MC 
contamination in soil; once delineation is complete, conduct 
MC risk assessment for soil pathway 
For groundwater protection criteria, if vertical extent defined 
at soil depth less than groundwater depth, then groundwater 
samples not required; if this cannot be established, then collect 
groundwater samples (see groundwater pathway) 

Up to 5 samples (one If MC concentrations less than Preliminary Screening Values, 
from each well) then groundwater not MC-contaminated and no further 
Up to 5 additional analysis required 
samples to delineate If further analysis required (i.e., concentrations exceed 
extent of Preliminary Screening Values), then evaluate exceeding 
contamination samples based on upgradient concentrations 

If MC concentrations in exceeding samples are comparable to 
upgradient concentrations, then PAOI was not source of 
contamination and no further analysis is required 
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Munitions Response Site Details 

PRELIMINARY CONCEPTUAL SITE MODEL SUMMARY REMEDIAL INVESTIGATION TECHNICAL APPROACH 

Known or Suspected 
Contamination 

Source(s) 

Potential/Susp 
ected Location 

and 
Distribution 

Source or 
Exposure 
Medium 

Current and 
Future 

Receptors 

Potentially 
Complete 

Exposure Pathway 

Investigation 
Method 

Investigation 
Location(s) 

Investigation 
Acreage/ 

Number of Samples 
Decision Rule(s) 

If MC concentrations in exceeding samples are not 
comparable to upgradient concentrations, then PAOI is 
potential source of contamination and MC risk assessment 
will be conducted for groundwater pathway 

NAME:REMAINING LANDS 
PAOI (Southeastern and 
Southwestern Undeveloped 
Areas) 

Acreage: 2,120 acres 
Suspected Past DoD Activities 

(release mechanisms): 
Unknown 

Current and Future Land Use: 
Residential, commercial/industrial 

MEC (Southeastern 
Undeveloped Area): 
Small arms ammunition 
up to .50 caliber 

MEC not 
expected 
(investigation 
based on 
impact area for 
3.25-inch 
rocket) 

Surface or 
subsurface 
soil 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, and 
site visitors 

Exposure to surface 
or subsurface MEC 

DGM and 
intrusive 
investigation 

DGM transects the 
PAOI at approx. 
500-ft spacing 
(sufficient to locate 
600-ft by 1,000-ft 
oval target area to a 
90% conf. level) (a) 

If high anomaly 
density areas 
detected, locate 100-
ft by 100-ft grid(s) 
in highest density 
portion(s) 

DGM surveys: 
Transects – ~2.4acres 
Grids – as necessary, 
based on results from 
DGM transects 
Intrusive investigation: 
Investigate all single 
point anomalies in 
grids that might be 
representative of MEC 
(intrusive investigation 
in grids only) 

If no high anomaly density areas (i.e., “target areas”) are 
identified and actual transects are established to have 90% 
confidence of locating 300-ft radius target area (a), then PAOI 
will be considered uncontaminated by MEC 
If high anomaly density areas (i.e., “target areas”) are 
identified, then locate one or more DGM grids in area(s) of 
highest anomaly density 
If any grid anomalies in a target area are MEC or related 
items, then that whole target area will be considered 
potentially MEC-contaminated 
If no grid anomalies in a target area are MEC or related items, 
then that whole target area will be considered uncontaminated 
by MEC 

MEC (Southwestern 
Undeveloped Area): 
Small arms ammunition 
up to .50 caliber 

MEC not 
expected 
(investigation 
based on 
impact area for 
2.36-inch 
rocket) 

Surface or 
subsurface 
soil 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, and 
site visitors 

Exposure to surface 
or subsurface MEC 

DGM and 
intrusive 
investigation 

DGM transects the 
PAOI at approx. 
375-ft spacing 
(sufficient to locate 
400-ft by 1,000-ft 
oval target area to a 
90% conf. level) (a) 

If high anomaly 
density areas 
detected, locate 100-
ft by 100-ft grid(s) 
in highest density 
portion(s) 

DGM surveys: 
Transects – ~9.5 acres 
Grids – as necessary, 
based on results from 
DGM transects 
Intrusive investigation: 
Investigate all single 
point anomalies in 
grids that might be 
representative of MEC 
(intrusive investigation 
in grids only) 

If no high anomaly density areas (i.e., “target areas”) are 
identified and actual transects are established to have 90% 
confidence of locating 300-ft radius target area (a), then PAOI 
will be considered uncontaminated by MEC 
If high anomaly density areas (i.e., “target areas”) are 
identified, then locate one or more DGM grids in area(s) of 
highest anomaly density 
If any grid anomalies in a target area are MEC or related 
items, then that whole target area will be considered 
potentially MEC-contaminated 
If no grid anomalies in a target area are MEC or related items, 
then that whole target area will be considered uncontaminated 
by MEC 

Munitions 
Constituents: 
Explosives and MC 
metals 
(see Munitions List table) 

Potentially 
present in soil 
in high density 
MEC areas 
only 

Surface soil 
and 
subsurface 
soil 

Residents, 
construction 
workers, 
commercial/indus 
trial workers, site 
visitors, and 
ecological 
receptors 

Exposure to MC in 
soil (incidental 
ingestion, 
dermal/root contact, 
inhalation of 
suspended 
particulates, and 
ingestion of biota) 

Collect discrete 
soil samples and 
analyze for MC; 
conduct 
sampling at 
MEC-
contaminated 
areas (if found) 

Locations of MEC-
contaminated areas 

MEC-contaminated 
areas: up to 
10 samples 
Additional discrete 
samples as necessary 
to delineate extent of 
contamination 

If no MEC-contaminated areas located in PAOI, then PAOI 
not MC-contaminated and no further analysis required 
If MEC-contaminated areas located, then collect discrete soil 
samples to evaluate presence/absence of MC contamination at 
PAOI 
If MC concentrations below Preliminary Screening Values, 
then soil not MC-contaminated and no further analysis 
required 
If MC concentrations exceed direct contact criteria or 
groundwater protection criteria (based on leachability), then 
collect additional samples to delineate extent of MC 
contamination in soil; once delineation is complete, conduct 
MC risk assessment for soil pathway 
For groundwater protection criteria, if vertical extent defined 
at soil depth less than groundwater depth, then groundwater 
samples not required; if this cannot be established, then collect 
groundwater samples (see groundwater pathway) 

Groundwater 
(not expected 

Groundwater 
(via leaching 

Residents, 
construction 

Exposure to MC in 
groundwater 

Collect discrete 
groundwater 

Existing 
groundwater wells 

Up to 5 samples (one 
from each well) 

If MC concentrations less than Preliminary Screening Values, 
then groundwater not MC-contaminated and no further 
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Munitions Response Site Details 

PRELIMINARY CONCEPTUAL SITE MODEL SUMMARY REMEDIAL INVESTIGATION TECHNICAL APPROACH 

Known or Suspected 
Contamination 

Source(s) 

Potential/Susp 
ected Location 

and 
Distribution 

Source or 
Exposure 
Medium 

Current and 
Future 

Receptors 

Potentially 
Complete 

Exposure Pathway 

Investigation 
Method 

Investigation 
Location(s) 

Investigation 
Acreage/ 

Number of Samples 
Decision Rule(s) 

but  decision 
rules provided 
to address 
possibility) 

from soil) workers, 
commercial/indus 
trial workers, and 
site visitors 

(incidental ingestion 
and dermal contact) 

samples and 
analyze for MC 

in vicinity of PAOI, 
or installed wells at 
and in vicinity of 
PAOI 

Up to 5 additional 
samples to delineate 
extent of 
contamination 

analysis required 
If further analysis required (i.e., concentrations exceed 
Preliminary Screening Values), then evaluate exceeding 
samples based on upgradient concentrations 
If MC concentrations in exceeding samples are comparable to 
upgradient concentrations, then PAOI was not source of 
contamination and no further analysis is required 
If MC concentrations in exceeding samples are not 
comparable to upgradient concentrations, then PAOI is 
potential source of contamination and MC risk assessment 
will be conducted for groundwater pathway 

ALL MUNITIONS RESPONSE 
SITES 

MC (post 
detonation): 
Explosives 

At MEC 
detonation 
locations 

Surface soil 
and 
subsurface 
soil 

Residents, 
commercial or 
industrial 
workers, site 
visitors, 
ecological 
receptors 

Exposure to MC in 
soil (incidental 
ingestion, 
dermal/root contact, 
and inhalation of 
suspended 
particulates) 

Collect discrete 
soil samples and 
analyze for MC 

MEC disposal 
locations 

One post-detonation 
sample per disposal 
location; additional 
samples as necessary 
to delineate extent 

If MC analytes are detected in post-detonation samples at 
concentrations above preliminary screening values, then 
collect additional samples to delineate extent of MC 
contamination; once delineation is complete, conduct MC risk 
assessment for soil pathway 

(a) Statistical confidence of transect traversing stipulated target size(s) will be analyzed using the Visual Sample Plan software tool. 
(b) Statistical confidences concerning MEC densities at the project site will be analyzed using the UXO Estimator software tool. 

Sources: 
1 = ASR (USACE, 1995) 
2 = Revised EE/CA Report (Parsons, 2004) 
3 = Suncoast Parkway Ordnance Removal Report (Parsons, 1999) 
4 = SSIR, Phase I (ECC, 2006) 
5 = SSIR, Phase II, Step 1 (Parsons 2008) 
6 = SSIR, Phase II, Step 2 (Parsons 2010) 
7 = Draft Final SSIR, Phase II, Step 5 (Parsons 2010) 

This space is intentionally left blank. 

DGM = Digital Geophysical Mapping 
IAR = Instrument-aided Reconnaissance 
MC = Munitions Constituents 
MD = Munitions Debris 
MEC = Munitions and Explosives of Concern 
PAOI = Potential Area of Interest 
SSIR = Site-Specific Interim Report 
VSP = Visual Sample Plan (sample design software tool) 
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With regard to MC, the preliminary CSM indicates that explosives, perchlorate (surface water and 
sediment only), and MC metals (antimony, barium, chromium, copper, iron (surface water only), lead, 
tungsten, and zinc) are potentially present in surface and subsurface soil, and surface water/sediment at 
the PAOIs. Direct release of MC from munitions activities at the site would have been to surface soil, and 
in specific locations (i.e., 2.36-inch Rocket Range 1 PAOI), to the surface water/sediment. Groundwater 
contamination is not anticipated at the project site; however as noted in Table 2.1, decision rules were 
developed to address the possibility. Potentially complete exposure pathways are present at the site that 
might result in residents, commercial/industrial workers (e.g., site workers), site visitors/recreational 
users, construction workers, and ecological receptors being exposed to MC if contamination is present. 
The status of MC exposure pathways at the former BTGR PAOIs are summarized in Table 2.1. 

The preliminary CSM for the site has been revised based on the results of the RI. The revised CSM is 
presented in subchapters 4.2 and 4.3 of this report. 

2.1.2 Project Approach 

The technical approach for this RI was based on available historic information (see subchapter 1.4) and 
was designed to evaluate potentially complete MEC and/or MC exposure pathways as identified in the 
preliminary CSM (see above). Furthermore, where such contamination was identified, the approach was 
planned to adequately characterize the nature and extent of the contamination so that possible remedial 
alternatives could be developed and assessed. The general methods used for this approach included DGM 
and analog surveys, intrusive investigation of identified geophysical anomalies, and MC sampling and 
analysis of potentially affected media. 

The specific approach for the MEC investigation at the former BTGR was developed using the 
preliminary CSM, which assumes that there is the potential for one or more areas of MEC contamination 
within the site boundary, most likely located at former range target areas, while the potential for MEC is 
low elsewhere at the site. It is further assumed that MC contamination has the potential to be co-located 
with concentrations of MEC/MD at the former range target areas (Table 2.1). As Table 2.1 demonstrates, 
the approaches for the different components of the investigation (i.e., geophysical surveys, intrusive 
investigation, and MC sampling) were developed specifically to evaluate each of the potentially complete 
exposure pathways identified in the preliminary CSM. 

The primary MEC detection method used during the investigation was DGM, though the use of handheld 
analog instruments (i.e., metal detectors) for anomaly detection was used in some areas. Geophysical 
surveys were planned to identify subsurface anomalies that might be indicative of MEC and characterize 
the density of those anomalies. Once the geophysical investigation was completed, selected anomalies 
would be intrusively investigated to characterize the nature and define the extent of MEC contamination. 
Results of these MEC investigations would be used to focus the collection of samples for the MC 
investigation. 

MC investigation of the environmental media at each PAOI was required where MEC or concentrations 
of MD were encountered. The initial medium of concern was soil and surface water and sediment, where 
a surface water body was encountered (for example, the Pond at the 2.36 Inch Rocket Range No 1). The 
number of environmental samples and QA/QC samples collected and the applicable sample collection 
procedures would be consistent with MC sampling requirements in the WP (USA 2012). MC laboratory 
analysis included explosives, metals, and perchlorate (surface water and sediment only). The laboratory 
results, upon validation, would be evaluated to determine chemical of potential concerns (COPCs). 
COPCs are defined as MC that are present in an environmental medium at concentrations greater than the 
selected human health and/or ecological screening values. Identified COPCs would be further evaluated 
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to determine the nature and extent of potential contamination and to provide sufficient data to conduct a 
risk assessment. 

COPCs would then be further assessed to evaluate whether they posed a potential risk to human health or 
the environment. Since no MEC was encountered during the RI, no soil sampling or groundwater 
sampling was performed therefore, background sampling was not warranted. In addition, there was no 
representative surface water or sediment background sampling locations. Because site-specific 
background concentrations were not available for surface soil, surface water, sediment, or groundwater, 
the selected human health and/or ecological screening values for this RI were based on selected human 
health and ecological screening values. The sources for screening values were agreed upon during the 
TPP process and are presented in Table 2.2. The selection of the PSVs is discussed further in subsection 
3.2.3. 

Table 2.2: Risk Assessment Screening Values 
Brooksville Turret Gunnery Range Remedial Investigation, Florida 

Media 
Human Health 

Screening Values 
Ecological 

Screening Values 

Soil 

More stringent of: USEPA RSLs for 
Chemical Contaminants at Superfund Sites 
for Residential Soil (1) and FDEP FAC 62-
777 Soil Cleanup Target Levels (2) (more 
stringent of the Direct Exposure Residential, 
Leachability Based on Freshwater Surface 
Water Criteria, and Leachability based on 
Groundwater Criteria) 

USEPA Region 4 Ecological Screening Values 
(3), supplemented with USEPA Region 5 
Ecological Screening Levels (4) and Los Alamos 
National Laboratory (LANL), Ecorisk Database 
(5) 

Surface water 

More stringent of USEPA RSLs for 
Chemical Contaminants at Superfund Sites 
for Tap Water (1) and FDEP FAC 62-777 
Groundwater and Surface Water Cleanup 
Target Levels (2), Freshwater Surface Water 
Criteria and FAC 62-302 Surface Water 
Quality Standards (6) (for Class I or Class III 
waters) 

More stringent of FAC 62-302 Surface Water 
Quality Standards (for Class III waters) (6) and 
USEPA Region 4 Ecological Screening Values (3) 

for Freshwater Surface Water supplemented with 
USEPA Region 3, Freshwater Screening 
Benchmarks (7), LANL Ecorisk Database (5), and 
USEPA Region 5 Ecological Screening Levels (4) 

Sediment 

More stringent of USEPA RSLs for 
Chemical Contaminants at Superfund Sites 
for Residential Soil (1) and FDEP FAC 62-
777 Soil Cleanup Target Levels (2) (more 
stringent of the Direct Exposure Residential, 
Leachability Based on Freshwater Surface 
Water Criteria, and Leachability based on 
Groundwater Criteria) 

More stringent of FDEP Sediment Quality 
Assessment Guidelines (SQAG) and USEPA 
Region 4 Ecological Screening Values (3) for 
Sediment supplemented with USEPA Region 5 
Ecological Screening Levels (4) and LANL 
Ecorisk Database (5) 

Groundwater 

More stringent of USEPA RSLs for 
Chemical Contaminants at Superfund Sites 
for Tap Water (1) and FDEP FAC 62-777 
Groundwater and Surface Water Cleanup 
Target Levels, Ground Water Criteria (2). 

Not applicable 

(1) – USEPA RSLs for Chemical Contaminants at Superfund Sites for Soil, April 2012 (http //www.epa.gov/reg3hwmd/risk/human/rb-
concentration_table/Generic_Tables/pdf/master_sl_table_run_MAY2012.pdf). 
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(2) - FDEP FAC 62-777 Soil Cleanup Target Levels, February 2005 
(http //www.dep.state.fl.us/waste/quick_topics/publications/wc/FinalGuidanceDocumentsFlowCharts_April2005/TechnicalReport2FinalFeb2005 
(Final3-28-05).pdf). 
(3) - USEPA Region 4 Ecological Screening Values, updated November 30, 2001 
(http //www.epa.gov/region4/superfund/programs/riskassess/ecolbul.html#ecoscreen) 
(4) - USEPA Region 5 Ecological Screening Levels, updated August 22, 2003 (http //www.epa.gov/Region5/waste/cars/pdfs/ecological-
screening-levels-200308.pdf) 
(5) - LANL, Ecorisk Database (Release 3.0) October 2011 (http //www.lanl.gov/environment/cleanup/ecorisk.shtml). 
(6) – FAC 62-302 Criteria for Surface Water Quality Standards, July 1, 2008 (http //www.dep.state.fl.us/water/wqssp/docs/tr_review/62-
302_530-draft-table.pdf) 
(7) - USEPA Region 3, Freshwater Screening Benchmarks, updated June 13, 2011 
(http //www.epa.gov/reg3hscd/risk/eco/btag/sbv/fw/screenbench.htm) 

The specific processes and procedures used to conduct this investigation are detailed in the approved RI 
Work Plan (USA, 2012), which was reviewed and concurred with by the TPP Team. These investigation 
methods are summarized in Chapter 3 of this RI report, while the results are presented in Chapter 4. 

2.2 PRELIMINARY REMEDIATION GOALS AND REMEDIAL ACTION OBJECTIVES 

Preliminary remediation goals are both site- and contaminant-specific and define the conditions 
considered by stakeholders to be protective of human health and the environment. There may be 
preliminary remediation goals for MEC and MC at each site evaluated during an RI. As with the CSM, 
preliminary remediation goals may be reevaluated and refined throughout the RI/FS process as new 
information becomes available. The site closeout statement recommended for the former BTGR is “To 
manage the potential MEC hazards / MC risks through a combination of remedial action, administrative 
controls, and public education thereby rendering the site as safe as reasonably possible to humans and the 
environment, and conducive to the current and anticipated future land use.” The Remedial Action 
Objectives (RAO) applicable to the MEC hazards / MC risks identified for the MRS or MRSs in Chapter 
6 and 7 will be discussed in detail in the FS portion of this RI/FS report. 

The preliminary remediation goal for MEC is based on limiting interaction between any residual MEC 
and any receptors accessing the site and, based on the recommended site closeout statement for the former 
BTGR. These are either to remove any MEC present to a depth at which they no longer present a hazard 
to the anticipated human receptors, or to implement measures that will minimize the possibility of 
receptors coming into contact with MEC at the site. 

The preliminary remediation goal for MC at the former BTGR is based on the screening values that were 
agreed to by the TPP Team as being protective of the identified exposure pathways. The preliminary 
remediation goal is to ensure that any identified MC contamination at the site determined to pose an 
unacceptable risk to human health or the environment is addressed to minimize or mitigate those risks. 

2.3 PRELIMINARY IDENTIFICATION OF APPLICABLE OR RELEVANT AND 
APPROPRIATE REQUIREMENTS AND “TO BE CONSIDERED” INFORMATION 

As amended by the 1986 Superfund Amendments and Reauthorization Act (SARA), Section 121(d)(2) of 
CERCLA requires that on-site remedial actions attain (or waive) federal and more stringent state 
applicable or relevant and appropriate requirements (ARAR) of environmental laws upon completion of 
the remedial action. The revised National Contingency Plan of 1990 (NCP) requires compliance with 
ARARs for all response actions including investigation and during remedial actions as well as at 
completion, and compels attainment of ARARs during removal actions to the extent practicable, 
considering the specifics of the situation. 

The “Applicable” portion of the term is defined as: 
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Cleanup standards, standards of control, and other substantive requirements, criteria, or 
limitations promulgated under federal environmental or state environmental or facility siting laws 
that specifically address a hazardous substance, pollutant, contaminant, remedial action, location, 
or other circumstance found at a CERCLA site. Only those state standards identified by a state in 
a timely manner and that are more stringent than federal requirements may be applicable. 

The “Relevant and Appropriate” portion of the ARAR term is defined as: 

Cleanup standards, standards of control, and other substantive requirements, criteria, or 
limitations promulgated under federal environmental or state environmental or facility siting laws 
that, while not ‘applicable’ to a hazardous substance, pollutant, contaminant, remedial action, 
location, or other circumstance at a CERCLA site, address problems or situations sufficiently 
similar to those encountered at the CERCLA site that their use is well suited to the particular site. 
Only those state standards identified by a state in a timely manner and that are more stringent 
than federal requirements may be relevant and appropriate. 

Although compliance is not required, in order to incorporate guidance and other information into the 
alternatives developed, some remedial actions identify “to be considered criteria” defined as: 

Non-promulgated advisories, criteria, and guidance are not ARARs, but may sometimes be useful 
in developing a CERCLA remedy. When this is the case, at the discretion of the lead agency, 
they can be specified as "To-Be-Considered (TBC)" criteria. TBC criteria can be taken into 
consideration during evaluation of remedial alternatives, but unlike ARARs, identification of 
TBCs is not mandatory nor is compliance with TBCs a selection criterion for a remedial action. 

Documents that are TBC are incorporated as appropriate into the RI report and not called out in a table to 
avoid confusion with the ARARs. Compliance with these documents is not required under CERCLA or 
the NCP; therefore, no tabulation is provided. 

Any substantive environmental or facility siting requirement has the potential to be an ARAR. To assist in 
identification, ARARs are divided into three categories: chemical-specific ARARs, location-specific 
ARARs, and action-specific ARARs. These three categories are defined as follows: 

Chemical-specific ARARs are promulgated health-based or risk-based numerical values that 
establish the acceptable amount or concentration of a chemical that may remain in, or be 
discharged to, the ambient environment. Where more than a requirement addressing a 
contaminant is determined to be an ARAR, the most stringent requirement should be used. Risk-
based screening levels (for example, EPA Regional Screening Levels) are not considered 
chemical-specific ARARs because they are not promulgated. 
Location-specific ARARs generally are restrictions placed on the concentration of a hazardous 
substance or the conduct of activities solely because they are in special locations. Requirements 
addressing cultural resources, historic places, floodplains, wetlands, or sensitive ecosystems and 
habitats, are potential location-specific ARARs. 
Action-specific ARARs are usually technology or activity-based requirements or limitations 
placed on actions taken with respect to remedial/removal actions, or requirements to conduct 
certain actions to address particular circumstances at a site. Regulations that dictate the design, 
construction, and operating characteristics of air stripping units, incinerators, landfills, or other 
waste management facilities are examples of action-specific ARARs. 
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ARARs are identified during the response process prior to issuance of the Record of Decision/Decision 
Document (ROD/DD), and they may continue to evolve over time. The NCP at 300.515 (d)(2) indicates 
that the lead and support agencies shall discuss potential ARARs during the scoping of the RI/FS; 
ARARs were presented in the Work Plan for the RI/FS at the former BTGR for discussion in the TPP 
process. The NCP also requires the lead agency to formally request ARARs from support agencies upon 
completion of the RI. Agency concurrence of ARARs will be part of the RI process at the former BTGR. 
For an alternative to pass into the detailed analysis stage of the RI and thus become eligible for selection, 
it must comply with its ARARs or a waiver should be identified and the justification provided for 
invoking it. An alternative that cannot comply with ARARs, or for which a waiver cannot be justified, 
should be eliminated from consideration for further discussion as a potential alternative. Updates to 
ARARs are then requested as details of remedial alternatives become known. Thus, potential ARARs are 
initially identified on a fairly broad basis, are refined to specific requirements during the latter stages of 
the remedial action, and are finalized upon signature of the ROD/DD. 

As the RI process continues, the list of ARARs will be updated, particularly as the response actions are 
selected and reviewed by state and federal agencies. ARARs will be used to establish the appropriate 
extent of site cleanup; to aid in scoping, formulating, and selecting proposed treatment technologies; and 
to govern implementation and operation of the selected remedial alternative. As the remedial action is 
developed, primary consideration should be given to remedial alternatives that attain or exceed the 
requirements of the identified ARARs. Throughout the RI, ARARs are identified and used by taking into 
account the following: 

Contaminants suspected or identified to be at the site; 
Chemical analysis performed or scheduled to be performed; 
Types of media (air, soil, groundwater, surface water, and sediment); 
Geology and other site-specific characteristics; 
Use of site resources and media; 
Potential contaminant transport mechanisms; 
Purpose and application of potential ARARs; and 
Remedial alternatives considered for site cleanup. 

Potential ARARs identified for the RI at the former BTGR are presented in Table 2.3. The Clean Water 
Act (CWA) (Section 404.33 CFR 320.4(r)) has been identified as a potential location-specific ARAR for 
sites where project activities might affect wetlands. Note that activities undertaken entirely on-site under 
CERCLA are not required to obtain permits under Section 404 of the CWA. Compliance with the 
portions of RCRA 40 CFR 264 that establish rules for storage, management, and treatment of reactive 
hazardous waste (explosives) via open burn/open detonation, have been identified as potential action-
specific ARARs at sites involving these remedial actions. If habitats of potentially identified protected 
species are discovered during field work, the work will be adapted to meet applicable requirements of the 
Endangered Species Act (USC Title 16 Chapter 35 §1538). Likewise, in order to comply with the 
referenced sections of the CWA, field work will also be conducted in a manner that protects wetlands and 
minimizes the effect on the wetlands. These regulations are potential ARARs only if a remedial action is 
conducted that might affect the specified species, habitats, or wetlands, or might require the management 
of wastes. As an example, a remedial action of instituting an education awareness program would not 
involve any impacts to the environment nor would it require the management of wastes and, therefore, 
none of the listed ARARs would be applicable to that remedial action. 
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Table 2.3 
Potential Applicable or Relevant and Appropriate Requirements 

for the Former Brooksville TGR 

Requirement 
Status / 

Action to be Taken to Attain Requirement Synopsis of Requirement 
Endangered Species Act (USC 
Title 16 chapter 35§1538) and 
Florida Admin. Code 68A-27, 
Rule 68A-27.003 

Relevant and Appropriate -
Location-Specific / 
The ESA protects federally listed 
species (fish, wildlife, and plants) 
which are either endangered or 
threatened and preserves critical 
habitat. The substantive 
requirement within the Act 
prohibits the "taking" of listed 
species (reference: 16 USC 1538) 
unless excepted (16 USC 1539). 

When evaluating remedial alternatives, consideration must be given to avoiding 
impacts to the endangered species and its habitat. A remedial alternative which 
"takes" an endangered species or destroys its habitat would not qualify for 
selection because the ESA ARAR would not be satisfied. Coordination with FWS 
and Florida Fish and Wildlife Conservation Commission (FWC) is required. 
Either a different alternative which does not affect the endangered species should 
be pursued or an exception allowing the taking of the species is needed, or a 
waiver of the ARAR is required. 

Clean Water Act, Section 404, 33 Relevant and Appropriate - Field work conducted in a manner that protects wetlands, minimizes the effect on 
CFR 320.4(r), 40 CFR 230 Location-Specific / 

Establishes rules for the protection 
of wetlands and the environment. 

the wetlands, and provides compensation for any remaining unavoidable impacts. 
USACE and FDEP review and approval process and is an important aspect of 
environmental protection relative to 40 CFR 230 that needs to be carefully 
addressed and coordinated with all concerned parties regarding potential impacts 
to on-site wetlands and the determination of whether or not an “in kind” 
replacement (on-site or off-site) would be relevant and appropriate. 

RCRA, 40 CFR 262.11 
(Hazardous Waste Identification), 
264 Subparts I (Container 
Management), X (Miscellaneous 
Units – OB/OD), and 
266.202 Subpart M – Military 
Munitions (Solid Waste 
Identification) 

Relevant and Appropriate - Action-
Specific / 
Establishes rules for identification, 
management, and treatment of 
hazardous wastes including 
container management and open 
burn / open detonation and 
management. 

Remedial actions must appropriately identify and manage investigation derived 
waste and remedial waste (that are hazardous waste) stored on-site, including 
measures such as pre-and post demolition samples to document lack of, or 
measure the amount of, MC that are released. 
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2.4 SUMMARY OF INSTITUTIONAL ANALYSIS 

Institutional analyses are prepared to support the development of institutional control strategies and plans 
of action as a munitions response alternative. These strategies rely on existing powers and authorities of 
government agencies to protect the public at large from MEC hazards and/or MC risks. 

A review of government institutions and private entities that exercise jurisdiction and ownership of the 
areas indicated that the property encompassing the former BTGR was under the varying levels of 
jurisdiction of several agencies including Hernando County, Florida; the City of Brooksville; the Florida 
Department of Environmental Protection (FDEP); and the USACE. The role of each of these agencies is 
summarized below. The Institutional Analysis Report is provided as Appendix C. 

2.4.1 Hernando County, Florida 

The former BTGR lies entirely within Hernando County. The county seat is Brooksville and its largest 
community is unincorporated Spring Hill. The county government functions serve all areas of the county, 
including functions for unincorporated portions of the county. This includes building permits, emergency 
management responsibilities, and land use controls. Emergency management function includes: Fire 
Departments, Law enforcement Agencies, and Hospitals. 

Fire Departments: 

Brooksville Fire Department 
Hernando County Fire Rescue 
Spring Hill Fire Rescue 

Law Enforcement Agencies: 

Brooksville Police Department 
Hernando County Sheriff's Office 

Hospitals: 

Brooksville Regional Hospital 
HealthSouth Rehabilitation Hospital of Spring Hill 
Oak Hill Hospital 
Spring Hill Regional Hospital 
Springbrook Hospital 

USACE maintains communication with Hernando County on work at the former BTGR. 

2.4.2 Florida Department of Environmental Protection 

The Department of Environmental Protection (FDEP) is the lead agency in Florida state government for 
environmental management and stewardship, and is one of the more diverse agencies in state government, 
protecting air, water, and land. FDEP is divided into three primary areas: Regulatory Programs, Land, and 
Recreation and Planning and Management. FDEP is responsible for enforcing compliance with Florida 
environmental regulations. Representatives from FDEP participated as part of the TPP, including 
attending meetings and reviewing and providing comments on project documents. 
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2.4.3 U.S. Army Corps of Engineers (USACE) 

USACE is the lifecycle Project Manager for the former BTGR RI/FS. USACE responsibilities include 
review of project plans and documents, obtaining rights-of-entry to properties in the work area, working 
with the news media and the public, and coordinating with federal, state, and local agencies on issues 
pertaining to implementation of this project and protection of ecological and cultural resources. Other 
responsibilities include coordinating any necessary evacuations, providing proper notifications to the 
FDEP, notifying the National Response Center and state officials in the event of a release or spill, and 
signing the hazardous waste manifests as generator of any hazardous waste. The USACE is the 
implementing agency for execution of this project, providing technical expertise for MEC and MC 
activities, and serving as the technical manager for conducting the RI/FS. 

2.5 DATA NEEDS AND DATA QUALITY OBJECTIVES 

2.5.1 Data Needs 

Data Types and Sources – To characterize the nature and extent of MEC, information would be obtained 
or collected through onsite observation/investigation and comprehensive review of historical documents. 
Data for characterization of MC would be obtained through review of previous investigation results, 
onsite observation, site-specific environmental media (soil, surface water, sediment, and groundwater), 
sampling for MC, and laboratory chemical analyses data. Previous studies of the former BTGR were 
reviewed prior to developing the RI/FS Work Plan. These studies include the INPR (CESAJ, 1985), 
Preliminary Assessment (CESAJ, 1993), Archives Search Report (CEMVR, 1995) and Engineering 
Evaluation and Cost Analysis (Parsons, 2001). Previous removal actions at the former BTGR include a 
UXO clearance of a six-mile section of the Suncoast Parkway that runs through the former BTGR 
(Parsons, 1999), NTCRA Phase I (ECC, 2006), and NTCRA Phase II (Parsons, 2010). Results of the 
previous investigations and removal actions indicate that MC may potentially be present at the site. The 
goal for MC characterization is to establish the presence or absence of MC contamination at the site 
through sampling of various media. 

Data Sufficiency – The extent of MC sampling conducted during the NTCRA Phase I and NTCRA Phase 
II was determined to be inadequate to characterize the nature and extent of MC contamination at the 
former BTGR. Data collected and included in this RI are expected to be of sufficient quality to be used in 
the assessments of risks to human health and the environment. Historical information and the RI 
investigation data indicating presence of MEC at the site, topographical data for evaluating accessibility 
factors, and other pertinent information would be reviewed to the extent that a reasonable evaluation can 
be made to determine the nature and extent of MEC and MC contamination at the site. 

Data Collection Methods – Existing data have been collected through a detailed review process of 
historical data, records, and reports and recent investigations (field survey, reconnaissance, geophysical, 
and intrusive efforts, and MC sampling) presented in the NTCRA Phase I (ECC, 2006) and NTCRA 
Phase II (Parsons, 2010) reports and through work implemented under this RI. For the RI, in addition to 
the use of existing data as applicable, data collection methods would include field operations including: 
DGM using the EM61-MKII instrument for survey and identification of geophysical anomalies, the 
Schonstedt GA52 magnetometer instrument for identification of geophysical anomalies, identification and 
selection of targets of interest for intrusive work, and intrusive investigation to identify sources of interest 
(MEC and MD) to sufficiently characterize MEC contamination at the site. 

2.5.2 Data Quality Objectives 

DQOs are qualitative and quantitative statements that specify the quality and level of data required to 
support the decision-making process for a project. Guidance for the DQO development process is 
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contained in Chapter 4 of EM 200-1-2 Technical Project Planning Process (USACE, 1998), Guidance 
for Performing Site Inspections Under CERCLA (USEPA, 1992), and Guidance on the Data Quality 
Objectives Process (USEPA, 2006). The DQOs and data needs were determined during the TPP process. 
The goal of the TPP process is to achieve stakeholder concurrence with the DQOs for a given site. The 
overall project DQOs, as developed in the initial TPP meeting held on December 15, 2010, are to obtain 
data to sufficiently characterize the nature and extent of any UXO/DMM and/or MC contamination 
present at the former BTGR PAOIs, and the evaluate any potential UXO/DMM hazards or MC risks 
related to any identified contamination. The DQOs for the former BTGR are focused on explosive 
hazards and MC related risks posed to human and ecological receptors by 2.36 Inch Rockets and other 
potential MEC items that have historically been encountered at the site. Two basic DQOs were 
established for the project: a DQO for MEC and a DQO for MC in soil, surface water, sediment, and 
groundwater. Based on the available historical information relative to operations at the former BTGR, 
specific DQOs were developed by the PDT for both the MEC and MC investigations at each PAOI, and 
these are presented in Table 2.4. In addition, measurement quality objectives (MQO) developed for the 
geophysical investigations are discussed in subchapter 2.5.3, and analytical MQOs for MC are presented 
in the Sampling Analysis Plan (Appendix E) in the Work Plan (USA, 2012). 

This space is intentionally left blank. 

Contract No. W912DY-10-D-0026; Task Order No. 0005 Page 2-19 
26 March 2013 



Final Report 
Remedial Investigation 

Brooksville Turret Gunnery Range (BTGR) 

Table 2.4 
DATA QUALITY OBJECTIVE STATEMENTS 

BROOKSVILLE TURRET GUNNERY RANGE, HERNANDO COUNTY, FLORIDA 

Munitions 
Response Site 

INTENDED DATA 
USE(S) DATA NEED REQUIREMENTS 

APPROPRIATE SAMPLING AND 
ANALYSIS METHODS 

Project Objective(s) 
Satisfied 

Data User 
Perspectiv 

e(s) 

Contaminant or 
Characteristic 

of Interest 
Identified 

Media of Interest 
Identified 

Required Sampling 
Areas or Locations and 

Depths Identified 

Amount of Sampling/ 
Number of Samples 

Required 

Reference Concentration of Interest 
or Other Performance Criteria 

Sampling Method 
Identified 

Analytical Method 
Identified 

ROCKET 
AND SCRAP 
DUMP (FISH 
POND) PAOI 

Determine 
presence/absence of 
MC contamination 

Risk (RI) 
and remedy 

(FS) 

MC 
(see Munitions 
List table) 

Surface water 
and/or sediment 

Pond within PAOI 8 samples from each 
medium 

Preliminary Screening Values for surface water/sediment will be used as 
detailed in the work plan 

Ponds in which MC analytes are not detected or are detected at 
concentrations ≤ Preliminary Screening Values will be considered 
uncontaminated by MC; ponds in which MC analytes are detected at 
concentrations > Preliminary Screening Values will be considered 
contaminated by MC (i.e., those analytes are COPCs) 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
surface water/sediment 
samples 

Analytical methods as 
described in Chapter 3 

Groundwater 
(Not anticipated) 

Existing groundwater 
wells in vicinity of 
PAOI, or installed wells 
at and in vicinity of 
PAOI; well depth to be 
determined 

Up to 5 samples (one 
from each well) 
Up to 5 additional 
samples to delineate 
extent of contamination 

Preliminary Screening Values for groundwater will be used as detailed in 
the work plan 

Criteria for contamination are identical to those for surface soil. 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
groundwater samples 

Analytical methods as 
described in Chapter 3 

SCRAP PILE 
PAOI 

Characterize nature 
and extent of MEC 
contamination 

Risk (RI) 
and remedy 
(FS) 

MEC and/or MD Surface soil IAR transects the PAOI 
at approx. 15-ft spacing; 
investigation to detection 
depth of instrument 
Physical inspection of 
any identified metal 
scrap piles greater than 
10-feet across 

IAR surveys: 
76,246 ft of transects 

Physical inspection: 
Investigate 3-ft wide 
swath through densest 
part of pile 

Areas shown to have a 90% confidence that no 20-ft dia. piles are 
present, as analyzed using VSP, will be considered uncontaminated by 
MEC 

Scrap piles in which no MEC or significant amount of MD are located in 
a 3-ft wide swath through densest part of the pile will be considered 
uncontaminated by MEC; scrap piles for which this cannot be established 
will be considered potentially contaminated by MEC 

All geophysical investigations and intrusive investigations shall achieve 
applicable MQOs as stated in work plan and confirmed/modified by 
GSV, unless MQO failures can be adequately explained and/or justified 

Decision rules are provided in Table 2.1 

IAR using Schonstedt 
GA-52Cx magnetic 
locators 

Physical inspection of 
debris by qualified 
UXO technicians 

Not applicable 
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Munitions 
Response Site 

INTENDED DATA 
USE(S) DATA NEED REQUIREMENTS 

APPROPRIATE SAMPLING AND 
ANALYSIS METHODS 

Project Objective(s) 
Satisfied 

Data User 
Perspectiv 

e(s) 

Contaminant or 
Characteristic 

of Interest 
Identified 

Media of Interest 
Identified 

Required Sampling 
Areas or Locations and 

Depths Identified 

Amount of Sampling/ 
Number of Samples 

Required 

Reference Concentration of Interest 
or Other Performance Criteria 

Sampling Method 
Identified 

Analytical Method 
Identified 

Determine 
presence/absence of 
MC contamination 

Risk (RI) MC 
(see Munitions 
List table) 

Surface soil Locations of MEC-
contaminated areas or 
random locations 
throughout PAOI; 
0-6 inch sample depth 

MEC-contaminated 
areas: up to 8 samples 

Random sampling: 
8 samples 

Additional discrete 
samples as necessary to 
delineate extent of 
contamination 

Preliminary Screening Values for soil will be used as detailed in the work 
plan 

Areas where MC analytes are not detected or are detected at 
concentrations ≤ Preliminary Screening Values will be considered 
uncontaminated by MC; areas where MC analytes are detected at 
concentrations > Preliminary Screening Values will be considered 
contaminated by MC (i.e., those analytes are COPCs) 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
soil samples 

Analytical methods as 
described in Chapter 3 

Groundwater 
(Not anticipated) 

Existing groundwater 
wells in vicinity of 
PAOI, or installed wells 
at and in vicinity of 
PAOI; well depth to be 
determined 

Up to 5 samples (one 
from each well) 
Up to 5 additional 
samples to delineate 
extent of contamination 

Preliminary Screening Values for groundwater will be used as detailed in 
the work plan 

Criteria for contamination are identical to those for surface soil. 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
groundwater samples 

Analytical methods as 
described in Chapter 3 

Characterize nature 
and extent of MC 
contamination (i.e., 
COPCs) 

Risk (RI) 
and remedy 

(FS) 

Any MC 
contaminants 
detected during 
Phase 1 

Surface and 
subsurface soil 

Discrete locations and 
depths as necessary to 
delineate extent of any 
detected COPCs 

Additional discrete soil 
samples, as necessary to 
delineate extent of any 
detected COPCs 

Preliminary Screening Values will be reviewed and revised as necessary 
to support delineation 

Delineation samples in which MC analytes are not detected or are 
detected at concentrations ≤ Preliminary Screening Values will be 
considered uncontaminated by MC and sufficient to be used for 
delineation of contamination; contamination in soil must be delineated 
laterally and vertically 

All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
soil samples 

Analytical methods as 
described in Chapter 3 
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Table 2.4, cont’d. 
DATA QUALITY OBJECTIVE STATEMENTS 

BROOKSVILLE TURRET GUNNERY RANGE, HERNANDO COUNTY, FLORIDA 

Munitions 
Response Site 

INTENDED DATA 
USE(S) DATA NEED REQUIREMENTS 

APPROPRIATE SAMPLING AND 
ANALYSIS METHODS 

Project Objective(s) 
Satisfied 

Data User 
Perspectiv 

e(s) 

Contaminant or 
Characteristic 

of Interest 
Identified 

Media of Interest 
Identified 

Required Sampling 
Areas or Locations and 

Depths Identified 

Amount of 
Sampling/Number of 

Samples Required 

Reference Concentration of Interest 
or Other Performance Criteria 

Sampling Method 
Identified 

Analytical Method 
Identified 

FIXED 
MACHINE 
GUN RANGE 
PAOI 

Characterize nature 
and extent of MEC 
contamination 

Risk (RI) 
and remedy 
(FS) 

MEC and/or MD Surface and 
subsurface soil 

Area previously 
investigated during 1999 
EE/CA 

Multiple 100-ft by 100-ft 
grids, located randomly 
throughout PAOI; 
investigation to detection 
depth of instrument 

Analog surveys: 
22.6 acres (including 
7.9 acres investigated 
during 1999 EE/CA) 
Intrusive investigation: 
Investigate all anomalies 
that might be 
representative of MEC 

Areas that are shown to have a 90% confidence that MEC density is 
< 0.1 items/acre using UXO Estimator software tool, will be considered 
uncontaminated by MEC; areas for which this cannot be established will 
be considered potentially contaminated by MEC 

All geophysical investigations and intrusive investigations shall achieve 
applicable MQOs as stated in work plan and confirmed/modified by 
GSV, unless MQO failures can be adequately explained and/or justified 

Decision rules are provided in Table 2.1 

Analog investigation 
(“mag and dig”) using 
Schonstedt GA-52Cx 
magnetic locators 

Not applicable 

Determine 
presence/absence of 
MC contamination 
(Phase 1) 

Risk (RI) MC 
(see Munitions 
List table) 

Surface soil Locations of MEC-
contaminated areas (if 
found); 0-6 inch sample 
depth 

Up to 10 discrete soil 
samples from MEC-
contaminated areas 

Preliminary Screening Values for soil will be used as detailed in the work 
plan 

Areas where MC analytes are not detected or are detected at 
concentrations ≤ Preliminary Screening Values will be considered 
uncontaminated by MC; areas where MC analytes are detected at 
concentrations > Preliminary Screening Values will be considered 
contaminated by MC (i.e., those analytes are COPCs) 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
soil samples 

Analytical methods as 
described in Chapter 3 

Groundwater 
(Not anticipated) 

Existing groundwater 
wells in vicinity of 
PAOI, or installed wells 
at and in vicinity of 
PAOI; well depth to be 
determined 

Up to 5 samples (one 
from each well) 
Up to 5 additional 
samples to delineate 
extent of contamination 

Preliminary Screening Values for groundwater will be used as detailed in 
the work plan 

Criteria for contamination are identical to those for surface soil. 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
groundwater samples 

Analytical methods as 
described in Chapter 3 

Characterize nature 
and extent of MC 
contamination (i.e., 
COPCs) 

Risk (RI) 
and remedy 

(FS) 

Any MC 
contaminants 
detected during 
Phase 1 

Surface and 
subsurface soil 

Discrete locations and 
depths as necessary to 
delineate extent of any 
detected COPCs 

Additional discrete soil 
samples, as necessary to 
delineate extent of any 
detected COPCs 

Preliminary Screening Values will be reviewed and revised as necessary 
to support delineation 

Delineation samples in which MC analytes are not detected or are 
detected at concentrations ≤ Preliminary Screening Values will be 
considered uncontaminated by MC and sufficient to be used for 
delineation of contamination; contamination in soil must be delineated 
laterally and vertically 

All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
soil samples 

Analytical methods as 
described in Chapter 3 
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Table 2.4, cont’d. 
DATA QUALITY OBJECTIVE STATEMENTS 

BROOKSVILLE TURRET GUNNERY RANGE, HERNANDO COUNTY, FLORIDA 

Munitions 
Response Site 

INTENDED DATA 
USE(S) DATA NEED REQUIREMENTS 

APPROPRIATE SAMPLING AND 
ANALYSIS METHODS 

Project Objective(s) 
Satisfied 

Data User 
Perspectiv 

e(s) 

Contaminant or 
Characteristic 

of Interest 
Identified 

Media of Interest 
Identified 

Required Sampling 
Areas or Locations and 

Depths Identified 

Amount of 
Sampling/Number of 

Samples Required 

Reference Concentration of Interest 
or Other Performance Criteria 

Sampling Method 
Identified 

Analytical Method 
Identified 

MACHINE 
GUN / 81MM 
MORTAR 
RANGE 
PAOI 

Characterize nature 
and extent of MEC 
contamination 
(Eastern and Western 
Portions) 

Risk (RI) 
and remedy 
(FS) 

MEC and/or MD Surface and 
subsurface soil 

DGM transects the area 
at approx. 420-ft spacing 
(sufficient to locate 300-
ft radius target area to a 
90% conf. level) 
If high anomaly density 
areas detected, locate 
100-ft by 100-ft grid(s) 
in highest density 
portion(s) 
Investigation to detection 
depth of instrument 

DGM surveys: 
Transects – ~13 acres 
Grids – as necessary, 
based on results from 
DGM transects 

Intrusive investigation: 
Investigate all single point 
anomalies in grids that 
might be representative of 
MEC (intrusive 
investigation in grids 
only) 

Areas shown to have a 90% confidence that no high anomaly density 
areas (i.e., “target areas”) are present, as analyzed using VSP, will be 
considered uncontaminated by MEC 

Areas where high anomaly density areas (i.e., “target areas”) are 
identified but are not MEC-related based on intrusive investigation of 
grids will be considered uncontaminated by MEC; high anomaly density 
areas that are related to MEC based on grid intrusive investigation results 
will be considered potentially contaminated by MEC 

All geophysical investigations and intrusive investigations shall achieve 
applicable MQOs as stated in work plan and confirmed/modified by 
GSV, unless MQO failures can be adequately explained and/or justified 

Decision rules are provided in Table 2.1 

DGM using 
EM61-MK2 and 
intrusive investigation 

Not applicable 

Characterize nature 
and extent of MEC 
contamination 
(Central Portion) 

Risk (RI) 
and remedy 
(FS) 

MEC and/or MD Surface and 
subsurface soil 

Multiple residential 
parcels, located 
randomly throughout 
area; investigation to 
detection depth of 
instrument 

Analog surveys: 
22.2 acres of parcels 

Intrusive investigation: 
Investigate all anomalies 
that might be 
representative of MEC 

Areas that are shown to have a 90% confidence that MEC density is 
< 0.1 items/acre using UXO Estimator software tool, will be considered 
uncontaminated by MEC; areas for which this cannot be established will 
be considered potentially contaminated by MEC 

All geophysical investigations and intrusive investigations shall achieve 
applicable MQOs as stated in work plan and confirmed/modified by 
GSV, unless MQO failures can be adequately explained and/or justified 

Decision rules are provided in Table 2.1 

Analog investigation 
(“mag and dig”) using 
Schonstedt GA-52Cx 
magnetic locators 

Not applicable 

Determine 
presence/absence of 
MC contamination 
(Phase 1) 

Risk (RI) MC 
(see Munitions 
List table) 

Surface soil Locations of MEC-
contaminated areas (if 
found); 0-6 inch sample 
depth 

Up to 10 discrete soil 
samples from MEC-
contaminated areas 

Preliminary Screening Values for soil will be used as detailed in the work 
plan 

Areas where MC analytes are not detected or are detected at 
concentrations ≤ Preliminary Screening Values will be considered 
uncontaminated by MC; areas where MC analytes are detected at 
concentrations > Preliminary Screening Values will be considered 
contaminated by MC (i.e., those analytes are COPCs) 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
soil samples 

Analytical methods as 
described in Chapter 3 

Groundwater 
(Not anticipated) 

Existing groundwater 
wells in vicinity of 
PAOI, or installed wells 
at and in vicinity of 
PAOI; well depth to be 
determined 

Up to 5 samples (one 
from each well) 
Up to 5 additional 
samples to delineate 
extent of contamination 

Preliminary Screening Values for groundwater will be used as detailed in 
the work plan 

Criteria for contamination are identical to those for surface soil. 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
groundwater samples 

Analytical methods as 
described in Chapter 3 
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Munitions 
Response Site 

INTENDED DATA 
USE(S) DATA NEED REQUIREMENTS 

APPROPRIATE SAMPLING AND 
ANALYSIS METHODS 

Project Objective(s) 
Satisfied 

Data User 
Perspectiv 

e(s) 

Contaminant or 
Characteristic 

of Interest 
Identified 

Media of Interest 
Identified 

Required Sampling 
Areas or Locations and 

Depths Identified 

Amount of 
Sampling/Number of 

Samples Required 

Reference Concentration of Interest 
or Other Performance Criteria 

Sampling Method 
Identified 

Analytical Method 
Identified 

Characterize nature 
and extent of MC 
contamination (i.e., 
COPCs) 

Risk (RI) 
and remedy 

(FS) 

Any MC 
contaminants 
detected during 
Phase 1 

Surface and 
subsurface soil 

Discrete locations and 
depths as necessary to 
delineate extent of any 
detected COPCs 

Additional discrete soil 
samples, as necessary to 
delineate extent of any 
detected COPCs 

Preliminary Screening Values will be reviewed and revised as necessary 
to support delineation 

Delineation samples in which MC analytes are not detected or are 
detected at concentrations ≤ Preliminary Screening Values will be 
considered uncontaminated by MC and sufficient to be used for 
delineation of contamination; contamination in soil must be delineated 
laterally and vertically 

All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
soil samples 

Analytical methods as 
described in Chapter 3 

2.36-INCH 
ROCKET 
RANGE 1 
PAOI 

Determine 
presence/absence of 
MC contamination 
and characterize 
nature and extent 

Risk (RI) 
and remedy 

(FS) 

MC 
(see Munitions 
List table) 

Surface water 
and/or sediment 

Pond within PAOI 8 discrete samples of each 
medium 

Preliminary Screening Values for surface water/sediment will be used as 
detailed in the work plan 

Areas where MC analytes are not detected or are detected at 
concentrations ≤ Preliminary Screening Values will be considered 
uncontaminated by MC; areas where MC analytes are detected at 
concentrations > Preliminary Screening Values will be considered 
contaminated by MC (i.e., those analytes are COPCs) 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
surface water/sediment 
samples 

Analytical methods as 
described in Chapter 3 

2.36-INCH 
ROCKET 
RANGE 2 
PAOI 

Characterize nature 
and extent of MEC 
contamination 

Risk (RI) 
and remedy 
(FS) 

MEC and/or MD Surface and 
subsurface soil 

Two DGM transects the 
uncleared area at approx. 
375-ft spacing (sufficient 
to locate 400-ft by 
1,000-ft oval target area 
to a 90% conf. level) 
If high anomaly density 
areas detected, locate 
100-ft by 100-ft grid(s) 
in highest density 
portion(s) 
Investigation to detection 
depth of instrument 

DGM surveys: 
Transects – ~1 acre 
Grids – if necessary, up to 
5 samples based on results 
from DGM transects 

Intrusive investigation: 
Investigate all single point 
anomalies in grids that 
might be representative of 
MEC (intrusive 
investigation in grids 
only) 

Areas shown to have a 90% confidence that no high anomaly density 
areas (i.e., “target areas”) are present, as analyzed using VSP, will be 
considered uncontaminated by MEC 

Areas where high anomaly density areas (i.e., “target areas”) are 
identified but are not MEC-related based on intrusive investigation of 
grids will be considered uncontaminated by MEC; high anomaly density 
areas that are related to MEC based on grid intrusive investigation results 
will be considered potentially contaminated by MEC 

All geophysical investigations and intrusive investigations shall achieve 
applicable MQOs as stated in work plan and confirmed/modified by 
GSV, unless MQO failures can be adequately explained and/or justified 

Decision rules are provided in Table 2.1 

DGM using 
EM61-MK2 and 
intrusive investigation 

Not applicable 
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Table 2.4, cont’d. 
DATA QUALITY OBJECTIVE STATEMENTS 

BROOKSVILLE TURRET GUNNERY RANGE, HERNANDO COUNTY, FLORIDA 

Munitions 
Response Site 

INTENDED DATA 
USE(S) DATA NEED REQUIREMENTS 

APPROPRIATE SAMPLING AND 
ANALYSIS METHODS 

Project Objective(s) 
Satisfied 

Data User 
Perspectiv 

e(s) 

Contaminant or 
Characteristic 

of Interest 
Identified 

Media of Interest 
Identified 

Required Sampling 
Areas or Locations and 

Depths Identified 

Amount of 
Sampling/Number of 

Samples Required 

Reference Concentration of Interest 
or Other Performance Criteria 

Sampling Method 
Identified 

Analytical Method 
Identified 

REMAINING 
LANDS PAOI 
(Northern 
Area and 
Southern 
Developed 
Area) 

Characterize nature 
and extent of MEC 
contamination 
(Northern Area) 

Risk (RI) 
and remedy 
(FS) 

MEC and/or MD Surface and 
subsurface soil 

Area previously 
investigated during 1999 
EE/CA 

Multiple 100-ft by 100-ft 
grids, located randomly 
throughout PAOI 
Investigation to detection 
depth of instrument 

Analog surveys: 
22.9 acres (including 
18.3 acres investigated 
during 1999 EE/CA) 
Intrusive investigation: 
Investigate all anomalies 
that might be 
representative of MEC 

Areas that are shown to have a 90% confidence that MEC density is 
< 0.1 items/acre using UXO Estimator software tool, will be considered 
uncontaminated by MEC; areas for which this cannot be established will 
be considered potentially contaminated by MEC 

All geophysical investigations and intrusive investigations shall achieve 
applicable MQOs as stated in work plan and confirmed/modified by 
GSV, unless MQO failures can be adequately explained and/or justified 

Decision rules are provided in Table 2.1 

Analog investigation 
(“mag and dig”) using 
Schonstedt GA-52Cx 
magnetic locators 

Not applicable 

Characterize nature 
and extent of MEC 
contamination 
(Southern Developed 
Area) 

Risk (RI) 
and remedy 
(FS) 

MEC and/or MD Surface and 
subsurface soil 

Multiple residential 
parcels, located 
randomly throughout 
PAOI 
Investigation to detection 
depth of instrument 

Analog surveys: 
22.7 acres of parcels 

Intrusive investigation: 
Investigate all anomalies 
that might be 
representative of MEC 

Areas that are shown to have a 90% confidence that MEC density is 
< 0.1 items/acre using UXO Estimator software tool, will be considered 
uncontaminated by MEC; areas for which this cannot be established will 
be considered potentially contaminated by MEC 

All geophysical investigations and intrusive investigations shall achieve 
applicable MQOs as stated in work plan and confirmed/modified by 
GSV, unless MQO failures can be adequately explained and/or justified 

Decision rules are provided in Table 2.1 

Analog investigation 
(“mag and dig”) using 
Schonstedt GA-52Cx 
magnetic locators 

Not applicable 

Determine 
presence/absence of 
MC contamination 
(Phase 1) 

Risk (RI) MC 
(see Munitions 
List table) 

Surface soil Locations of MEC-
contaminated areas (if 
found); 0-6 inch sample 
depth 

Up to 20 discrete soil 
samples from MEC-
contaminated areas 

Preliminary Screening Values for soil will be used as detailed in the work 
plan 

Areas where MC analytes are not detected or are detected at 
concentrations ≤ Preliminary Screening Values will be considered 
uncontaminated by MC; areas where MC analytes are detected at 
concentrations > Preliminary Screening Values will be considered 
contaminated by MC (i.e., those analytes are COPCs) 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
soil samples 

Analytical methods as 
described in Chapter 3 

Groundwater 
(Not anticipated) 

Existing groundwater 
wells in vicinity of 
PAOI, or installed wells 
at and in vicinity of 
PAOI; well depth to be 
determined 

Up to 5 samples (one 
from each well) 
Up to 5 additional 
samples to delineate 
extent of contamination 

Preliminary Screening Values for groundwater will be used as detailed in 
the work plan 

Criteria for contamination are identical to those for surface soil. 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
groundwater samples 

Analytical methods as 
described in Chapter 3 
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Table 2.4, cont’d. 
DATA QUALITY OBJECTIVE STATEMENTS 

BROOKSVILLE TURRET GUNNERY RANGE, HERNANDO COUNTY, FLORIDA 

Munitions 
Response Site 

INTENDED DATA 
USE(S) DATA NEED REQUIREMENTS 

APPROPRIATE SAMPLING AND 
ANALYSIS METHODS 

Project Objective(s) 
Satisfied 

Data User 
Perspectiv 

e(s) 

Contaminant or 
Characteristic 

of Interest 
Identified 

Media of Interest 
Identified 

Required Sampling 
Areas or Locations and 

Depths Identified 

Amount of 
Sampling/Number of 

Samples Required 

Reference Concentration of Interest 
or Other Performance Criteria 

Sampling Method 
Identified 

Analytical Method 
Identified 

Characterize nature 
and extent of MC 
contamination (i.e., 
COPCs) 

Risk (RI) 
and remedy 

(FS) 

Any MC 
contaminants 
detected during 
Phase 1 

Surface and 
subsurface soil 

Discrete locations and 
depths as necessary to 
delineate extent of any 
detected COPCs 

Additional discrete soil 
samples, as necessary to 
delineate extent of any 
detected COPCs 

Preliminary Screening Values will be reviewed and revised as necessary 
to support delineation 

Delineation samples in which MC analytes are not detected or are 
detected at concentrations ≤ Preliminary Screening Values will be 
considered uncontaminated by MC and sufficient to be used for 
delineation of contamination; contamination in soil must be delineated 
laterally and vertically 

All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
soil samples 

Analytical methods as 
described in Chapter 3 

REMAINING 
LANDS PAOI 
(Southeastern 
and 
Southwestern 
Undeveloped 
Areas) 

Characterize nature 
and extent of MEC 
contamination 
(Southeastern 
Undeveloped Area) 

Risk (RI) 
and remedy 
(FS) 

MEC and/or MD Surface and 
subsurface soil 

DGM transects the PAOI 
at approx. 500-ft spacing 
(sufficient to locate 600-
ft by 1,000-ft oval target 
area to a 90% conf. 
level) 
If high anomaly density 
areas detected, locate 
100-ft by 100-ft grid(s) 
in highest density 
portion(s) 
Investigation to detection 
depth of instrument 

DGM surveys: 
Transects – ~2.4 acres 
Grids – as necessary, 
based on results from 
DGM transects 

Intrusive investigation: 
Investigate all single point 
anomalies in grids that 
might be representative of 
MEC (intrusive 
investigation in grids 
only) 

Areas shown to have a 90% confidence that no high anomaly density 
areas (i.e., “target areas”) are present, as analyzed using VSP, will be 
considered uncontaminated by MEC 

Areas where high anomaly density areas (i.e., “target areas”) are 
identified but are not MEC-related based on intrusive investigation of 
grids will be considered uncontaminated by MEC; high anomaly density 
areas that are related to MEC based on grid intrusive investigation results 
will be considered potentially contaminated by MEC 

All geophysical investigations and intrusive investigations shall achieve 
applicable MQOs as stated in work plan and confirmed/modified by 
GSV, unless MQO failures can be adequately explained and/or justified 

Decision rules are provided in Table 2.1 

DGM using 
EM61-MK2 and 
intrusive investigation 

Not applicable 

Characterize nature 
and extent of MEC 
contamination 
(Southwestern 
Undeveloped Area) 

Risk (RI) 
and remedy 
(FS) 

MEC and/or MD Surface and 
subsurface soil 

DGM transects the PAOI 
at approx. 375-ft spacing 
(sufficient to locate 400-
ft by 1,000-ft oval target 
area to a 90% conf. 
level) 
If high anomaly density 
areas detected, locate 
100-ft by 100-ft grid(s) 
in highest density 
portion(s) 
Investigation to detection 
depth of instrument 

DGM surveys: 
Transects – ~9.5 acres 
Grids – as necessary, 
based on results from 
DGM transects 

Intrusive investigation: 
Investigate all single point 
anomalies in grids that 
might be representative of 
MEC (intrusive 
investigation in grids 
only) 

Areas shown to have a 90% confidence that no high anomaly density 
areas (i.e., “target areas”) are present, as analyzed using VSP, will be 
considered uncontaminated by MEC 

Areas where high anomaly density areas (i.e., “target areas”) are 
identified but are not MEC-related based on intrusive investigation of 
grids will be considered uncontaminated by MEC; high anomaly density 
areas that are related to MEC based on grid intrusive investigation results 
will be considered potentially contaminated by MEC 

All geophysical investigations and intrusive investigations shall achieve 
applicable MQOs as stated in work plan and confirmed/modified by 
GSV, unless MQO failures can be adequately explained and/or justified 

Decision rules are provided in Table 2.1 

DGM using 
EM61-MK2 and 
intrusive investigation 

Not applicable 
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Munitions 
Response Site 

INTENDED DATA 
USE(S) DATA NEED REQUIREMENTS 

APPROPRIATE SAMPLING AND 
ANALYSIS METHODS 

Project Objective(s) 
Satisfied 

Data User 
Perspectiv 

e(s) 

Contaminant or 
Characteristic 

of Interest 
Identified 

Media of Interest 
Identified 

Required Sampling 
Areas or Locations and 

Depths Identified 

Amount of 
Sampling/Number of 

Samples Required 

Reference Concentration of Interest 
or Other Performance Criteria 

Sampling Method 
Identified 

Analytical Method 
Identified 

Determine 
presence/absence of 
MC contamination 
(Phase 1) 

Risk (RI) MC 
(see Munitions 
List table) 

Surface soil Locations of MEC-
contaminated areas (if 
found); 0-6 inch sample 
depth 

Up to 20 discrete soil 
samples from MEC-
contaminated areas 

Preliminary Screening Values for soil will be used as detailed in the work 
plan 

Areas where MC analytes are not detected or are detected at 
concentrations ≤ Preliminary Screening Values will be considered 
uncontaminated by MC; areas where MC analytes are detected at 
concentrations > Preliminary Screening Values will be considered 
contaminated by MC (i.e., those analytes are COPCs) 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
soil samples 

Analytical methods as 
described in Chapter 3 

Groundwater 
(Not anticipated) 

Existing groundwater 
wells in vicinity of 
PAOI, or installed wells 
at and in vicinity of 
PAOI; well depth to be 
determined 

Up to 5 samples (one 
from each well) 
Up to 5 additional 
samples to delineate 
extent of contamination 

Preliminary Screening Values for groundwater will be used as detailed in 
the work plan 

Criteria for contamination are identical to those for surface soil. 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
groundwater samples 

Analytical methods as 
described in Chapter 3 

Characterize nature 
and extent of MC 
contamination (i.e., 
COPCs) 

Risk (RI) 
and remedy 

(FS) 

Any MC 
contaminants 
detected during 
Phase 1 

Surface and 
subsurface soil 

Discrete locations and 
depths as necessary to 
delineate extent of any 
detected COPCs 

Additional discrete soil 
samples, as necessary to 
delineate extent of any 
detected COPCs 

Preliminary Screening Values will be reviewed and revised as necessary 
to support delineation 

Delineation samples in which MC analytes are not detected or are 
detected at concentrations ≤ Preliminary Screening Values will be 
considered uncontaminated by MC and sufficient to be used for 
delineation of contamination; contamination in soil must be delineated 
laterally and vertically 

All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
soil samples 

Analytical methods as 
described in Chapter 3 
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Table 2.4, cont’d. 
DATA QUALITY OBJECTIVE STATEMENTS 

BROOKSVILLE TURRET GUNNERY RANGE, HERNANDO COUNTY, FLORIDA 

Munitions 
Response Site 

INTENDED DATA 
USE(S) DATA NEED REQUIREMENTS 

APPROPRIATE SAMPLING AND 
ANALYSIS METHODS 

Project Objective(s) 
Satisfied 

Data User 
Perspectiv 

e(s) 

Contaminant or 
Characteristic 

of Interest 
Identified 

Media of Interest 
Identified 

Required Sampling 
Areas or Locations and 

Depths Identified 

Amount of 
Sampling/Number of 

Samples Required 

Reference Concentration of Interest 
or Other Performance Criteria 

Sampling Method 
Identified 

Analytical Method 
Identified 

ALL AREAS 
(MEC 
detonation 
locations) 

Determine 
presence/absence of 
MC contamination at 
MEC detonation 
locations 

Risk (RI) Explosives Surface and 
subsurface soil 

MEC detonation 
locations; 0-6 inch 
sample depth 

One pre- and one post-
detonation sample per 
disposal location. 

Areas where MC analytes are detected in post-detonation samples at 
concentrations above pre-detonation samples and Preliminary Screening 
Values will be considered contaminated by MC (i.e., those analytes are 
COPCs). 
All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
soil samples 

Analytical methods as 
described in Chapter 3 

Characterize nature 
and extent of MC 
contamination (i.e., 
COPCs) at MEC 
detonation locations 

Risk (RI) 
and remedy 

(FS) 

Any MC 
contaminants 
detected during 
Phase 1 

Surface and/or 
subsurface soil; 
surface water; 
sediment; 
groundwater 

Discrete locations and 
depths as necessary to 
delineate extent of any 
detected COPCs 

Additional discrete 
samples, as necessary to 
delineate extent of any 
detected COPCs 

Preliminary Screening Values will be reviewed and revised as necessary 
to support delineation 

Delineation samples in which MC analytes are not detected or are 
detected at concentrations ≤ Preliminary Screening Values will be 
considered uncontaminated by MC and sufficient to be used for 
delineation of contamination; contamination in soil must be delineated 
laterally and vertically 

All sampling and analysis shall achieve applicable MQOs as stated in 
work plan, unless MQO failures can be adequately explained and/or 
justified 

Decision rules are provided in Table 2.1 

Collection of discrete 
soil samples 

Analytical methods as 
described in Chapter 3 

ALL AREAS Provide necessary 
non-measurement 
data to support 
hazard and risk 
assessments 

Risk (RI) 
and remedy 

(FS) 

Land use data, 
including 
receptor 
information and 
activities 
conducted within 
PAOI 

Not applicable Not applicable Not applicable No-measurement data will be adequate to support selection and use of 
appropriate input parameters for MEC HA and/or MC risk assessment 

Research National 
Land Cover Data 
(NLCD) or similar 
Interview 
representative land 
owners or other 
appropriate 
stakeholders 

Use best professional 
judgment where data 
unavailable 

Not applicable 
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2.5.3 Munitions and Explosives of Concern Data Quality Objectives 

2.5.3.1 Overview 

The MEC DQOs were achieved by performing a combination of analog surveys, instrument-aided 
reconnaissance, DGM, and intrusive investigation of anomalies to determine the nature and extent of 
MEC contamination. The following subsections explain the PAOI-specific MEC DQOs and how the RI 
fieldwork achieved those goals. There were no MEC DQOs applicable to the Rocket and Scrap Dump 
(Fish Pond) PAOI or the 2.36-inch Rocket Range 1 PAOI. 

2.5.3.2 Scrap Pile PAOI 

The MEC DQO applicable to the Scrap Pile PAOI was to achieve 90% confidence of traversing any 20-ft 
diameter pile of MEC-related scrap. During the Work Plan process, Visual Sample Plan (VSP) analysis 
indicated that parallel transects of IAR separated by 15 feet would meet this DQO. Field personnel met 
this VSP-designed IAR coverage requirement, and no piles were found along the IAR transects. The 
actual paths traversed by IAR were not recorded; therefore, it is not possible to calculate with VSP a more 
accurate confidence than the 90% indicated by the IAR survey design. All IAR MQOs were achieved for 
the work done in the Scrap Pile PAOI. 

2.5.3.3 Fixed Machine Gun Range PAOI 

The MEC DQO applicable to the Fixed Machine Gun Range PAOI was to achieve 90% confidence that 
the MEC density is less than 0.1 MEC per acre. To achieve this goal, a combination of Analog Removal 
and DGM was planned to cover 14.9 acres of randomly selected 100x100 ft grids in the PAOI. Due to 
ROE refusals and evacuation refusals, only 47 grids (10.81 acres) were investigated. That area plus two 
grids randomly placed within the footprint of the Suncoast Parkway removal, and 7.9 acres investigated 
during the 1999 EE/CA, totals 19.17 acres confirmed not to have MEC. Based on this work, the 
investigation achieved a 90% confidence that the MEC density is less than 0.119 MEC per acre. The 
project delivery team discussed this result prior to demobilizing the field teams and determined that it 
provides sufficient confidence to demonstrate the lack of MEC contamination at the Fixed Machine Gun 
Range PAOI. All DGM and Analog Removal MQOs were achieved for the work performed in the Fixed 
Machine Gun Range PAOI. 

2.5.3.4 Machine Gun/81mm Mortar Range PAOI 

The Machine Gun/81mm Mortar Range PAOI was divided into two sections for the RI: the densely 
populated area where transect investigations were not feasible, and the less developed area where a DGM 
transect investigation was performed. The MEC DQO applicable to the densely populated portion of the 
Machine Gun/81mm Mortar Range PAOI was to achieve 90% confidence that MEC density is less than 
0.1 MEC per acre. To achieve this goal, a combination of Analog Removal and DGM was planned to 
cover 13.0 acres of randomly selected 100x100 ft grids in the PAOI. Due to ROE refusals and evacuation 
refusals, only 75 grids (17.25 acres) were investigated. Based on this work, the investigation achieved a 
90% confidence that MEC density is less than 0.130 MEC per acre. The project delivery team discussed 
this result prior to demobilizing the field teams and determined that it provides sufficient confidence to 
demonstrate the lack of MEC contamination at the Fixed Machine Gun Range PAOI. All DGM and 
Analog Removal MQOs were achieved for the work performed in the Fixed Machine Gun Range PAOI. 

The MEC DQO applicable to the less populated portion of the Machine Gun/81mm Mortar Range PAOI 
was to achieve 90% confidence that all high anomaly density areas were located using DGM transects, 
and to determine if identified high anomaly density areas were MEC related. VSP was used to determine 
that collecting transects at 420-ft spacing would provide 90% confidence of detecting a 300-ft radius 
target area. The planned transects were surveyed in properties where ROEs were provided. USAE, 
Parsons, and USACE geophysicists evaluated the transect results and identified high anomaly density 
areas and grid locations. 
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The Transect Characterization Memo (Appendix K) explains the details of this evaluation. No MD were 
found during the intrusive investigations of DGM anomalies. One critical geophysical MQO applicable to 
the transect investigation was a VSP evaluation of the transect coverage to confirm that at least a 90% 
probability of traversal was achieved. The actual transect paths did achieve 90% probability of traversing 
the 300-ft radius circular target area used to design the transect investigation in the areas where ROEs 
were provided. The areas (10 %) where traversal was not achieved were mostly due to restricted access 
(i.e., roads, Suncoast Parkway, power line corridor). 

2.5.3.5 Remaining Lands PAOI (North) 

The MEC DQO applicable to the northern part of the Remaining Lands PAOI was to achieve 90% 
confidence that MEC density is less than 0.1 MEC per acre. To achieve this goal, a combination of 
Analog Removal and DGM was planned to cover 4.6 acres of randomly selected 100x100 ft grids in the 
PAOI. Due to ROE refusals and evacuation refusals, only 17 grids (3.91 acres) were investigated. That 
area plus18.25 acres investigated during the 1999 EE/CA, totals 22.16 acres confirmed to not have MEC. 
Based on this work the investigation has achieved a 90% confidence that MEC density is less than 0.104 
MEC per acre. The project delivery team discussed this result prior to demobilizing the field teams and 
determined that it provides sufficient confidence to demonstrate the lack of MEC contamination at the 
Fixed Machine Gun Range PAOI. All DGM and Analog Removal MQOs were achieved for the work 
performed in the northern part of the Remaining Lands PAOI. 

2.5.3.6 Remaining Lands PAOI (South) 

The southern part of the Remaining Lands PAOI was divided into two sections for the RI: the densely 
populated area where transect investigations were not feasible, and the less developed area where a DGM 
transect investigation was performed. The MEC DQO applicable to the densely populated portion was to 
achieve 90% confidence that MEC density is less than 0.1 MEC per acre. To achieve this goal, a 
combination of Analog Removal and DGM was planned to cover 22.7 acres of randomly selected 
100x100 ft grids in the PAOI. Due to ROE refusals and evacuation refusals, only 81 grids (18.63 acres) 
were investigated. Based on this work, the investigation achieved a 90% confidence that MEC density is 
less than 0.123 MEC per acre. The project delivery team discussed this result prior to demobilizing the 
field teams and determined that it provides sufficient confidence to demonstrate the lack of MEC 
contamination at the Fixed Machine Gun Range PAOI. All DGM and Analog Removal MQOs were 
achieved for the work performed in the southern part of the Remaining Lands PAOI. 

The MEC DQO applicable to the less populated portion of the southern part of the Remaining Lands 
PAOI was to achieve 90% confidence that all high anomaly density areas were located using DGM 
transects, and to determine if identified high anomaly density areas were MEC-related. VSP was used to 
determine that collecting transects at 500-ft spacing would provide 90% confidence of detecting a 600-ft 
by 1,000-ft oval target area. The planned transects were surveyed in properties where ROEs were 
provided. USAE, Parsons, and USACE geophysicists evaluated the transect results and identified high 
anomaly density areas and grid locations. The Transect Characterization Memo (Appendix K) explains 
the details of this evaluation. No MD were found during the intrusive investigations of DGM anomalies. 
One critical geophysical MQO applicable to the transect investigation was a VSP evaluation of the 
transect coverage to confirm that at least a 90% probability of traversal was achieved. The actual transect 
paths did achieve 98% probability of traversing the 600-ft by 1,000-ft oval target area used to design the 
transect investigation in the areas where ROEs were provided. The areas (2%) where traversal was not 
achieved were mostly due to restricted access (i.e., roads, Suncoast Parkway, power line corridor). 

A characterization approach, including DGM transect data collection, was implemented in portions of the 
Southern Remaining Lands and Machine Gun/81mm Mortar Range PAOIs to meet the PWS requirement 
of identifying all MEC-contaminated areas with 90 percent confidence. The transect spacing was 
determined based on the expected characteristics of a target area created during training using 2.36-inch 
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rockets or 81mm mortars. VSP software was used to determine that parallel transects spaced at 500-ft 
intervals in the Southern Remaining Lands PAOI and at 420-ft intervals in the Fixed Machine Gun/81mm 
Mortar Range PAOI would achieve a 90% chance of traversing and identifying target areas in each with 
an average anomaly density of 100 anomalies per acre above a background density of 10 anomalies per 
acre. High density areas were identified in the Southern Remaining Lands and Machine Gun / 81mm 
Range. 

For purposes of MEC characterization, 900 square meter (30 meters by 30 meters) DGM grids were 
located in each potential target area identified based on DGM transect data. DGM surveys and intrusive 
investigations in these grids were used to determine if the elevated anomaly density was related to 
munitions use. Locations of these grids were selected to be in the potential target areas on properties for 
which ROEs were granted. In some cases the transect anomalies were close to houses or fences, which 
were not considered to be appropriate locations for characterization grids. 

In the Fixed Machine Gun Range, Northern Remaining Lands, and densely populated portions of the 
Machine Gun/81mm Mortar Range and Southern Remaining Lands PAOIs, the amount of area 
investigated was determined using UXO-Estimator. UXO-Estimator is a tool designed to help support 
assumptions that an area was not used for concentrated munitions use. As such, the goal of these 
investigations was to demonstrate with 90% confidence that MEC density is less than 0.1 MEC/acre. 
However, some residents in these areas did not allow investigations on their property or refused to 
evacuate their homes, thus preventing investigation. As a result, the UXO Estimator results for these areas 
narrowly missed their DQOs (i.e., 90% confidence of less than 0.1 MEC/acre). The project team agreed to 
accept the actual UXO Estimator results of 90% confidence in slightly more than 0.1 MEC/acre (e.g., 
0.130 MEC/acre at the Machine Gun / 81 mm Range). Table 2.5 below lists the accepted actual UXO 
Estimator results per PAOI. 

2.5.3.7 Visual Sample Plan Post-Survey Analyses 

Data gaps exist in each of the PAOIs with VSP-based DQO performance objectives. Rights-of-Entry 
refusals, absentee property owners, locked gates, brush cutting, and livestock are among the factors 
contributing to less coverage than planned. However, VSP analyses confirm that performance objectives 
were met for each PAOI based on actual site access and transect patterns. Appendix O presents VSP-
produced reports of post-survey probabilities of target area traversal for the Machine Gun / 81mm Mortar 
Range (Eastern and Western Portions) and the Remaining Lands (Southeastern and Southwestern 
Undeveloped Areas). 

This space is intentionally left blank. 
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Table 2.5: Accepted Actual UXO Estimator Results per PAOI 

PAOI 
Area 
(ac) 

Investigated Area (ac) 

Visual 
Sample 

Plan 
Objective 

Visual 
Sample 

Plan Result 

UXO 
Estimator 
Objective 

UXO 
Estimator 

Result 

Previous 
Area 

Investig 
ated IAR 

Grids 
(Analog 

and 
DGM) 

Transect 
(DGM) 

2.36” 
Rocket 

Range II 
88 0.20 - - - - - - -

Scrap Pile 20 - 6.2 - - - - - -

Fixed 
Machine 

Gun 
Range 

1129 7.9 - 13.77 - - -

<0.1 
MEC/acre 
with 90% 

confidence 

<0.119 
MEC/acr 

e with 
90% 

confiden 
ce 

Remaining 
Lands -
North 

3617 18.25 - 5.51 - - -

<0.1 
MEC/acre 
with 90% 

confidence 

<0.104 
MEC/acr 

e with 
90% 

confiden 
ce 

Machine 
Gun / 
81mm 
Mortar 
Range 

538 - - 17.68 13.70 

90% 
chance of 
identifyin 
g target 

area 

95% (E 
portion) / 
93% (W 
portion) 

<0.1 
MEC/acre 
with 90% 

confidence 

<0.130 
MEC/acr 

e with 
90% 

confiden 
ce 

Remaining 
Lands – 
Southern 

Developed 

1640 - - 20.20 25.61 

90% 
chance of 
identifyin 
g target 

area 

99% (E 
portion) / 
99% (W 
portion). 

<0.1 
MEC/acre 
with 90% 

confidence 

<0.123 
MEC/acr 

e with 
90% 

confiden 
ce 

2.5.4 Munitions Constituents (Soil, Surface Water, Sediment, and Groundwater) Data Quality 
Objectives 

2.5.4.1 Overview 

The performance criteria associated with the MC DQOs described in Table 2.2 referenced and included 
the decision rules listed in Table 2.1. The primary decision rule for achieving the MC DQOs at most 
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PAOIs stated “if no MEC-contaminated areas located in PAOI, then PAOI not MC-contaminated and no 
further analysis required,” which predicated MC sampling on presence of MEC contamination (Table 
2.1). In this regard, environmental sampling was only conducted where MEC contamination was 
confirmed. If samples were collected and MC were detected exceeding the FDEP screening criteria, 
additional samples would be collected to characterize the nature and extent of contamination and then a 
phased risk assessment approach would be applied to assess risks to human health and the environment. 

As described in Chapter 4, no MEC contamination was found at the Fixed Machine Gun Range, Machine 
Gun/81 mm Mortar Range, and the Remaining Lands PAOIs. For this reason, based on the DQOs and 
associated decision rules described above, the collection of MC samples was not required at these PAOIs 
and the associated MC DQOs were achieved. There was no MC sampling planned for the 2.36 Inch 
Rocket Range No 2 so there was no MC DQO for this PAOI. 

The status of the DQOs at the three remaining PAOIs (2.36 Inch Rocket Range No 1, Rocket and Scrap 
Dump, and the Scrap Pile) are provided below. 

2.5.4.2 2.36 Inch Rocket Range 1 

MC DQOs were achieved by evaluating the potential for MC in the surface water and sediment at the 
2.36 Inch Rocket Range 1 pond where several MEC (60mm mortar, 2.36-inch rockets) and MD items 
were found nearby during the NTCRA Phase II work (Parsons, 2010). The complete list of munitions 
used at the former BTGR and the constituents of each munition are presented in Table 1.3 in Chapter 1. 
Eight surface water samples and eight soil samples were collected. Additionally, QA/QC samples were 
collected consistent with WP requirements. Samples were collected as grab samples at predetermined 
locations. Sediment samples were collected as grab samples at specific locations where surface water 
samples were collected. The TPP team agreed that each sample collected would be analyzed for 
explosives and metals and perchlorate (surface water and sediment samples only) and results would be 
evaluated using screening values from FDEP screening criteria and other relevant published 
standards/guidance, as appropriate. The screening values are discussed in detail in Chapter 3. Results of 
the MC sampling analysis of the media sampled and their comparison with screening values are addressed 
in Chapter 4 and Chapter 6. Upon review of the soil and surface water sampling results, the TPP 
determined that additional sampling, including investigation of groundwater, was not warranted. 

2.5.4.3 Rocket and Scrap Dump 

The MC DQOs were not achieved during the RI at the Rocket and Scrap Dump PAOI on the basis that 
MC investigation could not be conducted on the property because of ROE refusal. Several attempts were 
made before and during the RI field work to secure ROE to this PAOI but were not successful. 

2.5.4.4 Scrap Pile 

At the Scrap Pile PAOI, it is assumed MC DQOs were met based on the initial decision rule which 
predicated MC sampling on the presence of MEC contamination. In addition, the IAR effort did not find 
any scrap pile that met the description of the PAOI. The next decision rule requirement to collect random 
samples became nullified because no evidence of MEC or MPPEH was found during this investigation; 
therefore, there was no need to collect random samples. 

2.5.5 Departures from Planning 

The former BTGR site was sampled in accordance with the WP with the following deviations. 

Rocket and Scrap Dump (Fish Pond) PAOI Sampling 
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The planned sampling of eight surface water samples and eight sediment samples was not executed at this 
PAOI because of refusal by the property owner to sign the ROE form. Several attempts were made by the 
field team to explain the sampling process to the property owner, but the property owner still refused to 
grant access to his property. 

Parsons discussed this issue with USAE and USACE, and USACE concluded that the planned surface 
water and sediment samples could not be collected from the Rocket and Scrap Dump (Fish Pond) PAOI. 

Background sampling was included in the Work Plan (USA, 2012) to enable comparison of soil sampling 
data. However, since no MEC was encountered during the RI, soil sampling work was not performed and 
therefore, background sampling was not performed. 

As discussed in section 2.5.4.4, no evidence of the Scrap Pile was found, as well as no MEC or MPPEH; 
therefore, there was no need for random sampling as was originally planned in the Work Plan (USA, 
2012). The MC decision rule for sampling at the Scrap Pile PAOI calls for random sampling, if no MEC 
contaminated area was located in the PAOI. Upon completing investigation of the PAOI, since there was 
no evidence of the Scrap Pile, and no MEC or MPPEH was found, random sampling was not performed. 

Grid Location, Orientation, and Size 

Several grids in the WP were moved, rotated, or adjusted in the field by the site geophysicist as a result of 
various factors, including: ROE refusals, restricted access issues, power line interference, aggressive dogs 
in the area, and resident refusals or inability to evacuate their homes as a result of being within the 
exclusion zone (247-ft HFD of a grid located in the Machine Gun/81 mm Mortar Range PAOI). This 
issue was first discussed with the project team and the USACE-approved modified approach was then 
implemented to prevent data gaps due to loss of coverage and to meet the necessary DQOs. 

Incomplete Transects 

Some DGM transects were unable to be investigated due to various factors, including: ROE refusals, 
restricted access issues, power line interference, and aggressive pets (primarily, dogs) in the area. Where 
applicable, USACE agreed the transects could not be investigated. 

2.5.6 Summary 

The preliminary goals and objectives of this RI were to adequately define the nature and extent of MEC 
and MC and to sufficiently characterize and identify MEC/MC hazards at the former BTGR site, and 
assess ecological and human risks in order to complete a defensible FS. 

All geophysical surveying and intrusive investigations were conducted in the areas of the project site 
required by the WP with the exception of the cases described in subsection 2.5.5. Furthermore, all MC 
samples required by the WP were collected, analyzed, and compared with risk-based screening values 
with the exception of the Rocket and Scrap Dump (Fish Pond) PAOI where there was ROE refusal, and 
the Scrap Pile PAOI where random soil sampling was not conducted although no MEC contamination 
was found. While there were a few departures from planning documents noted during this project, these 
deviations did not prevent collection of adequate data to define the nature and extent of MEC and MC. In 
this regard, with the exceptions noted above, the DQOs were achieved for the project and the data 
collected are sufficient to characterize and identify MEC/MC hazards at the former BTGR site and to 
assess ecological and human health risks. 
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CHAPTER 3. CHARACTERIZATION OF MEC AND MC 

3.1 MEC CHARACTERIZATION 

This chapter provides details of the approach, methods, and operational procedures used for digital 
geophysical mapping and associated data processing, and intrusive investigation activities conducted for 
the characterization of MEC at the former BTGR PAOIs. Figures E-5 and E-5A in Appendix E show the 
areas investigated during the RI. The DQOs of the MEC characterization are described in subsection 
2.5.3. 

3.1.1 Instrument Standardization 

3.1.1.1 Instrumentation 

DGM data were collected using the EM61-MK2 time-domain electromagnetic sensor. Positioning was 
accomplished using a real-time kinematic (RTK) GPS. The EM61-MK2 consists of two 0.5-meter by 
1-meter coils, separated vertically by a distance of 30 cm, set on a pair of wheels such that the bottom 
coil is approximately 40cm above ground surface. The EM61-MK2 generates an electromagnetic pulse 
that triggers eddy currents in the subsurface. The decay of an eddy current produces a secondary 
magnetic field that is monitored by the receiving coil or coils within the EM61-MK2. These secondary 
magnetic fields are received as data and are stored in a data logger or field computer before being 
downloaded to a personal computer (PC) for interpretation. The EM61-MK2 data logger collects data at 
automatic time intervals determined by the user and set to about 10 times per second. The logger can be 
set to record data received from either the top coil and three different time gates from the bottom coil 
(Mode D), or from four different time gates from the bottom coil (Mode 4). For this project, the EM61-
MK2 sensors were set to Mode 4, and the top coil was not used. 

3.1.1.2 Geophysical System Verification 

A geophysical system verification (GSV) method was employed to demonstrate the functionality of the 
DGM equipment. Included in this approach was a survey over an Instrument Verification Strip (IVS). 
The location of the IVS is shown in Figure E-7, Appendix E. Data from the IVS were collected and 
analyzed daily, and the responses from the IVS were compared to minimum expected responses for each 
of the test items to verify that each EM61-MK2 sensor was functioning correctly. The locations of the 
seed items in the data were also compared to the known coordinates of those items to ensure that the 
GPS used with the system and the processing methods were functioning as intended. The results of the 
IVSs indicated that the various systems tested met the MQOs identified for the project. The IVS was 
surveyed twice daily, before and after data collection, each day that EM61 data were collected during 
the project. An IVS Letter Report was submitted during the RI, which is included in Appendix H. 

A second portion of the GSV effort used a blind seeding program that was implemented to test all 
aspects of data collection and processing as follows: 

Equipment functionality: If the data collection equipment is functioning correctly during the 
project, the response generated by each of the seed items should be greater than a minimum 
acceptable response (testing sensor functionality) and should be within a maximum distance for 
the measured location of the seed item (testing GPS functionality, as applicable). 
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Data processing: The correct use of data leveling procedures should not result in the reduction 
of seed item responses to below the minimum acceptable response, and the correct application 
of latency values should result in the correct location of selected seed items with respect to the 
measured locations. 
Target selection: As long as the seed item has a response in the collected data greater than the 
project threshold, it should be selected as a target. 

Twenty-two small ISOs were emplaced in DGM survey areas by the quality control (QC) geophysicist 
or UXOQCS. These seeds were blind to the data collection teams and to the geophysicists processing 
the collected data, so results were tracked by the QC geophysicist as data collection was performed. In 
addition to detection, the offset between the known location of the seed and the location selected in the 
data was also calculated to ensure that the measured location was within 0.65 m of the known location 
where RTK GPS was used and within 0.8 m of the known location where fiducial positioning was used. 
All seed items were detected with responses greater than the minimum acceptable response, and 
selected anomaly locations were within the required distance of their known locations. All GSV-related 
results are contained in the electronic database in Appendix K. 

3.1.1.3 Quality Control 

To ensure the quality of the geophysical data, a variety of QC tests were performed daily with the 
geophysical instruments. These tests, the objective of each test, and the acceptance criteria for each test 
are described below. The complete records of the DGM QC tests are presented in Appendix H. 

A static repeatability test was conducted each day near the IVS before the data was collected. This test 
involved collecting background data with the instrument in a static (stationary) mode for 3 minutes, 
collecting data with a small ISO attached to a PVC-pipe jig that was placed over the coil for 1 minute, 
and removing the test item and collecting data for 1 minute. These values were compared to the 
expected response values published by Environmental Security Technology Certification Program 
(ESTCP, 2009). Background and response data were also analyzed for high noise levels and/or data 
spikes, which may indicate malfunctioning equipment. 

Dynamic detection repeatability and positioning repeatability tests were conducted at the beginning of 
the day at the IVS. During the test, DGM data were collected as the instrument passed over the IVS. 
The trough response (between the double-peak) over each of the ISOs, selected from the leveled channel 
3 data, was compared with the running average response to confirm that it was at least 75% of the 
expected response value. Also, the position of the test item, from the RTK GPS positional data, was 
compared to the actual known position of the test item. The position of the trough selected from the data 
was also checked to verify it was within 0.35 m of the known location of each test item. 

3.1.1.4 Measurement Quality Objectives 

The MQOs for DGM proposed in the work plan were confirmed to be achievable based on the IVS 
results. Geophysical MQOs were met during the RI field activities. The following MQOs were 
applicable to DGM data acquisition. Exceptions are noted within applicable Root Cause Analyses 
(RCAs), included in Appendix L. 

Static Repeatability: The test item responses were all within 10% of the baseline test item 
response. 
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Along-line Measurement Spacing: Over 98% of sequential data point separations were less 
than 0.25 m for each data set. 
Velocity: Over 95% of the velocities measured between sequential data points were less than 
3.4 miles per hour for all data sets. 
Coverage: The total coverage of 100% coverage areas was more than 90% of the designed area 
of each grid. 
IVS Data Collection: The responses for each IVS item were at least 75% of the running daily 
mean responses and the peak was located within 0.35 meters of the item location as measured 
along the IVS line. 
GSV Blind Seeding: All blind seed items were detected with a response of at least 75% of the 
documented instrument response at maximum offset from the IVS and within 0.65 meters (RTK 
GPS) or 0.8 meters (fiducial positioning) of the item location. Blind seeding frequency 
requirements were not met for the first four days of grid-based DGM. As noted in the 
Corrective Action Request dated April 3, 2012, in Appendix L, the project DGM team reviewed 
all supporting DGM QC checks for the affected dates and found that all results for the daily 
static, RTK DGPS, and IVS checks were within project metrics, documenting that the 
geophysical systems were performing as designed. 
Target Selection: Anomalies meeting the selection criteria that were not caused by a known 
source were picked. 

The coverage of transects collected in the Southern Remaining Lands and Fixed Machine Gun/81mm 
Mortar Range PAOIs was evaluated using VSP. The post-survey evaluation for detecting target areas 
module determined that the actual transect paths had a 90% chance of traversing a 300-ft radius circular 
target area and a 98% chance of traversing an oval target area with principal axis of 500-ft and 200-ft. 
These calculations included all parcels for which ROEs were obtained. The majority of the locations 
where potential target areas would not have been traversed were in parcels where data could not be 
collected including (paved roads, the Suncoast Parkway, a power line corridor, and parcels with ROE 
which could not be accessed because a neighboring property owner did not provide ROE. 

3.1.1.5 Geophysical Data Processing 

Geophysical data were processed and interpreted by the following steps: 

Raw geophysical data files were transferred from the field computer to a laptop computer and 
were pre-processed using Geomars’ TrackMaker61MK2. During pre-processing, the locations 
of EM61-MK2 data are interpolated between RTK GPS coordinates. The data are then exported 
to Geosoft .XYZ format, which includes position data (including the quality of the GPS signal), 
data from each of the four EM61-MK2 channels (four bottom coil time gates), other equipment 
status information, and the data acquisition time stamp. 
The Geosoft .XYZ data files were imported into the Geosoft Oasis Montaj geophysical data 
processing environment. Once in Oasis, the coordinates for the data were converted to the 
project coordinate system and units (WGS 1984, UTM Zone 17N, meters), the four channels 
were leveled using a 15-second long de-median filter to level each individual time gate. Leveled 
Channel 3 was the primary time gate used. 
Vegetation occasionally interfered with radio signal and satellite coverage, resulting in lower-
quality RTK GPS. The processing geophysicist monitored the quality of RTK GPS data to 
confirm that an RTK fix was maintained during grid data collection. 
The QC data for each instrument and team day were evaluated by the project geophysicist for 
compliance with requirements specified in the work plan. The processing geophysicist further 
evaluated the results of the daily latency tests and applied these latency values per team day to 
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transect datasets. This process corrects the delays between the electronics of the EM61-MK2 
and the processing of the data on the data logger. 
After a latency value had been applied to a dataset, the geophysicist gridded the leveled Channel 
3 data within Oasis for grid datasets. The gridded leveled channel 3 data were then displayed on 
a map with an appropriate color scale to present the range of response (typically -2 mV to 
7 mV). Gridded data and maps as well as the individual profiles of the data were evaluated to 
determine if they were consistent with the known site conditions and whether the data met 
MQOs. 

Anomaly Selection and Dig Sheet Development 

A Channel 3 threshold of 3mV was used in grids based on the smallest item possibly present at the site 
(37mm projectile). The processor used a Geosoft UX-Detect™ Blakely algorithm to automatically 
select anomalies with leveled Channel 3 amplitudes of 3mV or greater. Additional anomalies were 
selected manually to ensure the Geosoft algorithm had not missed selecting any valid anomalies. All 
Anomalies selected in grids were assigned for intrusive investigation and transferred to handheld 
GeoXHs for the intrusive teams. The GeoXHs and anomaly datasheets contained intrusive forms for 
each dig for the information to be recorded. 

Anomalies selected along transects were identified using the Geosoft pick peaks along profile GX. A 
10mV selection threshold was used along the transects. This value was selected based on the results of 
the 2.36-inch rocket range removal action to detect most munitions related items while minimizing the 
number of anomalies caused by other metallic sources. 

3.1.2 Geophysical Investigation 

This section provides details of the approach, methods, and operational procedures for the geophysical 
surveying and associated data processing. 

3.1.2.1 DGM Transect Design 

A characterization approach including DGM transect data collection was selected for portions of the 
Southern Remaining Lands and Fixed Machine Gun/81mm Mortar Range PAOIs in order to meet the 
PWS requirement of identifying all MEC-contaminated areas with 90 percent confidence. The transect 
spacing was determined based on the expected characteristics of a target area created during training 
using 2.36-inch rockets or 81mm mortars. Visual Sample Plan (VSP) software was used to determine 
that parallel transects spaced at 500-ft intervals in the Southern Remaining Lands PAOI and at 420-ft 
intervals in the Fixed Machine Gun/81mm Mortar Range PAOI would achieve that goal for target areas 
with an average anomaly density of 100 anomalies per acre above a background density of 10 anomalies 
per acre. 

3.1.2.2 DGM Transect Data Collection and Processing 

DGM data were collected along transects in the Southern Remaining Lands and Fixed Machine 
Gun/81mm Mortar Range PAOIs as described in the approved Work Plan. These datasets were 
processed and anomalies were selected in order to identify areas with elevated anomaly density. 
Anomalies detected along the transects were evaluated against recorded field observations and 
photographs to determine if they were caused by visible metal items unrelated to munitions (“other 
debris”), and anomalies that were clearly the result of such sources were removed from the anomaly list. 
Also, anomalies which fell outside the decay range described in the approved Work Plan (261-976 
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microseconds between channels 2 and 3) as typical for the type of munitions expected at the site were 
removed from the list. Anomalies crossed multiple times by the DGM team were consolidated to a 
single anomaly. 

3.1.2.3 Visual Sample Plan Anomaly Density Analysis 

After completing the anomaly selection, the list of anomalies and transect paths were exported from the 
Geosoft data processing environment to text files compatible with VSP. The Geo-statistical Mapping of 
Anomaly Density module within VSP was used to create an anomaly density map of the area covered 
by the transects. High density areas were identified with the “Locate and Mark UXO Target Areas 
Based on Anomaly Density” module. Areas with 90 percent confidence that the anomaly density is 
above background were flagged as high density. The background anomaly density value was calculated 
by dividing the total number of anomalies detected along the remaining lands transects by the area 
covered by those transects. 

3.1.2.4 Location of Characterization Grids 

For purposes of MEC characterization, 900 square meter (30 meters by 30 meters) DGM grids were 
located in each of the potential target areas. DGM surveys and subsequent intrusive investigations in 
these grids were used to determine if the elevated anomaly density is related to munitions use. The 
locations of these grids were selected to be in the potential target areas on properties for which right-of-
entry (ROE) was granted. Where possible, grid locations were selected to include identified transect 
anomalies and as well as being in open areas where RTK GPS provided higher quality positioning. In 
some cases the transect anomalies were close to houses or fences, which were not considered to be 
appropriate locations for characterization grids. Grid locations were not selected in two high-density 
areas because the transect survey team could not identify appropriate locations for the characterization 
grids. 

3.1.3 Intrusive and Reacquisition Field Procedures 

3.1.3.1 Staffing and Responsibilities 

Three intrusive teams (Team 1, Team 2, and Team 3) were used for this work. Each intrusive 
investigation team was composed of five personnel (a UXO Technician III – Team Leader, two UXO 
Technician IIs, and two UXO Technician Is). The team leader’s responsibilities included acting as the 
safety observer, overall direction of the team, and transmission of information to the command post 
located at the field office on Cortez Boulevard via radio communication. The field office was equipped 
with all communication and support facilities (phones, internet service, fax, printer, computer, and 
toilets) for the crew. The field office also stored all field instruments, equipment, and materials. The 
following paragraphs describe the equipment and procedures used by the intrusive teams during the 
NTCRA. 

3.1.3.2 Site Safety 

All site personnel were provided a daily safety briefing by the site safety and health officer (SSHO), 
with input from the Site Manager and the USAESCH ordnance and explosives safety specialist (OESS). 
The daily briefings included any recent developments in the ongoing work and additional concerns for 
safety. 

Contract No. W912DY-10-D-0026; Task Order No. 0005 Page 3-5 
26 March 2013 



Final Report 
Remedial Investigation 

Brooksville Turret Gunnery Range (BTGR) 

3.1.3.3 Reacquisition of Targets 

The Reacquisition phase of the project took place between March 13 and April 23, 2012. Two team 
members were assigned the task of locating the target positions, and one of the two persons was in 
charge of an EM61-MKII. The procedure for locating the anomalies involved another team member 
operating a Trimble R8 RTK GPS with the anomaly locations loaded to the Trimble datalogger. Analog 
methods were used in close proximity to buildings, fences, and other permanent metal structures, to 
clear the area within at least 10 feet of the structure, or to the best capability of the analog instruments. 

3.1.3.4 Intrusive Investigation 

The exclusion zone (EZ) for the RI was defined as the munition with the greatest fragmentation distance 
(MGFD). 

The former BTGR has been delineated into eight separate areas (Area A, B, C, D1, D2, D3, E and F) 
since the ASR was conducted (Figure E-1, Appendix E). In accordance with the ESP in the Work Plan 
(USA, 2012) Remaining Land Areas A, B, C, D2, E and F were investigated without MGFDs (Figure E-
6A, Appendix E). The Munitions with the Greatest Fragmentation Distance (MGFD) selected for the .50 
Caliber Moving Target Range and the 81 mm Mortar Range is the mortar, 81mm, M362A1 (Figure E-
6B, Appendix B). The MGFD selected for area D1 is the mortar, 60mm, M49A5 (Figure E-6C, 
Appendix E). The MGFD selected for area D3 is the 2.36-in M6A3 rocket. The MGFDs are based on 
the most accurate information possible from past discoveries within each area. 

The team leader was responsible for recording all information from each dig in either a personal digital 
assistant (PDA), or a manually entered worksheet. The PDAs were used as the primary method of 
recording intrusive results. Hand notes were only used once in order to compare the effectiveness of the 
PDAs. 

At the end of each day, the data from the team leader was turned over to the site geophysicist. The site 
geophysicist would then sync the PDAs with the project database and perform an initial QC of the data 
transfer. The site geophysicist or project geophysicist would then analyze the results for operator errors, 
as well as “no contacts” or inconsistent intrusive results. Occasionally the site geophysicist requested 
the intrusive teams to return to certain targets for reasons such as a “no contact” occurrence at a target 
that originally showed a high response. The complete table of dig results can be viewed in Appendix I. 

One of the most prevalent problems during this phase of the project was the evacuation of residents in 
the neighborhood that encompassed the site. Although most were cooperative and miniature open front 
barricade (MOFB) was used at some parcels, some grids were not investigated due to evacuation 
refusals. 

Another issue related to intrusive operations in a residential area was the amount of cultural clutter. In 
some cases this clutter was not easily moveable, as with many of the grids that were added in high 
anomaly density areas. Parsons was not tasked with removal of material such as this; thus, if the cultural 
debris items were large and/or numerous, they were left in place. 

3.1.3.5 Staffing and Responsibilities 

Communications and contacts with the public were under the direction of U.S. Army Corps of 
Engineers Jacksonville District (CESAJ). CESAJ delegated public relations tasks to their public 
relations contractor Concurrent Technologies Corporation (CTC) and requests were communicated 
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through USA to the Parsons site resident coordinator at the project site. News releases and newspaper 
articles are provided in Appendix M. 

3.1.3.6 Resident Coordination Overview 

The safety of the residents was a top priority for this project. This concern was addressed in two ways: 
timely distribution of information to the residents and an evacuation plan that removed residents from 
areas of potential danger. Evacuations were coordinated during intrusive work for residents whose 
homes were located within the 247-ft HFD safety buffer (otherwise referred to as the EZ) of the 
Machine Gun/81mm Mortar Range PAOI. Keeping residents informed of the process and progress of 
the brush clearing activities, DGM, and intrusive work was essential to encouraging resident 
cooperation with the evacuation effort. Information was distributed in multiple ways, including a public 
workshop conducted several months before start up of the field work, news release, newspaper ad, 
mailings, phone calls to residents, door hangers and communications  with property managers of the two 
major residential communities (Brookridge and Highpoint). 

3The master list for the RI of all of the parcels within the former BTGR site boundary (approximately 
1,700 parcels) was provided by CESAJ and CTC site resident and included the parcel key, names, 
addresses, telephone numbers, and whether the resident signed a right-of-entry (ROE) form to grant 
USACE’s contractors permission to work on their properties. As new information was obtained on 
parcels, site resident the master list was updated with current contact information including changes in 
property ownership, current renters or property management contacts and cell phone numbers. 

The RI involved hundreds of residents that were affected by the evacuation effort, most notably in the 
densely populated northern portion of the Brookridge Subdivision. Personal one-on-one communication 
with the residents seemed to work the best, especially when schedule changes needed to occur on an 
almost last minute basis. The resident coordination effort required the collection of work schedules, 
doctor appointments, school bus pick up and drop off times, lack of transportation and limited mobility, 
pets, handicaps and other health-related issues. Information obtained was kept confidential and only 
shared with team members assigned to work on the parcels. 

3.1.3.7 Brush Clearing Work – Resident Coordinating Process 

A letter notifying residents of the upcoming RI field activities was mailed by CTC on behalf of USACE 
at approximately the same time brush clearing work started at the former BTGR. The letter explained 
that residents may have to leave their homes at some point during the investigation, but they will be 
notified in advance of an impending evacuation. Starting approximately the week of February 27, 2012, 
phone calls were made 2 days in advance by the site resident coordinator directly to property owners 
whose properties required brush clearing. These phone calls were necessary in order to arrange for 
property owners to leave their gates open or unlocked and to make sure their pets were inside the home 
or secured. 

One problem identified at this time was that some of the property owner’s names, addresses, and 
telephone numbers were either incorrect, out-of-date, or unlisted on the master list. Each affected parcel 
was researched by the site resident coordinator to confirm and update applicable owner information. 
The White Pages website (www.whitepages.com) and the Hernando County Property Appraiser Record 
Search and GIS Mapping System (http://g2.hernando.floridapa.com/GIS/Search_F 
.asp?REFERER=http://www.co.hernando.fl.us/tc/propertysearch.htm) were used extensively by the site 
resident coordinator to verify and update applicable owner information. If the property owner’s contact 
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information still could not be identified using these resources, as a last resort measure, a member of the 
brush clearing team would knock on the resident’s door (if the parcel had a residence on it) and notify 
he or she directly of the brush clearing activities and remind them of the ROE they had signed granting 
access to their property. If the property owner that answered the door was a new property owner, the 
brush clearing team was equipped with blank ROE forms provided by CESAJ for the new property 
owner to sign. If the new property owner refused to sign the ROE, the parcel was not brush cleared and 
was no longer subject to further investigation. 

A tracking process was implemented by the site resident coordinator to record and organize contacts 
with residents. If a resident refused to sign an ROE from the field team, the refusal to sign an ROE was 
recorded in the master list of former BTGR residents and the property was then marked with a color-
coded sticker on one of the large site maps in the field office to prevent additional disturbances to the 
property owner during future phases of work such as DGM and intrusive activities. Each ROE refusal 
was communicated up the chain to CESAJ. 

3.1.3.8 DGM Work – Resident Coordination Process 

Approximately 2 days before the DGM work was scheduled to take place on properties identified by the 
site manager, a door hanger was distributed to the properties affected. The door hanger informed the 
property owner that a metal detection survey was going to be performed on their property and it also 
asked that gates be left open or unlocked and for pets to be secured. The door hanger also contained the 
telephone number to the FUDS hotline, managed and operated by CTC, that residents could call should 
they have questions or concerns. The door hanger used for DGM work is Figure 1 in Appendix M. 

One problem identified at this time was that some of the properties were vacant lots and there were 
fences with locked gates preventing access to the parcel. When the DGM team encountered this 
problem, they notified the site resident coordinator of the parcel in question and the site resident 
coordinator would then attempt to call the property owner directly to arrange access to the parcel at a 
later time. 

3.1.3.9 Intrusive Work Outside of the Exclusion Zone (No Evacuations) – Resident Coordination 
Process 

Approximately 2 days before intrusive work outside of the exclusion zone was scheduled to begin on 
properties identified by the site manager, a door hanger was distributed to the properties affected. The 
door hanger informed the property owner that crews from Parsons and USA Environmental would be 
digging for munitions in their yard, but they did not have to leave their homes while crews were 
working. The door hanger asked that gates were left open or unlocked and pets were secured. The door 
hanger also contained the telephone number to the FUDS hotline, managed and operated by CTC, which 
residents could call should they have questions or concerns. The door hanger used for intrusive work 
that did not require resident evacuations is Figure 2 in Appendix M. 

3.1.3.10 Intrusive Work Inside of the Exclusion Zone (Evacuation Necessary) – Resident 
Coordination Process 

Approximately 2 weeks before intrusive activities were to take place on properties predetermined by the 
site manager, a phone call was made to the residents affected by either CTC personnel or the site 
resident coordinator to inform them they are being asked to evacuate their home between the hours of 
8am and 5pm on a certain day. CTC or the site resident coordinator would note any special needs or 
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accommodations that the evacuated residents would need during their time away from home. Residents 
were informed that during their time away from home, they could go to the Quality Inn in Brooksville. 
The Quality Inn in Brooksville was used as the hospitality center during this project. Once the resident 
informed CTC or the site resident coordinator that they required a room, CTC or the site resident 
coordinator would call the Quality Inn to make the reservation. Confirmation numbers for each 
reservation made were recorded on the master list of residents. Rooms were available any resident 
needed a place to stay during the evacuation period, which included hotel amenities such as wireless 
internet and the hotel’s pool. Handicapped and pet rooms were available as needed. Food and beverages 
were delivered by a local vendor to the Quality Inn lunch room based on a daily order placed by the site 
resident coordinator. Even residents that evacuated, but did not need a room at the hotel could stop in 
for lunch at their convenience. In many cases, the catered lunch was the main reason some residents 
agreed to leave their homes at all. The site resident coordinator was at the Quality Inn during lunchtime 
everyday to ensure that the food arrived on time and to address any resident questions or concerns. A 
list of rooms used for evacuation purposes, along with roundtrip rides needed, and how many evacuated 
residents came to the Quality Inn for lunch is provided in Table M.1 in Appendix M. 

Several problems were encountered while CTC personnel and the site resident coordinator attempted to 
call residents that were being asked to evacuate. The vast majority of the residents with homes within 
the EZ were located in the Brookridge Subdivision, a densely populated retirement community. Many of 
the residents were elderly, ill, or had mobility problems. CTC and the site resident coordinator worked 
to accommodate these residents by arranging transportation to the Quality Inn or shortening the duration 
of time they needed to be away from home, but leaving enough time for the field teams to work. 

When CTC and the site resident coordinator advised residents to evacuate, they encountered problems 
such as, (1) many residents did not answer their phones; (2) some residents did not have answering 
machines; or (3) if they did have voicemail capabilities, they did not respond to the request to call the 
FUDS hotline. Accordingly, some residents did not receive the notices about the pending evacuation. 

Because of the problem stated above, approximately 2 days before intrusive activities were to take 
place, the site resident coordinator distributed door hangers to all of the residents that were being asked 
to evacuate in case some could not be reached via telephone. The door hanger asked that resident be 
away from home between the hours of 8am to 5pm on a certain day. The door hanger also contained the 
telephone number to the FUDS hotline, managed and operated by CTC, which residents could call 
should they have questions or concerns. The door hanger used for intrusive work that required resident 
evacuations is Figure 3 in Appendix M. 

One of the problems that occurred when the evacuation door hangers were distributed was the FUDS 
hotline was inundated with calls from residents with last minute special needs or accommodations due 
to the nature of the community. In certain cases, some residents could not evacuate at all or refused to 
evacuate. During these instances, the field crew could not investigate areas or grids within 247 ft of the 
residents that could not or would not leave their homes for any length of time. As an option, alternate 
locations where evacuation of residents was possible were selected and investigated. 

3.1.3.11 Summary 

Most residents were cooperative and understanding about the Military Munitions Response Program. 
Many residents were already acquainted with the program through previous removal actions. Some 
miscommunications and other problems did occur based on the large quantity of residents asked to 
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evacuate everyday (between 50 and 60 properties), but all were worked out in a timely manner. A 
number of residents even called the FUDS hotline after having to evacuate their homes with kind words 
regarding their experiences speaking with CTC personnel and the site resident coordinator. Many 
residents were pleased that concern was shown for their safety, and although they were understanding, 
many residents were also unhappy with the inconvenience due to something they felt should have been 
dealt with long ago. 

3.2 MC CHARACTERIZATION 

The MC characterization tasks performed during this RI included surface water and sediment sampling 
at the 2.36-inch Rocket Range 1 PAOI, chemical laboratory analyses and evaluation of laboratory 
results. Sampling was required where MEC and concentration of MD were encountered. Samples were 
not collected at the following PAOIs during this RI: Rocket and Scrap Dump (Fish Pond) PAOI, Scrap 
Pile PAOI, Fixed Machine Gun Range PAOI, Machine Gun/ 81mm Mortar Range PAOI, 2.36-inch 
Rocket Range 2 PAOI, or the Remaining Lands PAOI. Specifically, samples were not collected at the 
Rocket and Scrap Dump (Fish Pond) PAOI because of ROE refusal and samples were not collected at 
the other PAOIs because no MEC was encountered at these PAOIs during the RI investigation. The MC 
characterization methods performed at the 2.36-inch Rocket Range 1 PAOI are described in the 
following subchapters. 

3.2.1 Purpose of MC Sampling Activities 

As described in Subchapter 3.1, the primary objective of the RI with regard to MC was to first 
determine if there was evidence of a release of MC to the environment (i.e., to identify COPCs) and 
then to characterize the nature and extent of any COPCs found to be present at the former BTGR PAOIs 
resulting from past military use of the site. The data obtained during the investigation would be used to 
assess whether the COPCs present pose a potential risk to human health and the environment and, 
therefore, should be considered to be COCs. The intent of this characterization is to determine if there is 
a need for remedial response due to MC and, if so, to provide the required information for the 
development and evaluation of any necessary response alternatives. Successful execution of the 
sampling program achieves the sampling and analysis component of the Work Plan (USA, 2012) for this 
project. 

For purposes of this RI, “Preliminary COPCs” are those chemical contaminants that may be present at 
the site, based on historical munitions-related activities conducted at the site. Preliminary COPCs are 
selected for analysis, but have not yet been analyzed and evaluated. For this site, the preliminary COPCs 
are explosives, perchlorate, antimony, barium, copper, iron (for water only), lead, and, zinc. “COPCs” 
are defined as any preliminary COPCs that are present at concentrations above the PSVs (subsection 
3.2.3). “COCs” are defined as the COPCs that are present at sufficient concentrations to pose a risk to 
human health or the environment requiring remedial action. 

To achieve these objectives, surface water and sediment samples were collected from the pond located 
within the 2.36-inch Rocket Range 1 PAOI, at locations described in the Work Plan (USA, 2012). The 
surface water and sediment sampling locations are depicted on Figure E-9 in Appendix E. No other 
surface water or sediment sampling was performed. Neither soil nor groundwater samples were 
collected during the RI. All samples were collected in accordance with the approved Work Plan (USA, 
2012). 
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3.2.2 Overview 

The MC sampling and analysis was planned to be performed in two phases. The objective of the Phase 1 
sampling was to determine whether any MC were released to the environment as a result of munitions-
related activities, resulting in MC contamination (i.e., presence of COPCs). The objective of Phase 2 
was to define the nature and extent of any COPCs detected, and evaluate whether any of the COPCs are 
present at concentrations that makes them COCs; however, Phase 2 sampling was determined by the 
Project Team to be unnecessary. Surface water and sediment samples were collected during this RI 
within the 2.36-inch Rocket Range 1 PAOI pond to detect the presence or the impact of MC 
contamination to this surface water feature. 

Based on historical munitions that are potentially present at the 2.36-inch Rocket Range 1 PAOI (Table 
2.3), the preliminary COPCs analyzed were explosives (Method SW8330B); the MC metals antimony, 
barium, copper, lead, and zinc (Method SW6010B); and perchlorate (Method SW6850). The surface 
water samples were additionally analyzed for iron (Method SW6010B). 

3.2.3 Preliminary Screening Values 

For this RI/FS, the screening values were selected as described in the approved RI work plan and after 
consideration of the relevant background concentrations, human health screening values, and ecological 
screening values. Site-specific background concentrations were not available for this RI, so the 
screening values consist of the following: for human health, the screening values are the most 
conservative of the media-specific USEPA and FDEP Florida Administrative Code 62-777 screening 
levels; and for ecological receptors, the ecological screening values are the most conservative of the 
USEPA Region IV ecological screening levels and media-specific FDEP ecological screening levels. 
The screening values for the 2.36-inch Rocket Range 1 PAOI are presented in Tables 3.1a (sediment) 
and 3.1b (surface water). 

Values detected in the range between Limit of Detection (LOD) and the Limit of Quantitation (LOQ) 
were reported as “estimated” values (J flagged) and were used for risk screening evaluations. Any U-
flagged value is treated as “not detected,” and is assumed not present in the sample. In some cases, the 
LOD is greater than the screening value. This is common in some analyses due to sample preparation 
and analytical limitations. This could lead to a situation where the analyte is present at a concentration 
greater than the screening value, but is reported as "not detected or estimated" leading to an 
underestimate of risk. However, based on the extensive data collected for the MMRP, such occasions 
are expected to be rare and are not likely to drive the recommendation for the RI. 
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Table 3.1a 
Human Health and Ecological Screening Values for Sediment 

Brooksville Turret Gunnery Range Remedial Investigation, Florida 

Human Health Screening Values 
(mg/kg) (1) 

Ecological Screening Values 
(mg/kg) (2) 

APPL (3) 

Analyte Abbreviation CAS # 

Florida 
Administrative 
Code 62-777 (4) 

USEPA Regional 
Screening Levels 

(RSL) for 
Residential Soil (5) 

Florida DEP 
Sediment 
Quality 

Assessment 
Guidelines (6) 

USEPA Region 4 
Ecological 

Screening Values 
for Sediment (7) 

Limit of 
Quantitation 

(LOQ) (mg/kg) 

Limit of 
Detection 

(LOD) 
(mg/kg) 

Total Metals – SW6010C 

Antimony Sb 7440-36-0 5.4 31 - - 12 0.50 0.40 

Barium Ba 7440-39-3 120 15,000 20 150 (8) 0.50 0.40 

Copper Cu 7440-50-8 150 3,100 32 19 0.50 0.40 

Lead Pb 7439-92-1 400 400 36 30 0.50 0. 40 

Zinc Zn 7440-66-6 26,000 23,000 120 124 5.0 4.0 

Perchlorate – SW6850 

Perchlorate ClO4- 14797-73-0 -- 55 -- -- 0.0060 0.0040 

Explosives – SW8330B 

1,3,5-Trinitrobenzene 1,3,5-TNB 99-35-4 0.09 2,200 - - 1,300 (8) 0.50 0.20 

1,3-Dinitrobenzene 1,3-DNB 99-65-0 0.004 6.1 - - 0.0086 (9) 0.45 0.20 

2,4,6-Trinitrotoluene 2,4,6-TNT 118-96-7 0.006 19 - - 420 (8) 0.50 0.20 

2,4-Dinitrotoluene 2,4-DNT 121-14-2 0.0004 1.6 - - 0.014 (9) 0.50 0.20 

2,6-Dinitrotoluene 2,6-DNT 606-20-2 0.0004 61 - - 0.040 (9) 0.50 0.20 

2-Amino-4,6-dinitrotoluene 2-Am-DNT 35572-78-2 - - 150 - - 34 (8) 0.50 0.20 

2-Nitrotoluene 
(o-nitrotoluene) 2-NT 88-72-2 0.9 2.9 - - 28 (8) 

0.50 0.20 
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Table 3.1a 
Human Health and Ecological Screening Values for Sediment 

Brooksville Turret Gunnery Range Remedial Investigation, Florida 

Human Health Screening Values 
(mg/kg) (1) 

Ecological Screening Values 
(mg/kg) (2) 

APPL (3) 

Analyte Abbreviation CAS # 

Florida 
Administrative 
Code 62-777 (4) 

USEPA Regional 
Screening Levels 

(RSL) for 
Residential Soil (5) 

Florida DEP 
Sediment 
Quality 

Assessment 
Guidelines (6) 

USEPA Region 4 
Ecological 

Screening Values 
for Sediment (7) 

Limit of 
Quantitation 

(LOQ) (mg/kg) 

Limit of 
Detection 

(LOD) 
(mg/kg) 

3-Nitrotoluene 
(m-nitrotoluene) 3-NT 99-08-1 1.4 6.1 - - 24 (8) 

0.50 0.20 

4-Amino-2,6-dinitrotoluene 4-Am-DNT 19406-51-0 - - 150 - - 9.5 (8) 0.50 0.20 

4-Nitrotoluene 
(p-nitrotoluene) 4-NT 99-99-0 0.9 30 - - 52 (8) 

0.50 0.20 

Hexahydro-1,3,5-trinitro-
1,3,5-triazine RDX 121-82-4 0.002 5.6 - - 45 (8) 

0.50 0.20 

Methyl-2,4,6-
trinitrophenylnitramine Tetryl 479-45-8 1.4 240 - - 100 (8) 

0.50 0.20 

Nitrobenzene NB 98-95-3 0.02 4.8 - - 0.15 (9) 0.50 0.20 

Nitroglycerin NG 55-63-0 0.03 6.1 - - 1,700 (8) 0.50 0.20 

Octahydro-1,3,5,7-tetranitro-
1,3,5,7-tetrazocine HMX 2691-41-0 - - 3,800 - - 27,000 (8) 

0.50 0.20 

Pentaerythritol Tetranitrate PETN 78-11-5 - - 120 - - 1,400 (8) 0.50 0.20 
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Notes: 
(1) Selected comparison value shown in Bold. Used more stringent of USEPA RSLs for Chemical Contaminants at Superfund Sites for Residential Soil and FDEP FAC 62-777 Soil 
Cleanup Target Levels more stringent of the Direct Exposure Residential, and Leachability Based on Freshwater Surface Water Criteria, and Leachability based on Groundwater 
Criteria. 
(2) Selected comparison value shown in Bold. Used more stringent of FDEP Sediment Quality Assessment Guidelines (SQAG) and USEPA Region 4 Ecological Screening Values 
for Sediment. 
(3) The Limit of Detection (LOD) is equal to 2 times the detection limit. Method Detection Limits (MDLs) are updated annually by the laboratory during MDL studies. Therefore, 
the actual MDL values listed in the data packages may vary from those in the table. 
(4) Florida Administrative Code 62-777. FDEP FAC 62-777 Soil Cleanup Target Levels, more stringent of the Direct Exposure Residential and Leachability Based on Freshwater 
Surface Water Criteria and Leachability based on Groundwater Criteria, February 2005 
(http://www.dep.state.fl.us/waste/quick_topics/publications/wc/FinalGuidanceDocumentsFlowCharts_April2005/TechnicalReport2FinalFeb2005(Final3-28-05).pdf). 
(5) USEPA Regional Screening Levels (RSLs) for Chemical Contaminants at Superfund Sites for Soil, November 2012 (http://www.epa.gov/reg3hwmd/risk/human/rb-
concentration table/Generic Tables/pdf/master sl table run NOV2012.pdf). 
(6) FDEP Sediment Quality Assessment Guidelines, January 2003. TEC for sediment-dwelling organisms (Table 5.1) 
(http://www.dep.state.fl.us/water/monitoring/docs/seds/SQAGs_for_Florida_Inland_Waters_01_03.PDF). 
(7) USEPA Region 4 Ecological Screening Values, updated November 30, 2001 (http://www.epa.gov/region4/superfund/programs/riskassess/ecolbul.html#tbl3). When Region 4 
ESVs are not available, ESVs were obtained from alternate sources. 
(8) No ESV available from the primary source. Used Los Alamos National Laboratory (LANL), Ecorisk Database (Release 3.1) October 2011 (http://www.lanl.gov/community-
environment/environmental-stewardship/protection/eco-risk-assessment.php). 
(9) No ESV available from the primary source. Used USEPA Region 5 Ecological Screening Levels, updated August 22, 2003 
(http://www.epa.gov/Region5/waste/cars/pdfs/ecological-screening-levels-200308.pdf). 
-- No published screening value available. 
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Table 3.1b 
Human Health and Ecological Screening Values for Surface Water 
Brooksville Turret Gunnery Range Remedial Investigation, Florida 

Human Health Screening Values 
(µg/L) (1) 

Ecological Screening Values (µg/L) (2) APPL (3) 

Analyte Abbreviation CAS # 

Florida 
Administrative 

Code 62-777 and 
62-302 (4) 

USEPA Regional 
Screening Levels 

(RSL) for Tap 
Water(5) 

Florida 
Administrative 
Code 62-302 (6) 

USEPA Region 4 
Ecological 

Screening Values 
for Surface 

Water (7) 

Limit of 
Quantitation 
(LOQ) (µg/L) 

Limit of 
Detection 

(LOD) 
(µg/L) 

Total Metals – 
SW6010C 

Antimony Sb 7440-36-0 14 6.0 4,300 160 5.0 5.0 

Barium Ba 7440-39-3 1,000 2,900 - - 220 (8) 5.0 4.0 

Copper Cu 7440-50-8 - - (9) 620 - - (9) 6.5 5.0 4.0 

Iron Fe 7439-89-6 1,000 11,000 300 1000 50 25 

Lead Pb 7439-92-1 - - (9) 15 - - (9) 1.3 5.0 4.0 

Zinc Zn 7440-66-6 -- (9) 4,700 -- (9) 59 50 20 

Perchlorate – SW6850 

Perchlorate ClO4-
14797-73-

0 -- 11 -- 35,000 (10) 0.60 0.40 

Explosives – SW8330B 

1,3,5-Trinitrobenzene 1,3,5-TNB 99-35-4 19 460 - - 60,000 (10) 0.50 0.30 

1,3-Dinitrobenzene 1,3-DNB 99-65-0 72 1.5 - - 22 (8) 0.50 0.30 

2,4,6-Trinitrotoluene 2,4,6-TNT 118-96-7 49 2.2 - - 100 (11) 0.50 0.30 

2,4-Dinitrotoluene 2,4-DNT 121-14-2 9.1 0.20 9.1 310 0.50 0.30 

2,6-Dinitrotoluene 2,6-DNT 606-20-2 0.7 15 - - 81 (8) 0.50 0.30 

2-Amino-4,6-
dinitrotoluene 2-Am-DNT 

35572-78-
2 - - 30 - - 1,480 (11) 0.50 0.30 
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Table 3.1b 
Human Health and Ecological Screening Values for Surface Water 
Brooksville Turret Gunnery Range Remedial Investigation, Florida 

Human Health Screening Values 
(µg/L) (1) 

Ecological Screening Values (µg/L) (2) APPL (3) 

Analyte Abbreviation CAS # 

Florida 
Administrative 

Code 62-777 and 
62-302 (4) 

USEPA Regional 
Screening Levels 

(RSL) for Tap 
Water(5) 

Florida 
Administrative 
Code 62-302 (6) 

USEPA Region 4 
Ecological 

Screening Values 
for Surface 

Water (7) 

Limit of 
Quantitation 
(LOQ) (µg/L) 

Limit of 
Detection 

(LOD) 
(µg/L) 

2-Nitrotoluene 
(o-nitrotoluene) 2-NT 88-72-2 550 0.27 - - 39,000 (10) 0.50 0.30 

3-Nitrotoluene 
(m-nitrotoluene) 3-NT 99-08-1 380 

1.3 - - 750 (11) 0.50 0.30 

4-Amino-2,6-
dinitrotoluene 4-Am-DNT 

19406-51-
0 - - 30 - - 43,000 (10) 0.50 0.30 

4-Nitrotoluene 
(p-nitrotoluene) 4-NT 99-99-0 550 3.7 - - 1,900 (11) 0.50 0.30 

Hexahydro-1,3,5-
trinitro-1,3,5-triazine RDX 121-82-4 180 0.61 - - 360 (11) 0.50 0.30 

Methyl-2,4,6-
trinitrophenylnitramine Tetryl 479-45-8 - - 63 - - 5,800 (10) 0.50 0.30 

Nitrobenzene NB 98-95-3 90 0.12 -- 270 0.50 0.30 

Nitroglycerin NG 55-63-0 - - 1.5 - - 138 (11) 0.50 0.30 

Octahydro-1,3,5,7-
tetranitro-1,3,5,7-
tetrazocine HMX 2691-41-0 1,300 780 - - 150 (11) 0.50 0.30 

Pentaerythritol 
Tetranitrate PETN 78-11-5 - - 16 - - 85,000 (11) 2.5 1.5 
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Notes: 
(1) Selected comparison value shown in Bold. More stringent of  USEPA RSLs for Chemical Contaminants at Superfund Sites for Tap Water  and FDEP FAC 62-777 
Groundwater and Surface Water Cleanup Target Levels, Freshwater Surface Water Criteria and FAC 62-302 Surface Water Quality Standards (for Class I or Class III waters). 
(2) Selected comparison value shown in Bold. More stringent of FAC 62-302 Surface Water Quality Standards (SWQS; for Class III waters) and USEPA Region 4 Ecological 
Screening Values for Freshwater Surface Water. 
(3) The Limit of Detection (LOD) is equal to 2 times the detection limit. Method Detection Limits (MDLs) are updated annually by the laboratory during MDL studies. 
Therefore, the actual MDL values listed in the data packages may vary from those in the table. 
(4) More stringent of Florida Administrative Code (FAC) 62-777, cleanup target levels for freshwater surface water, February 2005 
(http://www.dep.state.fl.us/waste/quick_topics/publications/wc/FinalGuidanceDocumentsFlowCharts_April2005/TechnicalReport2FinalFeb2005(Final3-28-05).pdf) and FAC 
62-302 Criteria for Surface Water Quality Classifications, July 1, 2008 (http://www.dep.state.fl.us/legal/Rules/shared/62-302/302-Table.pdf ). 
(5) USEPA Regional Screening Levels (RSLs) for Chemical Contaminants at Superfund Sites for Tap Water, November 2012 (http://www.epa.gov/reg3hwmd/risk/human/rb-

concentration_table/Generic_Tables/pdf/master_sl_table_run_NOV2012.pdf). 
(6) FAC 62-302 Criteria for Surface Water Quality Standards for Class III Waters, July 1, 2008 (http://www.dep.state.fl.us/legal/Rules/shared/62-302/302-Table.pdf ). 

(7) USEPA Region 4 Ecological Screening Values, updated November 30, 2001 (http://www.epa.gov/region4/superfund/programs/riskassess/ecolbul.html#tbl1). When Region 4 
ESVs are not available, ESVs were obtained from alternate sources. 
(8) No ESV available from primary source. Used USEPA Region 5 Ecological Screening Level (ESL), August 22, 2003 
(http://www.epa.gov/Region5/waste/cars/pdfs/ecological-screening-levels-200308.pdf). 
(9) Calculation of screening values requires assumption regarding water hardness. Therefore, screening value was not calculated. 
(10) No ESV available from primary source. Used Los Alamos National Laboratory (LANL), Ecorisk Database (Release 3.1) October 2012 (http://www.lanl.gov/community-
environment/environmental-stewardship/protection/eco-risk-assessment.php). 
(11) No ESV available from primary source. Used USEPA Region 3, Freshwater Screening Benchmarks, updated June 13, 2011 
(http://www.epa.gov/reg3hscd/risk/eco/btag/sbv/fw/screenbench.htm) 
-- No published screening value available. 
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3.2.4 Field MC Sampling Activities Summary 

As discussed in subsection 3.3.2, one phase of field sampling for MC was conducted. The process and 
methods used for the surface water and sediment sampling is discussed in more detail in the following 
subchapters. 

2.36 Inch Rocket Range, 1 PAOI 

The former BTGR RI/FS Work Plan (USA, 20112) prescribed that surface water and sediment samples be 
collected at the 2.36 inch Rocket Range 1 PAOI. No soil sampling was proposed for this PAOI as soil 
sampling was conducted during the previous removal action. No explosives were detected in the soil 
samples, and MC metals were not detected at concentrations greater than the FDEP criteria. 

Eight surface water and eight sediment samples were collected from the pond within the PAOI. The 
proper QC (MS/MSD and duplicates) and QA samples were collected as well. The surface water and 
sediment sampling locations are depicted on Figure E-9 in Appendix E. 

Phase 1 Sampling 

The samples collected during Phase 1 were biased towards the portion of the pond close to the location 
where a mortar, 60 mm, HE was encountered and removed during previous NTCRA work at this PAOI 
(Figure E-9, Appendix E). The sediment samples were collected from the bottom of the pond at 
corresponding locations to the surface water samples. The samples were obtained as grab samples from 
each sampling location. 

The pond area measures about 0.25 acre and was at about its minimum size at the time of the field work 
due to lack of rain (notably, sampling was conducted during the dry period of the year). The water depth 
at the center of the pond was estimated at 5 feet. A boat was used to collect samples from pond. 

Phase 2 Sampling 

Upon review of Phase 1 sampling results, the project team decided Phase 2 sampling was not necessary 
and therefore not performed at the 2.36 Inch Rocket Range. 

Post-Detonation Soil Samples 

No MEC items were encountered during the RI therefore, Post-detonation soil sampling work was not 
performed. 

Sample Handling and Packaging 

Surface water and sediment sampling, handling, packaging, shipping, and analyses were conducted in 
strict accordance with the approved Work Plan (USA, 2012). Sample locations were accurately recorded 
using GPS survey technology. 

3.2.5 Analytical Laboratory and Analyses 

All samples were shipped to Agriculture and Priority Pollutants Laboratory, Inc. (APPL), in Clovis, 
California for analysis. Surface water samples submitted to APPL were analyzed for explosives (Method 
SW8330B), metals (Method SW6010B), and perchlorate (Method SW6850). In addition, the surface 
water samples were analyzed for iron (Method SW6010B). The sediment samples were analyzed for 
explosives (Method SW8330B) and MC metals antimony, barium, copper, lead, and zinc (Method 
SW6010B). All QA split samples were sent to Katahdin Analytical Services in Scarborough, Maine. The 

Contract No. W912DY-10-D-0026; Task Order No. 0005 Page 3-18 
26 March 2013 



Final Report 
Remedial Investigation 

Brooksville Turret Gunnery Range (BTGR) 

QA data package was received by the project chemist and forwarded to Mr. Michael D’Auben, 
USAESCH to be evaluated. Analytical data were verified prior to being released by APPL using both 
editorial and technical reviews. Laboratory extraction, analysis methods, and target analytes were 
conducted in accordance with the approved Work Plan (USA, 2012). 

Once finalized by the laboratories, analytical data generated during the sampling effort were validated by 
the project chemist in accordance with the requirements identified in the SAP. The validation included 
requirements in DoD Quality System Manual (QSM) Version 3, USEPA SW 846 methods. Data 
validation reports were generated by the project chemist for all data packages and are provided in 
Appendix B. The validation reports note that all data are usable. 

This space is intentionally left blank. 
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CHAPTER 4. REVISED CONCEPTUAL SITE MODEL AND REMEDIAL 
INVESTIGATION RESULTS 

4.1 MEC 

As described in Chapter 3, the RI involved excavation of anomalies selected from DGM data and 
anomalies identified using handheld metal detectors. The intrusive investigation teams navigated to the 
selected anomaly locations using a Trimble GPS unit and intrusive operations were conducted as 
previously described in subsection 3.1.3.4. The dig teams excavated anomalies in 231 100-ft by 100-ft 
grids. Of these 231 grids, 199 were “mag and dig” grids, 21 were DGM grids, and 11 were DGM grids 
that were determined from the transect data. Figure E-8A in Appendix E shows anomaly density 
(anomalies per acre) as a result of the DGM transects and grid data. No MEC items were recovered 
during the intrusive investigation. A fin from a 60 mm mortar (MD) was found in Grid 47 at a depth of 2 
inches during the intrusive investigation. A total of seven .50 caliber projectiles (MD) were also found at 
various locations. All other anomalies investigated were identified as cultural debris (e.g., wire, nails, 
hand tools, horse shoes, etc.) or magnetic rocks. Anomaly depths ranged from zero to 48 inches below the 
ground surface. The Parsons Site Geophysicist’s daily reports and photographs taken during the 
investigation are included in Appendix J and Appendix F, respectively. 

4.1.1 Results of Intrusive Investigation 

As described previously, no MEC items were recovered during the intrusive investigation. One MD item 
was recovered from “mag and dig” Grid 47. This grid was located in Sector C in the High Point 
Subdivision, just west of the 2.36-inch Rocket Range 2 PAOI. Seven .50 caliber projectiles (MD) were 
also found at various locations. These items were transferred to the secure MD storage area on March 15, 
2012, pending proper disposal. A summary of the MEC and MD items found is in Table 4.1 below. 
Photographs of MD and cultural debris encountered are provided in Appendix F. 

Table 4.1 
Summary of MEC and MD Found During Brooksville Turret Gunnery Range 

Remedial Investigation 

PAOI MEC/MD 
MEC/MD 

Type 
Anomaly ID 

Grid 
Number 

Grid Type Depth (in) 

Rocket and Scrap 
Dump 

None NA NA NA NA NA 

Scrap Pile None NA NA NA NA NA 

Fixed Machine 
Gun Range 

MD .50 cal g237-003 237 DGM 3 

Fixed Machine 
Gun Range 

MD .50 cal g238-001 238 DGM 3 
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Table 4.1, cont’d 
Summary of MEC and MD Found During Brooksville Turret Gunnery Range 

Remedial Investigation 

PAOI MEC/MD 
MEC/MD 

Type 
Anomaly ID 

Grid 
Number 

Grid Type Depth (in) 

Fixed Machine 
Gun Range 

MD .50 cal g238-002 238 DGM 3 

Fixed Machine 
Gun Range 

MD .50 cal g260-002 260 DGM 6 

Fixed Machine 
Gun Range 

MD .50 cal A248-1-269 248 
Mag and 

Dig 
3 

Fixed Machine 
Gun Range 

MD .50 cal A248-1-271 248 
Mag and 

Dig 
1 

Machine 
Gun/81mm 
Mortar Range 

MD .50 cal A192-1-69 192 
Mag and 

Dig 
6 

Remaining Lands 
(Southern 
Portion) 

MD 
Fin from, 

60mm 
mortar 

A047-3-13 47 
Mag and 

Dig 
2 

4.1.2 Source, Nature, and Extent of MEC 

Based on the results of the RI investigation, the source, nature, and extent of MEC are addressed under 
two categories: areas with potential MEC and areas that are unaffected by concentrated munitions use. 

Areas with Potential MEC Contamination - MEC and MD were confirmed at the 2.36 Inch Rocket Range 
No 1 in Sector D1 and 2.36 Inch Rocket Range No 2 in Sector D3, during previous investigations 
including the EE/CA and in particular, during the NTCRA. Given that these areas have been investigated 
under the NTCRA, significant additional investigation was not warranted under the RI. The NTCRA 
results sufficed for evaluation of source, nature and extent of MEC contamination. MEC was identified at 
several of the parcels within the inferred footprints of these ranges. The results are incorporated in Figures 
E-4A and E-4B in Appendix E). Although NTCRA was completed at these ranges, a number of the 
parcels where ROE was refused within the ranges could not be investigated and may still contain MEC 
contamination. The total acreage for these two ranges is 279.33 acres. Of this total, only approximately 
13.93 acres were not investigated due to ROE refusal. The MEC items encountered at these ranges 
included mortar, 60mm, HE and several Rockets, 2.36-Inch, Heat. MD items included Rocket, 2.36-inch 
practice, and Small Arms ammunition up to .50 caliber. MEC and MD items have been found both on the 
surface and subsurface to a depth of 30 inches below land surface. The source of these items is from 
training exercises conducted at the site by the U.S. military during WWII. 

Areas Unaffected by Concentrated Munitions Use - Although MEC and MD items have been found 
historically in some areas of the site, previous and recent investigations have not detected MEC in many 
other areas. On the basis of previous investigations; Suncoast Parkway Clearance, EE/CA, NTCRA, 
current RI, and media reports, no MEC contamination has been identified in the Scrap Pile PAOI, Fixed 
Machine Gun Range PAOI, and the Remaining Lands PAOI. Only MD items mostly comprising small 
arms ammunition have been encountered at these PAOIs. During the Suncoast Parkway Clearance, 
several expended 3.25 practice rockets, 40 mm projectiles and .50 caliber projectiles were encountered. 
None of these items were classified as UXO; therefore, the area is highly unlikely to contain MEC 
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contamination. During the RI, MD items were identified in three PAOIs including six .50 caliber 
projectiles in the Fixed Machine Gun Range PAOI, one .50 caliber projectile in the Machine Gun/81 mm 
Mortar Range PAOI, and a fin from a 60mm mortar in the southern portion of the Remaining Lands 
PAOI. However, because no MEC were found and none of the MD was found in the identified high 
anomaly density areas, all of these areas were classified as being unaffected by concentrated munitions 
use. The results are depicted in Figure E-8B in Appendix E. Figure E-8C in Appendix E shows the 
combined results of all previous removal actions and the RI results. 

4.1.3 MEC Exposure Pathways 

A potentially complete MEC exposure pathway is present any time a receptor can come near or into 
contact with a source of MEC and interact with it in a manner that might result in its detonation. As 
discussed in Subchapter 2.1.1, complete exposure pathways commonly require the presence of four 
critical elements (USEPA, 1989); however, for MEC exposure pathways these are simplified to three 
critical elements: a source of MEC (i.e., an explosively hazardous item); a receptor (i.e., a person); and 
the potential for interaction between the MEC source and the receptor (i.e., the possibility the item might 
be touched, moved, or otherwise disturbed by the receptor). All these elements must be present for a 
potentially complete MEC exposure pathway to exist; the MEC exposure pathway is incomplete if any 
one of these three elements is absent. The following paragraphs discuss the anticipated exposure 
pathways for MEC at the former BTGR based on the results of this RI, previous investigations, and 
historical information. 

The preliminary CSMs for the former BTGR (subsection 2.1.1, Table 2.1) indicated potentially complete 
MEC exposure pathways at five of the seven investigation areas (PAOI), excluding the Rocket and Scrap 
Dump (Fish Pond) PAOI and 2.36-inch Rocket Range 1 PAOI. Through the RI, however, no MEC source 
was identified for any of the investigation areas; therefore, a complete exposure pathway for these areas is 
not anticipated. The areas with MEC/MD presence found during previous investigations that have been 
revised and the recommended MRSs are identified in Table 4.7. 

Based on the confirmed presence of MEC and MD and historic use within the recommended MRS 
(discussed in Section 4.3 below) and the general level of site accessibility, the existence of potentially 
complete MEC exposure pathways at the surface and in the subsurface is confirmed for the 2.36 Inch 
Rocket Ranges MRS. These MEC exposure pathways are summarized in Table 4.6 and are depicted 
graphically on the revised CSM figures included at the end of subchapter 4.1. 

The CSM and exposure pathways for MEC described above should be reviewed and possibly revised if 
new information concerning MEC presence, potential receptors, or site accessibility becomes available. 
The related characterization of MEC hazards at the former BTGR is described in Section 6.2. 

This space is intentionally left blank. 
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Figure4-2 
CONCEPTUAL SITE MODEL DIAGRAM 
Site/MRS Name: BROOKSVILLE TGR- Scrap Pile PAO! 
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Figure 4-3 

CONCEPTUAL SITE MODEL DIAGRAM 

Final Report 
Remedial Invest igation 

Brooksv ille Turret Gunnery Range (BTGR) 

Site MRS Name: BROOKSVILLETGR- Fixed Machine Gun Range PAOJ 

Con-plated By: Cortnie Lewis, PARSONS 
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Figure4-4 
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Figure4-5 
CONCEPTUAL SITE MODEL DIAGRAM 
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Figure 4-6 

Ecological Conceptual Site Model 
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Brooksville Turret Gunnery Range (BTGR) 
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Figure 4-7 

CONCEPTUAL SITE MODEL DIAGRAM 

Final Report 
Remedial Investigation 

Brooksville Turret Gunnery Range (BTG~ 
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Figure 4-8 

CONCEPTUAL SITE MODEL DIAGRAM 

Final Report 
Remedial Investigation 

Brooksville Turret Gunnery Range (BTGR) 

Site/MRS Name: BROOKSVILLE TGR - Remaininfl Lands PAOI 

Completed By: Cortnie Lewis, PARSONS 
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Final Report 
Remedial Investigation 

Brooksville Turret Gunnery Range (BTGR) 

4.2 MUNITIONS CONSTITUENTS 

The sampling strategy and methods used for the RI at the former BTGR are presented in subchapter 3.2. 
The following subchapters describe the rationale for the samples collected during these field tasks and the 
analytical results. Any MC detected at concentrations above their respective human health or ecological 
screening values (subsection 3.2.1) are considered to be COPCs or COPECs, respectively, and will be 
retained for further evaluation in the Chapter 6 risk assessment. 

4.2.1 MC Results 

Quality Control and Quality Assurance 

The surface water and sediment sampling activities were conducted in accordance with the SAP for the 
former BTGR RI. In addition, the quality assurance project plan (UFP-QAPP) addressed the data quality 
objectives, analytical methods, specific quality assurance (QA), and QC activities, laboratory 
requirements, and data assessment activities designed to achieve the data quality goals of the project. 

Analytical Data Validation 

Data validation reviews for laboratory data were performed by the Parsons data validator for all sample 
results in accordance with the requirements contained in the UFP-QAPP. Laboratory results were 
assessed for compliance with required precision, accuracy, completeness, and representativeness. Field 
QC results were evaluated for compliance with required precision, accuracy, and representativeness. 
Based on this review, all sample data were considered usable for project decision-making. A summary of 
the analytical data and copies of the data validation reports are included as Appendix B. 

The analytical results for the MC samples collected during the RI are summarized in this Subchapter. 

Soil Samples 

No soil samples were collected during the RI. 

Surface Water Samples 

Eight surface water samples were collected from the pond within the 2.36-inch Rocket Range 1 PAOI. 
The pond primarily serves as a drainage retention area and receives runoff from the surrounding area. The 
physical sampling parameters for the eight surface water samples collected from the 2.36-inch Rocket 
Range 1 PAOI are presented in Table 4.2 below. 

This space is intentionally left blank. 
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Brooksville Turret Gunnery Range (BTGR) 

Table 4.2 Summary of Physical Sampling Parameters for Surface Water Samples 
at 2.36-inch Rocket Range 1 PAOI Pond 

Sample 
ID 

BTGR-
R&SD-
SW-001 

BTGR-
R&SD-
SW-002 

BTGR-
R&SD-
SW-003 

BTGR-
R&SD-
SW-004 

BTGR-
R&SD-
SW-005 

BTGR-
R&SD-
SW-006 

BTGR-
R&SD-
SW-007 

BTGR-
R&SD-
SW-008 

Date 2/28/2012 2/28/2012 2/28/2012 2/28/2012 2/29/2012 2/29/2012 2/29/2012 2/29/2012 

Time 14:00 15:00 15:20 15:35 9:00 9:15 9:30 9:45 
Turbidity 
(NTU) 2.45 7.03 0.73 10.21 0.81 1.41 2.07 1.62 

Temp C 30.6 28.7 31.06 32.1 22.6 22.5 22.6 22.4 
DO 
(mg/L) 160 130 148 153 200 102 89 84.4 

pH 8.18 7.69 10.34 9.76 8.8 8.35 8.21 8.16 

ORP1 200.7 193 138.1 -27.7 155.6 166 165 166.9 
1. ORP – Oxidation/Reduction Potential 

The analytical results of the eight surface water samples collected from the drainage retention pond within 
the 2.36-inch Rocket Range 1 PAOI are presented in Table 4.3a. These analytical results are summarized 
in Table 4.4a. Table 4.5a presents the evaluation process used to determine the COPCs or COPECs 
present in the surface water at the 2.36-inch Rocket Range 1 PAOI. Based on the analytical results 
presented in this report, lead was detected in one surface water sample shown in Figure E-9D in Appendix 
E at a concentration exceeding the selected ecological screening criterion (Table 4.5a); therefore, lead in 
surface water is identified as a COPEC. No human health COPCs were identified in the surface water 
(Table 4.5a). The sample location that exceeded the selected ecological screening value is indicated in 
Table 4.5a. 

Sediment Samples 

The analytical results of eight sediment samples collected from the 2.36-inch Rocket Range 1 PAOI are 
presented in Table 4.3b. These analytical results are summarized in Table 4.4b. Table 4.5b presents the 
evaluation process used to determine the COPCs or COPECs present in the sediment at the 2.36-inch 
Rocket Range 1 PAOI. Based on analytical results presented in this report, 2,4,6-trinitrotoluene (TNT) 
shown in Figure E-9A in Appendix E was identified as a human health COPC in sediment because the 
maximum concentration exceeded the human health screening value (Table 4.5b). The metals barium, 
copper, lead, and zinc shown in Figures E-9B, E-9C and E-9E in Appendix E, respectively, were 
identified as COPECs in the sediment for ecological receptors because the maximum concentrations 
exceed the ecological screening values (Table 4.5b). Sample locations that exceeded the selected 
screening values are indicated in Table 4.5b. 

Groundwater Samples 

No groundwater samples were collected during the RI. 
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Brooksville Turret Gunnery Range (BTGR) 

Table 4.3a 
Summary of Validated Analytical Results for Former Brooksville Turret Gunnery Range Surface Water Samples Collected in February 2012 

SAMPLE ID: 

BTGR-RR1-
SW-001 

BTGR-RR1-
SW-901** 

BTGR-RR1-
SW-002 

BTGR-RR1-
SW-003 

BTGR-RR1-
SW-004 

BTGR-RR1-
SW-005 

BTGR-RR1-
SW-006 

BTGR-RR1-
SW-007 

BTGR-RR1-
SW-008 

DATE SAMPLED: 

2/28/2012 
14:00 

2/28/2012 
16:00 

2/28/2012 
15:00 

2/28/2012 
15:20 

2/28/2012 
15:35 2/29/2012 9:00 

2/29/2012 
9:15 2/29/2012 9:30 2/29/2012 9:45 

LAB SAMPLE ID: AY56034 AY56042 AY56036 AY56038 AY56040 AY56044 AY56046 AY56048 AY56050 
Unit 

Explosives - SW8330B 

1,3,5-Trinitrobenzene µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
1,3-Dinitrobenzene µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
2,4,6-Trinitrotoluene (TNT) µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
2,4-Dinitrotoluene µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
2,6-Dinitrotoluene µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
2-Amino-4,6-dinitrotoluene µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
2-Nitrotoluene µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
3-Nitrotoluene µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
4-Amino-2,6-dinitrotoluene µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
4-Nitrotoluene µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) µg/L 0.30 UJ 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
Nitrobenzene µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
Nitroglycerin µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine 
(HMX) µg/L 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 0.30 U 
Pentaerythritol Tetranitrate (PETN) µg/L 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U 

Perchlorate - SW6850 

Perchlorate µg/L 0.40 U 0.40 U 0.40 U 0.26 J 0.40 U 0.40 U 0.21 J 0.27 J 0.21 J 

Metals - SW6010C 

Antimony µg/L 5.0 U 5.0 U 2.0 J 2.3 J 1.9 J 5.0 U 5.0 U 5.0 U 5.0 U 
Barium µg/L 3.7 J 2.2 J 4.0 J 4.5 J 6.8 2.4 J 3.4 J 3.1 J 3.1 J 
Copper µg/L 3.0 J 1.8 J 3.0 J 2.0 J 2.6 J 4.0 U 4.0 U 4.0 U 4.0 U 
Iron µg/L 41 J 40 J 130 34 J 150 44 J 38 J 68 48 J 
Lead µg/L 4.0 U 4.0 U 2.2 J 4.0 U 4.0 U 4.0 U 4.0 U 4.0 U 4.0 U 
Zinc µg/L 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 

QA NOTES AND DATA QUALIFIERS: 

(NO CODE) - Confirmed identification. 
U - Analyte was analyzed for but not detected above the sample specific detection limit (DL). 
J - Analyte detected, estimated concentration. 
** - Field duplicate of sample on left. 
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Brooksville Turret Gunnery Range (BTGR) 

Table 4.3b 
Summary of Validated Analytical Results for Former Brooksville Turret Gunnery Range Sediment Samples Collected in February 2012 

SAMPLE ID: 

BTGR-RR1-SD-
001 

BTGR-RR1-
SD-901** 

BTGR-RR1-SD-
002 

BTGR-RR1-SD-
003 

BTGR-RR1-
SD-004 

BTGR-RR1-SD-
005 

BTGR-RR1-
SD-006 

BTGR-RR1-
SD-007 

BTGR-RR1-SD-
008 

DATE SAMPLED: 2/28/2012 14:15 
2/28/2012 

16:10 2/28/2012 15:10 2/28/2012 15:25 
2/28/2012 

15:40 2/29/2012 9:05 
2/29/2012 

9:20 
2/29/2012 

9:35 2/29/2012 9:50 
LAB SAMPLE ID: AY56035 AY56043 AY56037 AY56039 AY56041 AY56045 AY56047 AY56049 AY56051 

Unit 
Explosives - SW8330B 

1,3,5-Trinitrobenzene mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
1,3-Dinitrobenzene mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
2,4,6-Trinitrotoluene (TNT) mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.094 J 0.084 J 0.20 U 0.090 J 
2,4-Dinitrotoluene mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
2,6-Dinitrotoluene mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
2-Amino-4,6-dinitrotoluene mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
2-Nitrotoluene mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
3-Nitrotoluene mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
4-Amino-2,6-dinitrotoluene mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
4-Nitrotoluene mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
Nitrobenzene mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
Nitroglycerin mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) mg/kg 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 
Pentaerythritol Tetranitrate (PETN) mg/kg 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 

Perchlorate - SW6850 

Perchlorate mg/kg 0.0040 U 0.0040 U 0.0040 U 0.0040 U 0.0040 U 0.0040 U 0.0040 U 0.0040 U 0.0040 U 

Metals - SW6010C 

Antimony mg/kg 0.59 U 0.54 U 2.0 U 0.50 U 1.7 U 4.7 U 4.9 U 3.4 U 5.1 U 
Barium mg/kg 10 J 4.4 J 34 2.2 23 62 67 58 68 
Copper mg/kg 4.4 J 2.8 22 1.9 17 33 32 28 35 
Lead mg/kg 5.4 3.4 51 1.5 20 61 65 54 65 
Zinc mg/kg 19 20 120 10 68 250 180 150 180 

Percent Moisture 

Moisture, Percent 32 26 80 20 76 92 92 88 92 

QA NOTES AND DATA QUALIFIERS: 

(NO CODE) - Confirmed identification. 
U - Analyte was analyzed for but not detected above the sample specific practical quantitation limit (PQL_sa). 
J - Analyte detected, estimated concentration. 
** - Field duplicate of sample on left. 
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Brooksville Turret Gunnery Range (BTGR) 

Table 4.4a: Summary Statistics Table for Surface Water Samples 2012 Remedial Investigation 
2.36-inch Rocket Range 1 PAOI – BTGR 

Analyte 
Analyte 
Detected 

Analyte 
Not 

Detected 

Percent 
Detected 

Reporting 
Limits 
(µg/L) 

Minimum 
Detected 

Concentration 
(µg/L) 

Maximum 
Detected 

Concentration 
(µg/L) 

Human 
Health 

Screening 
Value 

(µg/L)(1) 

Number of 
Detected 

Concentrations 
Above Human 

Health 
Screening Value 

(µg/L) 

Ecological 
Screening 

Value 
(µg/L)(1) 

Number of 
Detected 

Concentrations 
Above 

Ecological 
Screening Value 

(µg/L) 
1,3,5-Trinitrobenzene 0 8 0% 0.3 N/A N/A 19 N/A 60,000 N/A 

1,3-Dinitrobenzene 0 8 0% 0.3 N/A N/A 1.5 N/A 22 N/A 

2,4,6-Trinitrotoluene (TNT) 0 8 0% 0.3 N/A N/A 2.2 N/A 100 N/A 

2,4-Dinitrotoluene 0 8 0% 0.3 N/A N/A 0.20 N/A 9.1 N/A 

2,6-Dinitrotoluene 0 8 0% 0.3 N/A N/A 0.7 N/A 81 N/A 

2-Amino-4,6-dinitrotoluene 0 8 0% 0.3 N/A N/A 30 N/A 1,480 N/A 

2-Nitrotoluene 0 8 0% 0.3 N/A N/A 0.27 N/A 39,000 N/A 

3-Nitrotoluene 0 8 0% 0.3 N/A N/A 1.3 N/A 750 N/A 

4-Amino-2,6-dinitrotoluene 0 8 0% 0.3 N/A N/A 30 N/A 43,000 N/A 

4-Nitrotoluene 0 8 0% 0.3 N/A N/A 3.7 N/A 1,900 N/A 

Hexahydro-1,3,5-trinitro-1,3,5-
triazine (RDX) 0 8 0% 0.3 N/A N/A 0.61 N/A 360 N/A 

Methyl-2,4,6-
trinitrophenylnitramine (Tetryl) 0 8 0% 0.3 N/A N/A 63 N/A 5,800 N/A 

Nitrobenzene 0 8 0% 0.3 N/A N/A 0.12 N/A 270 N/A 

Nitroglycerin 0 8 0% 0.3 N/A N/A 1.5 N/A 138 N/A 

Octahydro-1,3,5,7-tetranitro-
1,3,5,7-tetrazocine (HMX) 0 8 0% 0.3 N/A N/A 780 N/A 150 N/A 

Pentaerythritol Tetranitrate 
(PETN) 0 8 0% 1.5 N/A N/A 16 N/A 85,000 N/A 

Perchlorate 4 4 50% 0.4 0.21 0.27 11 No 35,000 No 

Antimony 3 5 38% 5.0 1.9 2.3 6.0 No 160 No 

Barium 8 0 100% 4.0 2.2 6.8 1,000 No 220 No 

Copper 4 4 50% 4.0 1.8 3.0 620 No 6.5 No 

Iron 8 0 100% 25 34 150 1,000 No 300 No 

Lead 1 7 13% 4.0 2.2 2.2 15 No 1.3 No 

Zinc 0 8 0% 20 N/A N/A 4,700 N/A 59 N/A 

(1) Screening values as established in Table 3.1. 

N/A - Not applicable 
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Brooksville Turret Gunnery Range (BTGR) 

Table 4.4b: Summary Statistics Table for Sediment Samples 2012 Remedial Investigation 
2.36-inch Rocket Range 1 PAOI – BTGR 

Analyte 
Analyte 
Detected 

Analyte 
Not 

Detected 

Percent 
Detected 

Reporting 
Limits 

(mg/kg) 

Minimum 
Detected 

Concentration 
(mg/kg) 

Maximum 
Detected 

Concentration 
(mg/kg) 

Human 
Health 

Screening 
Value 

(mg/kg)(1) 

Number of 
Detected 

Concentrations 
Above Human 

Health 
Screening 

Value (mg/kg) 

Ecological 
Screening 

Value 
(mg/kg)(1) 

Number of 
Detected 

Concentrations 
Above 

Ecological 
Screening 

Value (mg/kg) 
1,3,5-Trinitrobenzene 0 8 0% 0.20 N/A N/A 0.090 N/A 1,300 N/A 

1,3-Dinitrobenzene 0 8 0% 0.20 N/A N/A 0.0040 N/A 0.0086 N/A 

2,4,6-Trinitrotoluene (TNT) 3 5 38% 0.20 0.084 0.094 0.0060 3 420 0 

2,4-Dinitrotoluene 0 8 0% 0.20 N/A N/A 0.0060 N/A 0.014 N/A 

2,6-Dinitrotoluene 0 8 0% 0.20 N/A N/A 0.00040 N/A 0.040 N/A 

2-Amino-4,6-dinitrotoluene 0 8 0% 0.20 N/A N/A 0.00040 N/A 34 N/A 

2-Nitrotoluene 0 8 0% 0.20 N/A N/A 0.90 N/A 28 N/A 

3-Nitrotoluene 0 8 0% 0.20 N/A N/A 1.4 N/A 24 N/A 

4-Amino-2,6-dinitrotoluene 0 8 0% 0.20 N/A N/A 150 N/A 9.5 N/A 

4-Nitrotoluene 0 8 0% 0.20 N/A N/A 0.90 N/A 52 N/A 
Hexahydro-1,3,5-trinitro-1,3,5-
triazine (RDX) 0 8 0% 0.20 N/A N/A 0.0020 N/A 45 N/A 

Methyl-2,4,6-
trinitrophenylnitramine (Tetryl) 0 8 0% 0.20 N/A N/A 1.4 N/A 100 N/A 

Nitrobenzene 0 8 0% 0.20 N/A N/A 0.020 N/A 0.15 N/A 

Nitroglycerin 0 8 0% 0.20 N/A N/A 0.030 N/A 1,700 N/A 
Octahydro-1,3,5,7-tetranitro-
1,3,5,7-tetrazocine (HMX) 

0 8 0% 0.20 N/A N/A 3,800 N/A 27,000 N/A 

Pentaerythritol Tetranitrate 
(PETN) 0 8 0% 0.20 N/A N/A 120 N/A 1,400 N/A 

Perchlorate 0 8 0% 0.0040 N/A N/A 55 N/A N/A N/A 

Antimony 0 8 0% 0.40 N/A N/A 5.4 N/A 12 N/A 

Barium 8 0 100% 0.40 2.2 68 120 0 20 6 

Copper 8 0 100% 0.40 1.9 35 150 0 19 5 

Lead 8 0 100% 0.40 1.5 65 400 0 30 5 

Zinc 8 0 100% 4.0 10 250 23,000 0 120 4 

(1) Screening values as established in Table 3.1. 
N/A - Not applicable 

Items shown in bold are the analytes detected above screening values and are COPCs or COPECs, as applicable. 
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Brooksville Turret Gunnery Range (BTGR) 

Table 4.5a: Surface Water COPC Evaluation for Munitions Constituents Sampling Results 
2.36 Rocket Range No 1 PAOI - BTGR 

Analyte 
Maximum Detected Site 

Concentration (µg/L) 

Human Health 
Screening Value (1) 

Ecological 
Screening Value (1) 

Exceeds Human Health 
or Ecological Screening 

Value? 
Further Evaluation 

Required? 

Determination of COPC/COPEC or 
Primary reason for exclusion from 

Further Evaluation 
Associated Sample 

Name (µg/L) (µg/L) 
Explosives 

1,3,5-Trinitrobenzene 0.30 U 19 60,000 No No Not detected at site None 

1,3-Dinitrobenzene 0.30 U 1.5 22 No No Not detected at site None 

2,4,6-Trinitrotoluene (TNT) 0.30 U 2.2 100 No No Not detected at site None 

2,4-Dinitrotoluene 0.30 U 0.2 9.1 No No Not detected at site None 

2,6-Dinitrotoluene 0.30 U 0.7 81 No No Not detected at site None 

2-Amino-4,6-dinitrotoluene 0.30 U 30 1,480 No No Not detected at site None 

2-Nitrotoluene 0.30 U 0.27 39,000 No No Not detected at site None 

3-Nitrotoluene 0.30 U 1.3 750 No No Not detected at site None 

4-Amino-2,6-dinitrotoluene 0.30 U 30 43,000 No No Not detected at site None 

4-Nitrotoluene 0.30 U 3.7 1,900 No No Not detected at site None 

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 0.30 U 0.61 360 No No Not detected at site None 

Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 0.30 UJ 63 5,800 No No Not detected at site None 

Nitrobenzene 0.30 U 0.12 270 No No Not detected at site None 

Nitroglycerin 0.30 U 1.5 138 No No Not detected at site None 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 0.30 U 780 150 No No Not detected at site None 

Pentaerythritol Tetranitrate (PETN) 1.5 U 16 85,000 No No Not detected at site None 

Perchlorate 

Perchlorate 0.27 J 11 35,000 No No 
Not detected above Human Health or 

Ecological Screening Values None 

Metals 

Antimony 2.3 J 6.0 160 No No 
Not detected above Human Health or 

Ecological Screening Values None 

Barium 6.8 1,000 220 No No 
Not detected above Human Health or 

Ecological Screening Values None 

Copper 3.0 J 620 6.5 No No 
Not detected above Human Health or 

Ecological Screening Values None 

Iron 150 1,000 300 No No 
Not detected above Human Health or 

Ecological Screening Values None 

Lead 2.2 J 15 1.3 Yes 
Yes; for ecological 

receptors only 
Detected above Ecological Screening 

Value 
BTGR-RR1-SW-

002 

Zinc 20 U 4,700 59 No No Not detected at site None 

(1) - Site-Specific Screening Values as shown in Table 3.1 

U - Analyte was analyzed for but not detected above the sample specific detection limit (DL). 
J - Analyte detected, estimated concentration. 
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Brooksville Turret Gunnery Range (BTGR) 

Table 4.5b: Sediment COPC Evaluation for Munitions Constituents Sampling Results 
2.36 Rocket Range No 1 PAOI - BTGR 

Analyte 
Maximum Detected Site 
Concentration (mg/kg) 

Human Health 
Screening Value 

(1) 

Ecological 
Screening Value 

(1) 
Exceeds Human 

Health or Ecological 
Screening Value? 

Further Evaluation 
Required? 

Determination of COPC/COPEC 
or Primary reason for exclusion 

from Further Evaluation Associated Sample Name (mg/kg) (mg/kg) 
Explosives 

1,3,5-Trinitrobenzene 0.2 U 0.090 1300 No No Not detected at site None 

1,3-Dinitrobenzene 0.2 U 0.0040 0.0086 No No Not detected at site None 

2,4,6-Trinitrotoluene (TNT) 0.094 J 0.0060 420 Yes 
Yes; for human 
receptors only 

Detected above Human Health 
Screening Value 

BTGR-RR1-SD-005, BTGR-RR1-
SD-006, BTGR-RR1-SD-008 

2,4-Dinitrotoluene 0.2 U 0.0060 0.014 No No Not detected at site None 

2,6-Dinitrotoluene 0.2 U 0.00040 0.04 No No Not detected at site None 

2-Amino-4,6-dinitrotoluene 0.2 U 0.00040 34 No No Not detected at site None 

2-Nitrotoluene 0.2 U 0.90 28 No No Not detected at site None 

3-Nitrotoluene 0.2 U 1.4 24 No No Not detected at site None 

4-Amino-2,6-dinitrotoluene 0.2 U 150 9.5 No No Not detected at site None 

4-Nitrotoluene 0.2 U 0.90 52 No No Not detected at site None 

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 0.2 U 0.0020 45 No No Not detected at site None 

Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 0.2 U 1.4 100 No No Not detected at site None 

Nitrobenzene 0.2 U 0.020 0.15 No No Not detected at site None 

Nitroglycerin 0.2 U 0.030 1700 No No Not detected at site None 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 0.2 U 3800 27000 No No Not detected at site None 

Pentaerythritol Tetranitrate (PETN) 1.0 U 120 1400 No No Not detected at site None 

Perchlorate 

Perchlorate 0.0040 U 55 N/A No No Not detected at site None 

Metals 

Antimony 5.1 U 5.4 12.0 No No Not detected at site None 

Barium 68 120 20 Yes 
Yes; for ecological 

receptors only 
Detected above Ecological 

Screening Value 

BTGR-RR1-SD-002, BTGR-RR1-
SD-004, BTGR-RR1-SD-005, 

BTGR-RR1-SD-006, BTGR-RR1-
SD-007, BTGR-RR1-SD-008 

Copper 35 150 19 Yes 
Yes; for ecological 

receptors only 
Detected above Ecological 

Screening Value 

BTGR-RR1-SD-002, BTGR-RR1-
SD-005, BTGR-RR1-SD-006, 

BTGR-RR1-SD-007, BTGR-RR1-
SD-008 

Lead 65 400 30 Yes 
Yes; for ecological 

receptors only 
Detected above Ecological 

Screening Value 

BTGR-RR1-SD-002, BTGR-RR1-
SD-005, BTGR-RR1-SD-006, 

BTGR-RR1-SD-007, BTGR-RR1-
SD-008 

Zinc 250 23,000 120 Yes 
Yes; for ecological 

receptors only 
Detected above Ecological 

Screening Value 

BTGR-RR1-SD-005, BTGR-RR1-
SD-006, BTGR-RR1-SD-007, 

BTGR-RR1-SD-008 

(1) - Site-Specific Screening Values as shown in Table 3.1 

U - Analyte was analyzed for but not detected above the sample specific detection limit (DL). 
J - Analyte detected, estimated concentration. 
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Analytical Results for Previous Investigations 

In 2006, the USACE conducted NTCRA, Phase I at the 2.36 Inch Rocket Range 1 in Area D1 and 2.36 
Inch Rocket Range 2 in Area D3 (ECC 2006). Several MEC (Rockets, 2.36 Inch HE and practice) and 
MD were recovered in both ranges. MC sampling of soil was performed in areas where MEC/MD items 
were found during the removal action and no MC was found at concentrations exceeding the selected 
screening levels. 

From 2007 to 2010, the USACE conducted NTCRA Phase II at the 2.36 Inch Rocket Range 1 and 2.36 
Inch Rocket Range 2 (Parsons 2008, 2010a, and 2010b). MEC recovered included rockets, 2.36-inch, HE 
and practice and mortar 60mm, HE and numerous munitions debris. Associated MC samples were 
collected and no MC was detected at concentrations exceeding the selected screening levels. 

4.2.2 Source, Nature, and Extent of MC Contamination 

As discussed in subsection 5.1, no MEC-contaminated areas were encountered within the following 
PAOIs and, thus, there are no known areas of contamination at these PAOIs attributable to the historical 
munitions-related activities conducted at the former BTGR: 

Scrap Pile PAOI; 

Fixed Machine Gun Range PAOI; 

Machine Gun/81mm Mortar Range PAOI; 

2.36-inch Rocket Range 2 PAOI; 

Remaining Lands PAOI. 

As previously discussed, the Rocket and Scrap Dump (Fish Pond) PAOI could not be investigated during 
the RI due to ROE denial by the property owner. Ordnance clearance work was performed at this pond in 
1990 and resulted in removal of over 1,000 munitions related items (mostly 2.36-inch rockets). Sampling 
could not be performed during the RI due to landowner ROE refusal. Because the vast majority of items 
previously removed were inert practice rounds and based on the results from a similar pond within the 
2.36-inch Rocket Range 1 PAOI that was sampled during the RI, the likelihood of MC contamination 
remaining in the pond is considered minimal. 

As discussed in subchapter 4.2.1, one human health COPC and several COPECs in sediment were 
identified at the drainage retention pond within the 2.36-inch Rocket Range 1 PAOI. These elevated 
chemical concentrations are limited to the pond, and therefore, the extent of MC contamination is 
assumed to be minimal and highly localized in the pond. Similarly, one COPEC was identified in one of 
the eight surface water samples. This elevated chemical concentration is limited to one sample, and 
therefore, the extent of MC contamination is assumed to be minimal and highly localized. 

4.2.3 MC Exposure Pathways 

An exposure assessment includes identification of potential exposure pathways, receptors, and exposure 
scenarios, as well as quantification of exposure. Characterization of the exposure setting and 
identification of all potentially exposed receptors and exposure pathways are discussed in this subchapter. 
Based on results of the MEC and MC characterizations conducted as presented above, the preliminary 
CSMs and ecological conceptual site modedl (ECSM) for the former BTGR PAOIs described in 
subsection 2.1.1 were reviewed and updated to reflect any new applicable information. These revised 
CSMs and ECSM (Figure 4-1 through Figure 4-8) summarize the most current information for the 
PAOIs. The MEC and MC exposure pathways shown on these revised CSMs and ECSM are discussed 
further in the following subsections. 

USEPA (1989) defines an exposure pathway as: “The course a chemical or physical agent takes from a 
source to an exposed organism. An exposure pathway describes a unique mechanism by which an 
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individual or population is exposed to chemicals or physical agents at or originating from a site. Each 
exposure pathway includes a source or release from a source, an exposure point, and an exposure route. If 
the exposure point differs from the source, a transport/exposure medium (e.g., air) or media (in cases of 
intermedia transfer) is also included.” 

Known Contamination Areas and Source Media 

As previously described, MEC were not encountered at Scrap Pile PAOI, Fixed Machine Gun Range 
PAOI, the Machine Gun/81mm Mortar Range PAOI, the 2.36-inch Rocket Range 2 PAOI, and the 
Remaining Lands PAOI; therefore, there is not an identified source of MC at these PAOIs. 

MEC has previously been cleared from the Rocket and Scrap Dump (Fish Pond) PAOI. Sampling could 
not be performed during the RI due to landowner ROE refusal. However, as discussed above in paragraph 
4.2.2, MC contamination is considered unlikely based on the results from a similar pond within the 2.36-
inch Rocket Range 1 PAOI that was sampled during the RI. 

As described in subsection 4.2.1.6, the explosive compound 2,4,6-trinitrotoluene, which is present in 
sediment, is the only identified human health COPC in the pond at 2.36-inch Rocket Range 1 PAOI. The 
metals barium, copper, lead, and zinc were identified as COPECs in the sediment for ecological receptors. 
In the surface water, lead was identified as a COPEC. No other contamination or source media were 
identified during this RI. 

Potential Receptors 

Potential human receptors are defined as individuals who may be exposed to site-related contaminants in 
environmental media. Consistent with USEPA (1989) guidance, current and reasonably anticipated land 
uses were considered in the receptor selection process. 

As discussed in Subchapter 2.1.1, the primary receptors at the former BTGR PAOIs include current and 
future residents, current and future commercial/industrial workers (e.g., site workers), current and future 
site visitors/recreational users, and ecological receptors. The activities performed by the 
commercial/industrial workers and site visitors are anticipated to be largely non-intrusive, resulting in 
exposure to surface soil. Construction workers; considered receptors at the Fixed Machine Gun Range 
PAOI, the Machine Gun/81mm Mortar Range PAOI, the 2.36-inch Rocket Range 1 PAOI, the 2.36-inch 
Rocket Range 2 PAOI, and the Remaining Lands PAOI; are assumed to reach an intrusive depth of up to 
10-15 feet, thus resulting in exposure to both surface and subsurface soil. Receptors at the Rocket and 
Scrap Dump (Fish Pond) PAOI include residents, commercial or industrial workers, site visitors, and 
ecological receptors. 

MEC-contaminated areas were not identified during the RI at the Scrap Pile PAOI, the Fixed Machine 
Gun Range PAOI, the Machine Gun/81mm Mortar Range PAOI, the 2.36-inch Rocket Range 2 PAOI, 
and the Remaining Lands PAOI. Therefore, MC contamination is not expected. The absence of an 
identified MC source at these PAOIs indicates neither human nor ecological receptors are expected to 
come into contact with MC at these PAOIs. 

Surface Water Exposure Pathways 

Potential exposure of residents, commercial or industrial workers, and site visitors to potential MC in 
surface water could occur via incidental ingestion and dermal contact. The surface water at the PAOI is 
not used as a drinking water source for human consumption. Potential exposure of ecological receptors to 
potential MC in surface water could occur via incidental ingestion, dermal/root contact, and ingestion as 
drinking water. Because MC sampling could not be completed during the RI due to ROE refusal, these 
exposure pathways are potentially complete, but were not quantitatively assessed. Because the vast 
majority of items previously removed were inert practice rounds and based on the results from a similar 
pond within the 2.36-inch Rocket Range 1 PAOI that was sampled during the RI, the likelihood of MC 
contamination remaining in the pond is considered minimal. 

Contract No. W912DY-10-D-0026; Task Order No. 0005 Page 4-21 
26 March 2013 



Final Report 
Remedial Investigation 

Brooksville Turret Gunnery Range (BTGR) 

Potential exposure of ecological receptors to COPECs in surface water at the pond within the 2.36-inch 
Rocket Range 1 PAOI could occur via incidental ingestion and root/dermal contact. Additionally, 
exposure to MC in surface water could occur through ingestion of fish and other biota that have been 
exposed to MC. However, as described in subsection 4.2.1, no COPCs were identified for human 
receptors, so the surface water exposure pathways are incomplete for current and future residents, 
commercial/industrial workers (e.g., site workers), site visitors, and construction workers. 

Sediment Exposure Pathways 

Potential exposure of residents, commercial or industrial workers, site visitors, and ecological receptors to 
potential MC in sediment could occur via incidental ingestion and dermal/root contact. Because MC 
sampling could not be completed during the RI due to ROE refusal, these exposure pathways are 
potentially complete, but were not quantitatively assessed. Because the vast majority of items previously 
removed were inert practice rounds and based on the results from a similar pond within the 2.36-inch 
Rocket Range 1 PAOI that was sampled during the RI, the likelihood of MC contamination remaining in 
the pond is considered minimal. 

Potential exposure of human receptors to COPCs in sediment at the pond within the 2.36-inch Rocket 
Range 1 PAOI could occur via incidental ingestion and dermal contact. As described in subsection 4.2.1, 
potential receptors that could be exposed to COPCs through these pathways include current and future 
residents, commercial/industrial workers (e.g., site workers), site visitors, and construction workers. 
These receptors could come into contact with MC in sediment. 

Potential exposure of ecological receptors to COPECs in sediment at the pond within the 2.36-inch 
Rocket Range 1 PAOI could occur via incidental ingestion and root/dermal contact. Additionally, 
exposure to MC in sediment could occur through ingestion of fish and other biota that have been exposed 
to MC. 

Incomplete Exposure Pathways 

As shown in the CSM and ECSM exposure pathway flow diagrams (Figure 4-1 through Figure 4-8), the 
following exposure pathways were evaluated and considered incomplete for human and ecological 
receptors at the former BTGR PAOIs: 

Surface and Subsurface Soil: 
• Rocket and Scrap Dump (Fish Pond) PAOI, 2.36-inch Rocket Range 1 PAOI, 2.36-inch 

Rocket Range 2 PAOI: No significant MEC contamination remains, as these PAOIs were 
subject to prior clearance activities. Therefore, MC contamination is not expected in the soil 
and the surface and subsurface soil exposure pathways are incomplete. 

• Scrap Pile PAOI, Fixed Machine Gun Range PAOI, Remaining Lands PAOI: No MEC-
contaminated areas were identified within these PAOIs. Therefore, MC contamination is not 
expected in the soil and the surface and subsurface soil exposure pathways are incomplete. 

Surface Water/Sediment: 
• Scrap Pile PAOI, Machine Gun/81mm Mortar Range PAOI: MC would not be directly 

released to the surface water or sediment at these PAOIs. Additionally, there is no perennial 
surface water at these PAOIs. Therefore, the surface water and sediment exposure pathways 
are incomplete. 

• Fixed Machine Gun Range PAOI, 2.36-inch Rocket Range 2 PAOI, Remaining Lands PAOI: 
MC would not be directly released to the surface water or sediment at this PAOI. MC 
contamination would have been released directly to the soil, which could then result in 
migration of MC to surface water and sediment via erosion/runoff. However, no MEC-
contaminated areas were identified. Therefore, MC contamination is not expected in the soil 
and the surface water and sediment exposure pathways are incomplete. 
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Ingestion of livestock/crops: There are no livestock or crops located within the former BTGR 
PAOIs, therefore no receptors would be exposed to COPCs via this pathway. 

Human ingestion of game/fish or other biota: 
• Rocket and Scrap Dump (Fish Pond) PAOI, Scrap Pile PAOI, 2.36-inch Rocket Range 1 

PAOI: No hunting or fishing occurs in these PAOIs. Therefore, it is not anticipated that 
humans would ingest game or other biota. Therefore, no human receptors would be exposed 
to COPCs via this pathway. 

• Fixed Machine Gun Range PAOI, Machine Gun/81mm Mortar Range PAOI, 2.36-inch 
Rocket Range 2 PAOI, Remaining Lands PAOI: No MEC-contaminated areas were identified 
within these PAOIs. Therefore, no human receptors would be exposed to COPCs via this 
pathway. 

Inhalation of volatiles from surface soil or groundwater: None of the COPCs identified at the former 
BTGR PAOIs are volatile compounds. Therefore, no receptors would be exposed to COPCs via this 
pathway. 
Groundwater: 

• Scrap Pile PAOI, Fixed Machine Gun Range PAOI, 2.36-inch Rocket Range 2 PAOI, 
Remaining Lands PAOI: MC would not be directly released to the groundwater at these 
PAOIs. MC contamination would have been released directly to the soil, which could then 
result in migration of MC to groundwater via leaching. However, no MEC-contaminated 
areas were identified. Therefore, MC contamination is not expected in the soil and the 
groundwater exposure pathways are incomplete. 

This space is intentionally left blank. 
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Table 4.6 
Details and Results of Remedial Investigation and Overview of Revised Conceptual Site Model, 

Brooksville Turret Gunnery Range, Hernando County, Florida 

Munitions Response Site Details 

DETAILS AND RESULTS OF REMEDIAL INVESTIGATION CONCEPTUAL SITE MODEL SUMMARY 

Known or Suspected 

Contamination Source(s) 

Potential/Suspected 

Location and Distribution 

Investigation 

Method(s) 

Investigation 

Location(s) 

Investigation Acreage/ 

Number of Samples 

Investigation 

Results 

Confirmed 

Contamination Source(s) 

Confirmed Location 

and Distribution 

Source or 

Exposure Medium 

Current and 

Future Receptors 

Complete 

Exposure Pathways 

NAME: ROCKET AND SCRAP DUMP 
PAOI (FISH POND) 

Acreage: Up to 0.1 acre 
Suspected Past DoD Activities (release 

mechanisms): 
Disposal of munitions-related and other 
debris directly into pond 

Current and Future Land Use: 

Residential 

MEC: 
Rocket, 2.36-inch, HEAT, M6 

Small arms ammunition up to 

.50 caliber 

No significant MEC 

contamination remaining; 

PAOI subject to prior MEC 

clearance 

Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable 

Munitions Constituents: 

Preliminary COPCs were explosives 

and metals (antimony, barium, copper, 

lead, and zinc) 

Potentially present in surface 

water and/or sediment (pond) 

in PAOI 

Not applicable. 

MC samples 

were not 

collected 

Not applicable. 

Sampling was not 

conducted as planned 

due to ROE refusal 

Not applicable. Sampling was 

not conducted as planned due 

to ROE refusal 

Not applicable. 

Sampling was not 

conducted as 

planned due to ROE 

refusal 

Not applicable. Sampling was not 

conducted as planned due to ROE 

refusal. Presence of preliminary 

COPCs is assumed 

Not applicable. 

Sampling was not 

conducted as planned 

due to ROE refusal so 

the location and 

distribution of MC 

could not be 

confirmed 

Surface 

water/sediment 

Residents, 

commercial or 

industrial workers, 

site visitors, 

ecological 

receptors 

Sampling was not 

conducted as planned 

due to ROE refusal. 

The potential presence 

of preliminary COPCs 

has to be assumed and 

the MC exposure 

pathways are 

considered to be 

potentially complete 

Groundwater 
(not expected but decision 
rules provided to address 
possibility) 

Not applicable. 

MC samples 

were not 

collected 

Not applicable. 

Sampling was not 

conducted as planned 

due to ROE refusal 

Not applicable. Sampling was 

not conducted as planned due 

to ROE refusal 

Not applicable. 

Sampling was not 

conducted as 

planned due to ROE 

refusal 

Not applicable. Sampling was not 

conducted as planned due to ROE 

refusal. Presence of preliminary 

COPCs is assumed 

Not applicable. 

Sampling was not 

conducted as planned 

due to ROE refusal so 

the location and 

distribution of MC 

could not be 

confirmed 

Groundwater (via 

leaching from soil) 

Residents, 

commercial or 

industrial workers, 

site visitors 

Sampling was not 

conducted as planned 

due to ROE refusal. 

The potential presence 

of preliminary COPCs 

has to be assumed and 

the MC exposure 

pathways are 

considered to be 

potentially complete 

NAME: SCRAP PILE PAOI 
Acreage: Approximately 20 acres (defined 

as 50-ft buffer either side of 
roads throughout potential 
disposal area) 

Suspected Past DoD Activities (release 
mechanisms): 
Disposal of military debris on soil surface 
either side of area roads; no burial 
activities suspected 

Current and Future Land Use: 

Residential 

MEC: 
Unknown (not anticipated) 

MEC not expected; however, 

if present, most likely 

concentrated in one or more 

piles in PAOI; no subsurface 

MEC suspected 

IAR and 
physical 
inspection 

IAR transects across 
PAOI at approx. 15-ft 
spacing 
Any identified metal 
scrap piles greater than 
10 feet across. 

6.2 acres No MEC or MD 

found 

None Not applicable Not applicable Not applicable None 

Munitions Constituents: 

Preliminary COPCs were explosives 

and metals (antimony, barium, copper, 

lead, and zinc) 

Potentially present in soil in 

high density MEC areas only 

Not applicable. 

MC samples 

were not 

collected 

Not applicable. MEC-

contaminated areas 

were not encountered, 

so MC samples were 

not necessary. COPCs 

not anticipated based 

on lack of identified 

source 

Not applicable No COPCs 

anticipated based on 

absence of MEC-

contaminated areas 

None Not applicable Surface and 

subsurface soil 

Not applicable None 

Groundwater 
(not expected but decision 
rules provided to address 
possibility ) 

Not applicable. 

MC samples 

were not 

collected 

Not applicable. MEC-

contaminated areas 

were not encountered, 

so MC samples were 

not necessary. COPCs 

not anticipated based 

on lack of identified 

source 

Not applicable No COPCs 

anticipated in 

groundwater based 

on absence of MEC-

contaminated areas 

None Not applicable Groundwater (via 

leaching from soil) 

Not applicable None 
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Table 4.6, continued 
Details and Results of Remedial Investigation and Overview of Revised Conceptual Site Model, 

Brooksville Turret Gunnery Range, Hernando County, Florida 

Munitions Response Site Details 

DETAILS AND RESULTS OF REMEDIAL INVESTIGATION CONCEPTUAL SITE MODEL SUMMARY 

Known or Suspected 

Contamination Source(s) 

Potential/Suspected 

Location and Distribution 

Investigation 

Method(s) 

Investigation 

Location(s) 

Investigation Acreage/ 

Number of Samples 

Investigation 

Results 

Confirmed 

Contamination Source(s) 

Confirmed Location 

and Distribution 

Source or 

Exposure Medium 

Current and 

Future Receptors 

Complete 

Exposure Pathways 

NAME: FIXED MACHINE GUN RANGE 
PAOI 

Acreage: 1,129 acres 
Suspected Past DoD Activities (release 

mechanisms): 
Anti-aircraft gunnery training 

Current and Future Land Use: 

Residential, commercial/industrial, 

undeveloped land 

MEC: 
Projectile, 40mm, Practice 

Small arms ammunition up to 

.50 caliber 

MEC not expected; probability 

of finding MEC contaminated 

areas is equally distributed 

across PAOI 

Analog (“mag 
and dig”) 
investigations 
and DGM and 
intrusive 
investigation 

DGM and 
intrusive – 
removal work 

Area previously 
investigated during 
1999 EE/CA. MD was 
found during EE/CA. 
Multiple 100-ft by 100-ft 
grids, located randomly 
throughout PAOI 

Portion within Suncoast 
Parkway Clearance 
1999 

Analog and DGM surveys: 
22.6 acres (including 7.9 acres 
investigated during 1999 
EE/CA) 
Intrusive investigation: 
Investigate all anomalies that 
might be representative of MEC 

Use of existing data from 
Suncoast Parkway Clearance. 

No MEC or MD 

found 

.50 cal and 40 mm 

projectiles. No UXO 

found 

None 

No MEC found therefore, highly 

unlikely, none. 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

None 

None 

Munitions Constituents: 

Preliminary COPCs were explosives 

and metals (antimony, barium, copper, 

lead, and zinc) 

Potentially present in soil in 

high density MEC areas only 

Not applicable. 

MC samples 

were not 

collected 

Not applicable. MEC-

contaminated areas 

were not encountered, 

so MC samples were 

not necessary. COPCs 

not anticipated based 

on lack of identified 

source 

Not applicable No COPCs 

anticipated based on 

absence of MEC-

contaminated areas 

None Not applicable Surface and 

subsurface soil 

Not applicable None 

Groundwater 

(not expected but decision 

rules provided to address 

possibility ) 

Not applicable. 

MC samples 

were not 

collected 

Not applicable. MEC-

contaminated areas 

were not encountered, 

so MC samples were 

not necessary. COPCs 

not anticipated based 

on lack of identified 

source 

Not applicable No COPCs 

anticipated in 

groundwater based 

on absence of MEC-

contaminated areas 

None Not applicable Groundwater (via 

leaching from soil) 

Not applicable None 

NAME: MACHINE GUN / 81mm 
MORTAR RANGE PAOI 

Acreage: 2,219 acres 
Suspected Past DoD Activities (release 

mechanisms): 
Anti-aircraft gunnery and mortar training 

Current and Future Land Use: 
Residential, commercial/industrial, 

undeveloped land 

MEC (Eastern and Western Portions – 
1,681 acres): 
Mortar, 81mm, HE 
Mortar, 81mm, Practice 
Rocket, 3.25-inch, Practice 
Projectile, 40mm, Practice 
Small arms ammunition up to 
.50 caliber 

If present, MEC would be the 
result of 81mm mortar training 
and would be concentrated at 
one or more impact area(s) 

DGM and 
intrusive 
investigation 

DGM and 
intrusive – 
removal work 

DGM transects across 
area at approx. 420-ft 
spacing (sufficient to 
locate 300-ft radius 
target area to a 90% 
conf. level) (a) 

If high anomaly density 
areas detected, locate 
100-ft by 100-ft grid(s) 
in highest density 
portion(s) 

Portion within Suncoast 
Parkway Clearance 
1999 

DGM surveys: 
Transects – ~13 acres 
Grids – as necessary, based on 
results from DGM transects 
Intrusive investigation: 
Investigate all single point 
anomalies in grids that might be 
representative of MEC 
(intrusive investigation in grids 
only) 

Use of existing data from 
Suncoast Parkway Clearance. 

No MEC found. MD 

( .50 cal projectile) 

found 

MD, .50 
cal and 40 mm 
projectiles and 3.25 
practice rockets. No 
UXO found 

No MEC found therefore, none 

No MEC found therefore, highly 

unlikely, none. 

Not 
applicable 

Not applicable 

Not applicable 

Not applicable 

Not 
applicable 

Not applicable 

None 

None 

MEC (Central Portion – 538 acres): 
Mortar, 81mm, HE 
Mortar, 81mm, Practice 
Projectile, 40mm, Practice 
Small arms ammunition up to 
.50 caliber 

If present, MEC would be the 
result of 81mm mortar training 
and would be concentrated at 
one or more impact area(s) 

Analog (“mag 
and dig”) 
investigations 

Multiple residential 
parcels, located 
randomly throughout 
area 

Analog surveys: 
22.2 acres of parcels 
Intrusive investigation: 
Investigate all anomalies that 
might be representative of MEC 

No MEC or MD 

found 

No MEC found therefore, none Not applicable Not applicable Not applicable None 
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Table 4.6, continued 
Details and Results of Remedial Investigation and Overview of Revised Conceptual Site Model, 

Brooksville Turret Gunnery Range, Hernando County, Florida 

Munitions Response Site Details 

DETAILS AND RESULTS OF REMEDIAL INVESTIGATION CONCEPTUAL SITE MODEL SUMMARY 

Known or Suspected 

Contamination Source(s) 

Potential/Suspected 

Location and Distribution 

Investigation 

Method(s) 

Investigation 

Location(s) 

Investigation Acreage/ 

Number of Samples 

Investigation 

Results 

Confirmed 

Contamination Source(s) 

Confirmed Location 

and Distribution 

Source or 

Exposure Medium 

Current and 

Future Receptors 

Complete 

Exposure Pathways 

Munitions Constituents: 

Preliminary COPCs were explosives 

and metals (antimony, barium, copper, 

lead, and zinc) 

Potentially present in soil in 

high density MEC areas only 

Not applicable. 

MC samples 

were not 

collected 

Not applicable. MEC-

contaminated areas 

were not encountered, 

so MC samples were 

not necessary. COPCs 

not anticipated based 

on lack of identified 

source 

Not applicable No COPCs 

anticipated based on 

absence of MEC-

contaminated areas 

None Not applicable Surface and 

subsurface soil 

Not applicable None 

Groundwater 

(not expected but decision 

rules provided to address 

possibility ) 

Not applicable. 

MC samples 

were not 

collected 

Not applicable. MEC-

contaminated areas 

were not encountered, 

so MC samples were 

not necessary. COPCs 

not anticipated based 

on lack of identified 

source 

Not applicable No COPCs 

anticipated in 

groundwater based 

on absence of MEC-

contaminated areas 

None Not applicable Groundwater (via 

leaching from soil) 

Not applicable None 

NAME: 2.36-INCH ROCKET RANGE 1 
PAOI 

Acreage: 87 acres 
Suspected Past DoD Activities (release 

mechanisms): 
Training with anti-tank rockets 

Current and Future Land Use: 
Residential, commercial/industrial 

MEC: 
Mortar, 60mm, HE 
Rocket, 2.36-inch, HEAT 
Rocket, 2.36-inch, Practice 

No significant MEC 

contamination remaining; 

PAOI subject to prior MEC 

clearance however, a few 

number of parcels were not 

investigated due to no ROE 

Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable 

Munitions Constituents: 

Preliminary COPCs were explosives 

and metals (antimony, barium, copper, 

lead, and zinc) 

Potentially present in surface 

water and/or sediment (pond) 

in PAOI 

Collect discrete 

surface water 

and sediment 

samples and 

analyze for MC 

Pond within PAOI Eight (8) surface 

water/sediment co-located 

samples 

One human health 

COPC and four 

ecological COPECs 

detected in sediment 

One ecological 

COPEC detected in 

surface water 

Munitions Constituents: 

Confirmed human health COPC in 

sediment is 2,4,6-trinitrotoluene 

Confirmed ecological COPECs in 

sediment are barium, copper, lead, 

and zinc 

Confirmed ecological COPEC in 

surface water is lead 

Pond within PAOI Surface water and 

sediment 

Residents, 

construction 

workers, 

commercial/industri 

al workers, site 

visitors, and 

ecological 

receptors 

Exposure to MC in 

surface water/sediment 

(incidental ingestion 

and dermal/root 

contact, ingestion of 

fish and other biota by 

ecological receptors) 

NAME: 2.36-INCH ROCKET RANGE 2 
PAOI 

Acreage: 88 acres 
Suspected Past DoD Activities (release 

mechanisms): 
Training with anti-tank rockets 

Current and Future Land Use: 

Residential, commercial/industrial 

MEC: 

Rocket, 2.36-inch, HEAT 

Rocket, 2.36-inch, Practice 

Minimal MEC contamination 

remaining (most of PAOI 

subject to prior MEC 

clearance and only a few 

number of parcels were not 

investigated due to no ROE); 

If present, MEC would be 

concentrated at an impact 

area. 

DGM and 

intrusive 

investigation 

Two (DGM transects 
across the uncleared 
area at approx. 375-ft 
spacing (sufficient to 
locate 400-ft by 1,000-ft 
oval target area to a 
90% conf. level) (a) 

If high anomaly density 

areas detected, locate 

100-ft by 100-ft grid(s) 

in highest density 

portion(s) 

DGM surveys: 

0.20 acres of transect DGM 

investigated during the NTCRA. 

Intrusive investigation: 

Investigate all single point 

anomalies in grids that might be 

representative of MEC 

(intrusive investigation in grids 

only) 

Area proposed 

already investigated 

during the NTCRA. 

MEC (2.36 Inch 

Rocket, HE) and 

related MD found 

NTCRA – parcels within PAOI NTCRA – parcels 

within footprint of 

inferred 2.36 Inch 

Rocket Range 

Soil Residents, 

construction 

workers, 

commercial/industri 

al workers, and 

site visitors 

Potential Exposure to 

MEC in soil if still 

present on some 

parcels 

Munitions Constituents: 

Not applicable 
No significant MC 

contamination present. No 

COPCs detected during prior 

NTCRA. 

Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable None 
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Table 4.6, continued 
Details and Results of Remedial Investigation and Overview of Revised Conceptual Site Model, 

Brooksville Turret Gunnery Range, Hernando County, Florida 

Munitions Response Site Details 

DETAILS AND RESULTS OF REMEDIAL INVESTIGATION CONCEPTUAL SITE MODEL SUMMARY 

Known or Suspected 

Contamination Source(s) 

Potential/Suspected 

Location and Distribution 

Investigation 

Method(s) 

Investigation 

Location(s) 

Investigation Acreage/ 

Number of Samples 

Investigation 

Results 

Confirmed 

Contamination Source(s) 

Confirmed Location 

and Distribution 

Source or 

Exposure Medium 

Current and 

Future Receptors 

Complete 

Exposure Pathways 

NAME: REMAINING LANDS PAOI 
(Northern Area and Southern 
Developed Area) 

Acreage: 7,377 acres 
Suspected Past DoD Activities (release 

mechanisms): 
Unknown 

Current and Future Land Use: 
Residential, 
commercial/industrial 

MEC (Northern Area – 3,617 acres): 
Small arms ammunition up to 
.50 caliber 

MEC not expected; probability 
of finding MEC contaminated 
areas is equally distributed 
across PAOI 

Analog (“mag 
and dig”) 
investigations 
and DGM and 
intrusive 
investigation 

Area previously 
investigated during 
1999 EE/CA 
Multiple 100-ft by 100-ft 
grids, located randomly 
throughout PAOI 

Analog and DGM surveys: 
22.9 acres (including 
18.3 acres investigated during 
1999 EE/CA) 
Intrusive investigation: 
Investigate all anomalies that 
might be representative of MEC 

No MEC or MD 

found 

No MEC found therefore, none Not applicable Not applicable Not applicable None 

MEC (Southern Developed Area – 
3,760 acres): 
Small arms ammunition up to 
.50 caliber 

MEC not expected; probability 
of finding MEC contaminated 
areas is equally distributed 
across PAOI 

Analog (“mag 
and dig”) 
investigations 

Multiple residential 
parcels, located 
randomly throughout 
PAOI 

Analog surveys: 
22.7 acres of parcels 
Intrusive investigation: 
Investigate all anomalies that 
might be representative of MEC 

No MEC or MD 

found 

No MEC found therefore, none Not applicable Not applicable Not applicable None 

Munitions Constituents: 

Preliminary COPCs were explosives 

and metals (antimony, barium, copper, 

lead, and zinc) 

Potentially present in soil in 
high density MEC areas only 

Not applicable. 

MC samples 

were not 

collected 

Not applicable. MEC-

contaminated areas 

were not encountered, 

so MC samples were 

not necessary. COPCs 

not anticipated based 

on lack of identified 

source 

Not applicable No COPCs 

anticipated based on 

absence of MEC-

contaminated areas 

None Not applicable Surface and 

subsurface soil 

Not applicable None 

Groundwater 
(not expected but decision 
rules provided to address 
possibility ) 

Not applicable. 

MC samples 

were not 

collected 

Not applicable. MEC-

contaminated areas 

were not encountered, 

so MC samples were 

not necessary. COPCs 

not anticipated based 

on lack of identified 

source 

Not applicable No COPCs 

anticipated in 

groundwater based 

on absence of MEC-

contaminated areas 

None Not applicable Groundwater (via 

leaching from soil) 

Not applicable None 

NAME: REMAINING LANDS PAOI 
(Southeastern and 
Southwestern Undeveloped 
Areas) 

Acreage: 2,120 acres 
Suspected Past DoD Activities (release 

mechanisms): 
Unknown 

Current and Future Land Use: 

Residential, commercial/industrial 

MEC (Southeastern Undeveloped 
Area): 

Rocket, 3.25 – Inch, Practice, Small 

arms ammunition up to .50 caliber 

MEC not expected 
(investigation based on 
impact area for 3.25-inch 
rocket) 

DGM and 
intrusive 
investigation 

DGM and 

intrusive – 
removal work 

DGM transects across 
PAOI at approx. 500-ft 
spacing (sufficient to 
locate 600-ft by 1,000-ft 
oval target area to a 
90% conf. level) (a) 

If high anomaly density 
areas detected, locate 
100-ft by 100-ft grid(s) 
in highest density 
portion(s) 

Portion within Suncoast 
Parkway Clearance 
1999 

DGM surveys: 
Transects – ~2.4acres 
Grids – as necessary, based on 
results from DGM transects 
Intrusive investigation: 
Investigate all single point 
anomalies in grids that might be 
representative of MEC 
(intrusive investigation in grids 
only) 

Use of existing data from 

Suncoast Parkway Clearance. 

No MEC or MD 

found. 

MD, .50 cal 

projectiles and 3.25 

practice rockets, No 

UXO 

No MEC found therefore, none 

No MEC found therefore, highly 

unlikely, none 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

None 

None 
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Table 4.6, continued 
Details and Results of Remedial Investigation and Overview of Revised Conceptual Site Model, 

Brooksville Turret Gunnery Range, Hernando County, Florida 

Munitions Response Site Details 

DETAILS AND RESULTS OF REMEDIAL INVESTIGATION CONCEPTUAL SITE MODEL SUMMARY 

Known or Suspected 

Contamination Source(s) 

Potential/Suspected 

Location and Distribution 

Investigation 

Method(s) 

Investigation 

Location(s) 

Investigation Acreage/ 

Number of Samples 

Investigation 

Results 

Confirmed 

Contamination Source(s) 

Confirmed Location 

and Distribution 

Source or 

Exposure Medium 

Current and 

Future Receptors 

Complete 

Exposure Pathways 

MEC (Southwestern Undeveloped 
Area): 
Small arms ammunition up to 
.50 caliber 

MEC not expected 
(investigation based on 
impact area for 2.36-inch 
rocket) 

DGM and 
intrusive 
investigation 

DGM transects across 
PAOI at approx. 375-ft 
spacing (sufficient to 
locate 400-ft by 1,000-ft 
oval target area to a 
90% conf. level) (a) 

If high anomaly density 
areas detected, locate 
100-ft by 100-ft grid(s) 
in highest density 
portion(s) 

DGM surveys: 
Transects – ~9.5 acres 
Grids – as necessary, based on 
results from DGM transects 
Intrusive investigation: 
Investigate all single point 
anomalies in grids that might be 
representative of MEC 
(intrusive investigation in grids 
only) 

No MEC found. MD 

( 60mm Mortar Fin) 

found 

No MEC found therefore, none Not applicable Not applicable Not applicable None 

Munitions Constituents: 

Preliminary COPCs were explosives 

and metals (antimony, barium, copper, 

lead, and zinc) 

Potentially present in soil in 
high density MEC areas only 

Not applicable. 

MC samples 

were not 

collected 

Not applicable. MEC-

contaminated areas 

were not encountered, 

so MC samples were 

not necessary. COPCs 

not anticipated based 

on lack of identified 

source 

Not applicable No COPCs 

anticipated based on 

absence of MEC-

contaminated areas 

None Not applicable Surface and 

subsurface soil 

Not applicable None 

Groundwater 
(not expected but decision 
rules provided to address 
possibility ) 

Not applicable. 

MC samples 

were not 

collected 

Not applicable. MEC-

contaminated areas 

were not encountered, 

so MC samples were 

not necessary. COPCs 

not anticipated based 

on lack of identified 

source 

Not applicable No COPCs 

anticipated in 

groundwater based 

on absence of MEC-

contaminated areas 

None Not applicable Groundwater (via 

leaching from soil) 

Not applicable None 

ALL MUNITIONS RESPONSE SITES MC (post detonation): 
Explosives 

At MEC detonation locations Not applicable. 

Detonation 

activities did not 

take place 

during RI, so 

post-detonation 

MC samples 

were not 

collected 

Not applicable. 

Detonation activities did 

not take place during RI 

Not applicable Not applicable Not applicable Not applicable Surface soil and 
subsurface soil 

Not applicable None 

(a) Statistical confidence of transect traversing stipulated target size(s) will be analyzed using the Visual Sample Plan software tool. 
(b) Statistical confidences concerning MEC densities at the project site will be analyzed using the UXO Estimator software tool. 

2 = Revised EE/CA Report (Parsons, 2004) MC = Munitions Constituents 
3 = Suncoast Parkway Ordnance Removal Report (Parsons, 1999) MD = Munitions Debris 
4 = SSIR, Phase I (ECC, 2006) MEC = Munitions and Explosives of Concern 
5 = SSIR, Phase II, Step 1 (Parsons 2008) PAOI = Potential Area of Interest 
6 = SSIR, Phase II, Step 2 (Parsons 2010) SSIR = Site-Specific Interim Report 
7 = Draft Final SSIR, Phase II, Step 5 (Parsons 2010) VSP = Visual Sample Plan (sample design software tool) 

Sources: 
1 = ASR (USACE, 1995) 

DGM = Digital Geophysical Mapping 
IAR = Instrument-aided Reconnaissance 
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4.3 DELINEATION OF MUNITIONS RESPONSE SITES 

4.3.1 Background 

On October 1, 2011, USACE published the FUDS handbook Realignment, Delineation, and MRS 
Prioritization Protocol Implementation. As stated in Chapter 1 of this guidance, realignment is the 
process of restructuring the data in FUDSMIS for FUDS properties with MMRP projects that were in 
FUDSMIS prior to October 1, 2008. Realignment ensures that each MRS will be part of a Munitions 
Response Area (MRA) and will be equivalent to an MMRP project. Delineation refers to the process of 
revising MMRP projects/MRSs by splitting or further defining MRSs at previously identified MRAs as 
necessary for more efficient project management. The RI was performed on the former BTGR MRS 
consisting of 8,289 acres defined by FUDSMIS (Figure E-2, Appendix E). The former BTGR MRS will 
be delineated in FUDSMIS into two new MRSs based on the data collected during RI field effort. 

Based on this guidance, the seven PAOIs that were originally the subject of this RI are recommended to 
be delineated in accordance with the aforementioned guidance. The supporting criteria for the delineation 
included geographic setting, anticipated response, management efficiency, land use, ROE status, and 
project complexity. The former BTGR FUDS has been delineated into the following two MRSs: 

2.36 Inch Rocket Ranges MRS, and; 

Remaining Lands MRS. 

These two MRSs (referred to hereafter collectively as the “delineated MRSs”) are shown on Figure E-11 
in Appendix E and are summarized in Table 4.7. 

4.3.2 Delineated Munitions Response Sites 

2.36 Inch Rocket Ranges MRS (recommend as MRS01) 

The 2.36 Inch Rocket Ranges MRS consists of 279.33 acres of noncontiguous land. This MRS comprises 
the Phase 1 and Phase 2 Removal Areas associated with the 2.36 Inch Rocket Range 1 PAOI in Sector D1 
and the 2.36 Inch Rocket Range 2 PAOI in Sector D3. This boundary is based on the extent of 
concentrated munitions use and likely MEC contaminated area derived from the NTCRA results. MEC-
contaminated areas are not expected to remain within the former BTGR; if any remain, they are expected 
to occur within these boundaries. Analysis of the data collected during the RI (which includes all data 
from the NTCRA) show that all parcels without ROEs had properties around them that were investigated 
and did not contain MEC with the exception of two properties. All of the properties within the MRS with 
the exception of these two properties would have a low probability for encountering MEC. Less than 1% 
of the properties within this MRS, i.e., the two properties without ROEs that abut an area where MEC 
was discovered, would be a moderate to low probability of encountering MEC. The known or suspected 
munitions within the MRS are listed in Table 4.7. (Note that the receptors and munitions types represent a 
combination of those within each of the original PAOIs; therefore, not all receptors or munitions types 
occur uniformly across the delineated MRSs.). Given the extent of previous removal actions with no 
QA/QC failures, and the UXO Estimator confidence interval of 0.1 MEC/acre, the data indicate 
adequate coverage of the MRS and support the conclusion that further presence of MEC is 
highly unlikely. 
Remaining Lands MRS (recommend as MRS02) 

The Remaining Lands MRS consists of 8,009.67 acres of land. This MRS comprises all other areas within 
FUDS not included in the 2.36 Inch Rocket Ranges MRS; i.e., areas previously identified as Remaining 
Lands as well as the remaining five PAOIs identified during the initial phases of this RI, including: 
Remaining Land Areas PAOI; Rocket and Scrap Dump (Fish Pond) PAOI; Scrap Pile PAOI; Fixed 
Machine Gun Range PAOI; and Machine Gun/81mm Mortar Range PAOI. The Scrap Dump (Fish Pond) 
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PAOI could not be investigated for MC during the RI due to ROE refusal by the property owner. On the 
basis of the RI results from previous and most recent investigations (including several UXO clearances, 
EE/CA, removal actions and the RI), the likelihood of the presence of MEC at this MRS has diminished 
over time either as a result of the fact that MEC may have been present, but have been removed, or that 
there are none present in the MRS since none were found during the extensive RI coverage. This is 
supported by the UXO Estimator conclusion indicating a confidence interval of less than 0.1 MEC/acre 
for the entire MRS; therefore,, MEC-contaminated areas are not expected in this MRS. (Note that the 
receptors and munitions types represent a combination of those within each of the original PAOIs; 
therefore, not all receptors or munitions types occur uniformly across the delineated MRSs.). 

4.3.3 Revised Conceptual Site Models and Potentially Complete Exposure Pathways for Delineated 
Munitions Response Sites 

Table 4.3 “Revised Conceptual Site Models and Potentially Complete Exposure Pathways” has been 
updated with regards to the delineated MRSs (Table 4.8). Graphical depictions and summary tables for 
these revised CSMs and ECSM are included below as Figures 4-9 and 4-11. For informational purposes 
and to preserve clear historical documentation, the graphical depictions and summary tables for the CSMs 
associated with the original PAOIs are included in the previous subchapters. 

Based on results of previous historical investigations and this RI, if isolated MEC items remain within the 
former BTGR, they are expected to be present within the 2.36 Inch Rocket Ranges MRS however, with 
the majority of the properties with low probability of encountering MEC and only 1% of the properties 
w/out ROE with moderate to low probability of encountering MEC. Therefore, the MEC exposure 
pathways are potentially complete for this MRS. Previous soil sampling has indicated the absence of 
complete MC soil exposure pathways. Complete surface water and sediment MC exposure pathways were 
identified at the pond within the 2.36 Inch Rocket Ranges MRS. As described above in subsection 4.2.3, 
potential exposure of ecological receptors to COPECs in surface water at the pond could occur via 
incidental ingestion and root/dermal contact, as well as ingestion of fish and other biota that have been 
exposed to MC in surface water. However, as described in subsection 4.2.1, no COPCs were identified for 
human receptors, so the surface water exposure pathways are incomplete for current and future residents, 
commercial/industrial workers (e.g., site workers), site visitors, and construction workers. Potential 
exposure of human receptors to COPCs in sediment at the pond could occur via incidental ingestion and 
dermal contact. As described in subsection 4.2.3, potential receptors that could be exposed to COPCs 
through these pathways include current and future residents, commercial/industrial workers (e.g., site 
workers), site visitors, and construction workers. These receptors could come into contact with MC in 
sediment. Finally, potential exposure of ecological receptors to COPECs in sediment at the pond could 
occur via incidental ingestion and root/dermal contact, as well as ingestion of fish and other biota that 
have been exposed to MC in sediment. The extent of MC contamination within the 2.36 Inch Rocket 
Ranges MRS is limited to this pond, and therefore, the extent of MC contamination is assumed to be 
minimal and highly localized in the pond. A review of water wells in the former BTGR area reveals the 
nearest well is located approximately 0.6 miles southwest of the pond. 

Based on results of previous historical investigations and this RI, no complete MEC exposure pathways 
are present at the Remaining Lands MRS. If isolated MEC items remain within the former BTGR, they 
are expected to be present within the 2.36 Inch Rocket Ranges MRS. Based on the lack of MEC 
contamination, no complete MC exposure pathways are present at the Remaining Lands MRS with the 
exception of the Fish Pond (previously referred to as the Rocket and Scrap Pile (Fish Pond) PAOI. As 
previously discussed, samples could not be collected and MC presence or absence could not be 
determined during the RI. Potentially complete surface water and sediment exposure pathways within the 
Remaining Lands MRS are applicable to the Fish Pond only. With regards to all other areas within the 
Remaining Lands MRS, the absence of complete MC exposure pathways also means that unacceptable 
risks to human health or the environment as a result of exposure to MC are not anticipated at this MRS. 
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CONCEPTUAL SITE MODEL DIAGRAM 
Site/MRS Name: BROOKSVILLE TGR - 2.36 Inch Rocket Ranges MRS01 

Completed By: Colleen Conklin, PARSONS Date Completed: February 14, 2013 
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Site/MRS Name-: Former Brooksville TGR- 2.36- inch 'Rocket Ranges MRS□ ·I 

Complet,ed By: Cortnie Lewis, PARSONS 
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Figure 4-11 
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CONCEPTUAL SITE MODEL DIAGRAM 
Site/MRS Name: BROOKSVILLE TGR - Remaining Lands MRS02 

Completed By: Colleen Conklin, PARSONS Date Completed: February 14, 2013 
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Table 4.7 
Delineated Munitions Response Sites 

Brooksville Turret Gunnery Range, Hernando County, Florida 

Delineated MRS 
Area 

(Acres) Description Associated Original PAOI or Area 

2.36 Inch Rocket 
Ranges MRS 

279.33 Extent of potential MEC-
contaminated areas (Note: 
Although MEC-contamination is 
not expected to remain, isolated 
MEC findings would be 
anticipated to occur within this 
MRS.) 

Phase 1 and Phase 2 Removal Areas 
associated the 2.36 Inch Rocket Range 
1 PAOI and 2.36 Inch Rocket Range 2 
PAOI within the D1 and D3 Sectors 

Remaining Lands 
MRS 

8,009.67 Areas within the FUDS boundary 
where MEC contamination is not 
expected 

All other areas within FUDS not 
included in the 2.36 Inch Rocket 
Ranges MRS 

Includes Remaining Land Areas PAOI; 
Rocket and Scrap Dump (Fish Pond) 
PAOI; Scrap Pile PAOI; Fixed Machine 
Gun Range PAOI; and Machine 
Gun/81mm Mortar Range PAOI 

This space is intentionally left blank. 
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DETAILS AND RESULTS OF REMEDIAL INVESTIGATION CONCEPTUAL SITE MODEL SUMMARY 

Munitions Response Site 
Details <1> 

NAME:2.36 Inch Rocket 
Ranges MRS0l 

Ac.reage: 279.33 acres 
Suspt>cted Past DoD Activities 

(release mechanisms): 
Training with anti-tank 
rockets 
[Includes Phase I and Phase 
2 Removal Areas associated 
the 2.36 Inch Rocket Range I 
PAOI and 2.36 Inch Rocket 
Range 2 P AOI within the D I 
and D3 Sectors] 
CuITent and Future Land 

Use: 
Residential, 
commercial/industrial 

Known or Suspected 
Contamination Source(s) 

MEC : 
Mortar, 60mm, HE 
Rocket, 2.36-inch, HEAT 
Rocket, 2.36-inch, Practice 
Small anns ammllllition up 
to .50 caliber 

Munitions Constituents: 

Prelinunary COPCs were 

explosives and metals 
(antimony, barium, copper, 

lead, and zinc) 
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Potential/Suspected 
Location and 
Distribution 

No significant MEC 

contamination 
remaining; most of 

MRS subject to prior 
MEC clearance 

(NTCRA). If isolated 
MEC ite1ns remain, 

sw-face and 
subsurface 

Potentially present in 
sw-face water and/or 

sediment (pond) 

Investigati 
Investigation 

on 
Location(s) 

Method(s) 

No No additional 

additional investigation 
investigatio under the RI -

11 nnder the NTCRA already 
RI - perfo1med 

NTCRA 
already 

perfom1ed. 

Collect Pond within 
discrete MRS 

surface 
water and 

sediment 
sa111ples 

and analyze 
for MC 

Investigation 
Acreage/ 

Number of Samples 

Not applicable 

Eight (8) surface 
water/sediment co

located samples 

Investigation 
Results 

Not applicable 

One human 
healthCOPC 

and four 
ecological 

COPECs 
detected in 

sediment 
One ecological 
COPEC 

detected in 
surface water 

Confirmed 
Contamination Source(s) 

No additional investigation 

under the RI -

contamination sources 

already identified in 
NTCRA 

Confirmed 
Location 

and 
Distribution 

No additional 

investigation 
w1der the RI -

location and 
distribution 

already 
identified 

during NTCRA. 
NTCRA results 

inc01porated in 
Figure E.11 in 
AppendixE. 

Previous soil sampling Pond within 
indicates no COPCs in soil. MRS only. 

COPCs identified dwmg 
the RI apply only to the 
pond within the 2.36 Inch 

Rocket Range 1 P AOI 

(within Sector DI) : 

• Confirmed hwnan 
health COPC in 
sediment 1s 2,4,6-
trinitrntoluene 

• Confirmed ecological 
COPECs in sediment 
are barium, copper, 
lead, and zinc 

• Confinned ecological 
COPEC m surface 
water is lead 

Source or 

Exposure 
Medium 

Soil 

Surface water 
and sediment 

Currt>nt and 
Future 

Receptors 

Residents, 

construction 
workers, 

c-onunercial/i 
ndustrial 

workers, 
recreational 

users and site 
visitors, and 

ecological 
receptors 

Residents, 

construction 

workers, 
commercial/i 

ndustrial 
workers, 

recreational 
users and site 
visitors, and 

ecological 
receptors 

Complete 

Exposure 
Pathways 

Very low 

prnbability (most 
of MRS subject 

to priorMEC 
clearance nnder 

NTCRA); 
surface and 

subswface 

Exposw-e 
pathways 

identified during 
the RI apply only 

to the pond 
within the 2 .36 

Inch Rocket 
Range I PAOI 

(within Sector 
D I): 

Exposure to MC 

in surface 
water/sediment 

(incidental 
ingestion and 

dermal/root 
contact, as well 

as ingestion of 
fish and other 
biota by 

ecological 
receptors) 
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Munitions Response Site 
Details (1) 

NAME:Remaining Lands 
MRS02 

Acreage: 8,009.67 acres 
Suspected Past DoD Activities 

(release mechanisms): 
Disposal of munitions-related 
and other debris directly into 
pond (Fish Pond) 
Disposal of military debris on 
soil surface either side of area 
roads; no burial activities 
suspected (Scrap Pile PAOI) 
Turret gunnery training 
(Fixed Machine Gun Range 
PAOI) 
Turret gunnery and mortar 
training (Machine 
Gun / 81mm Mortar Range 
PAOI) 

[Includes all other areas 
within FUDS not included in 
the 2.36 Inch Rocket Ranges 
MRS, including Rocket and 
Scrap Dump (Fish Pond) 
PAOI; Scrap Pile PAOI; 
Fixed Machine Gun Range 
PAOI; and Machine 
Gun/81mm Mortar Range 
PAOI and Remaining Land 
Areas PAOI] 

Current and Future Land 
Use: 
Residential, 
commercial/industrial, 
undeveloped land 

Final Report 
Remedial Investigation 

Brooksville Turret Gunnery Range (BTGR) 

DETAILS AND RESULTS OF REMEDIAL INVESTIGATION CONCEPTUAL SITE MODEL SUMMARY 

Known or Suspected 
Contamination Source(s) 

MEC: 
None anticipated. 
Munitions listed based on 
historical data: 

Rocket, 2.36-inch, HEAT, 
M6 
Projectile, 40mm, Practice 
Mortar, 81mm, HE 
Mortar, 81mm, Practice 
Small arms ammunition up 
to .50 caliber 

Potential/Suspected 
Location and 
Distribution 

MEC not expected 

Investigati 
on 

Method(s) 

Analog 
(“mag and 
dig”) 
investigatio 
ns and 
DGM and 
intrusive 
investigatio 
n. IAR and 
physical 
inspection 

Investigation 
Location(s) 

All PAOIs – 
Area previously 
investigated 
during 1999 
EE/CA. 

Scrap Pile 
PAOI - IAR 
transects across 
PAOI at approx. 
15-ft spacing 
including any 
identified metal 
scrap piles 
greater than 10 
feet across. 

Fixed 
Machine Gun 
Range PAOI -
Multiple 100-ft 
by 100-ft grids, 
located randomly 
throughout PAOI 

Machine 
Gun & 81 MM 
Mortar Range 
PAOI - DGM 
transects across 
area at approx. 
420-ft spacing 
(sufficient to 
locate 300-ft 
radius target area 
to a 90% conf. 
level) (a) 

If high anomaly 
density areas 
detected, locate 
100-ft by 100-ft 
grid(s) in highest 
density 
portion(s) 

Remaining 
Land Areas – 
Northern 

Investigation 
Acreage/ 

Number of Samples 

IAR, Analog and DGM 
surveys: 

Total DGM Surveys 
during EE/CA – 26.2 
acres 
Total IAR during RI – 
4.8 acres 
Total DGM Surveys 
during RI – 26.94 
acres 
Total Analog Surveys 
during RI – 51.2 acres 

Confirmed Source or Current and Complete 

No MEC encountered None None Not Not applicable 

RI – No MEC therefore, no confirmed applicable 

encountered. contamination sources. 
MD found 
included a 
60mm Mortar 
Fin and small 
arms -
expended .50 
cal projectiles. 

Exposure 
Medium 

Exposure 
Pathways 

Future 
Receptors 

Investigation 
Results 

Location 
and 

Distribution 

Confirmed 
Contamination Source(s) 
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Munitions Response Site 
Details (1) 

DETAILS AND RESULTS OF REMEDIAL INVESTIGATION CONCEPTUAL SITE MODEL SUMMARY 

Known or Suspected 
Contamination Source(s) 

Potential/Suspected 
Location and 
Distribution 

Investigati 
on 

Method(s) 

Investigation 
Location(s) 

Investigation 
Acreage/ 

Number of Samples 

Investigation 
Results 

Confirmed 
Contamination Source(s) 

Confirmed 
Location 

and 
Distribution 

Source or 
Exposure 
Medium 

Current and 
Future 

Receptors 

Complete 
Exposure 
Pathways 

Portion -
Multiple 100-ft 
by 100-ft grids, 
located randomly 
throughout 
PAOI. 
Southern Portion 
- Multiple 
residential 
parcels, located 
randomly 
throughout 
PAOI. 
Southeastern 
portion - DGM 
transects across 
PAOI at approx. 
500-ft spacing 
(sufficient to 
locate 600-ft by 
1,000-ft oval 
target area to a 
90% conf. 
level) (a) 

Southwestern 
portion - DGM 
transects across 
PAOI at approx. 
375-ft spacing 
(sufficient to 
locate 400-ft by 
1,000-ft oval 
target area to a 
90% conf. 
level) (a) 

Where high 
anomaly density 
areas were 
detected, 
located100-ft by 
100-ft grid(s) in 
highest density 
portion(s) 
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Munitions Response Site 
Details (1) 

DETAILS AND RESULTS OF REMEDIAL INVESTIGATION CONCEPTUAL SITE MODEL SUMMARY 

Known or Suspected 
Contamination Source(s) 

Potential/Suspected 
Location and 
Distribution 

Investigati 
on 

Method(s) 

Investigation 
Location(s) 

Investigation 
Acreage/ 

Number of Samples 

Investigation 
Results 

Confirmed 
Contamination Source(s) 

Confirmed 
Location 

and 
Distribution 

Source or 
Exposure 
Medium 

Current and 
Future 

Receptors 

Complete 
Exposure 
Pathways 

Munitions Constituents: 
None – COPCs not 
anticipated based on lack of 
identified source/absence of 
MEC-contaminated area 

Presence or absence of MC 
at Fish Pond undetermined 
due to ROE refusal 

MC contamination 
not expected based 
on lack of MEC-
contaminated areas; 
however, presence or 
absence of MC at 
Fish Pond 
undetermined due to 
ROE refusal 

Not 
applicable. 
MC 
samples 
were not 
collected 

Not applicable. 
MEC-
contaminated 
areas were not 
encountered, so 
MC samples 
were not 
necessary. 
COPCs not 
anticipated based 
on lack of 
identified source 

Not applicable No COPCs 
anticipated 
based on 
absence of 
MEC-
contaminated 
areas with 
exception of 
Fish Pond, 
which could 
not be 
evaluated due 
to ROE refusal 

None None, except at 
Fish Pond 
within MRS 
only. 

None, except 
at Fish Pond 
within MRS 
only: Surface 
water and 
sediment 

None, except 
at Fish Pond 
within MRS 
only: 
Residents, 
commercial/ 
industrial 
workers, site 
visitors, and 
ecological 
receptors 

None except at 
the Fish Pond. 
Potentially 
complete, but not 
quantitatively 
assessed surface 
water and 
sediment 
exposure 
pathways exist at 
the Fish Pond 
within the 
Remaining 
Lands MRS 

(1) Note that the receptors and munitions types represent a combination of those within each of the individual original PAOIs; therefore, not all receptors or munitions types occur uniformly across the delineated MRSs 
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CHAPTER 5. CONTAMINANT FATE AND TRANSPORT 
FOR MUNITIONS CONSTITUENTS 

5.1 BACKGROUND 

Understanding the fate of the various MC contaminants present in or released to the environment is 
important in evaluating the potential hazards or risk posed by those contaminants to human health and/or 
the environment. For example, MEC may be found on the ground surface or be buried in the subsurface; 
however, it is possible for natural processes to result in the movement, relocation, or unearthing of the 
MEC, thereby increasing the chance of its subsequent exposure to human receptors. Furthermore, MC 
may remain inside intact munitions or represent chemicals that may have been released to the 
environment during training activities. 

As described in Chapter 4, COPCs were identified in the 2.36-inch Rocket Range 1 PAOI. The identified 
COPCs are 2,4,6-trinitrotoluene (TNT), barium, copper, lead, and zinc. The following paragraphs discuss 
potential fate and transport processes for these MC COPCs. 

5.2 FATE AND TRANSPORT PROCESSES 

5.2.1 General Fate and Transport Processes for Munitions Constituents 
Contaminant release and migration would occur from MEC through release of filler constituents either by 
detonation when used and functioned as designed, low order detonations, by demolition and disposal, or 
where abandoned and the casing has deteriorated to the extent where the filler is exposed to the elements. 
MC in this regard are constituents in the filler, composed of mainly secondary explosives, propellants, 
and metals. The primary risk posed by MC at this site is through exposure to contaminated media and 
from the migration of chemicals through environmental media. The following subchapters discuss COPCs 
found in the surface water and sediment at the 2.36-inch Rocket Range 1 PAOI and the fate and transport 
of these chemicals. 

Many different environmental processes act upon MC, which may influence or alter its availability to 
interact with receptors. These processes depend on the media in which the potential source (MEC or MD) 
exists and whether the MC can be affected b the environmental processes. These environmental processes 
work through the different media: air, soil, surface water, groundwater, or biota. The following list 
contains short descriptions of these processes as described in Hewitt, et al. (2003): 

Advection –passive movement of a solute with flowing water. 
Dispersion –general term applied to the observed spreading of a solute plume and generally 
attributed to hydrodynamic dispersion and molecular diffusion. 
Adsorption/desorption –process by which dissolved, chemical species accumulate (adsorption) 
at an interface or are released from the interface (desorption) into solution. 
Diffusion –migration of solute molecules from regions of higher concentration to regions of 
lower concentration. 
Biotic transformation –modification of a chemical substance in the environment by a biological 
mechanism. 
Oxidation/reduction – reactions in which electron(s) are transferred between reactants. 
Covalent binding –formation of chemical bonds with specific functional groups in soil organic 
solids. 
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Polymerization –process by which the molecules of a discrete compound combine to form larger 
molecules with a molecular weight greater than that of the original compound, resulting in a 
molecule with repeated structural units. 
Photolysis –chemical alteration of a compound due to the direct or indirect effects of light 
energy. 
Infiltration –process by which water enters the soil at the ground surface and moves into deeper 
horizons. 
Evapotranspiration –collective processes of evaporation of water from water bodies, soil and 
plant surfaces, and the transport of water through plants to the atmosphere. 
Plant root uptake –transport of chemicals into plants through the roots. 
Sedimentation –removal from the water column of suspended particles by gravitational settling. 

5.3 EXPLOSIVES 

5.3.1 Fate and Transport Processes for Explosives 

TNT was identified as a COPC in sediment at the 2.36-inch Rocket Range 1 PAOI. Explosive compounds 
can be found in the environment as a result of these constituents leaching from munitions, heavy munition 
use, or demolition activities performed to decommission a UXO. Explosives are generally classified as 
“primary” or “secondary.” Secondary explosives are used in much greater quantities in munitions than 
primary explosives, and are known to be more prevalent at military installations (USEPA, 2006). 
Secondary explosives can be classified according to their chemical structure as nitroaromatics such as 
TNT, and nitramines such as RDX. 

Solubility of explosives varies widely. Therefore, it is expected that explosives would variably migrate as 
dissolved constituents in water. The stability of explosives in soil is reported in half-life (in days) of the 
compound once it has reached equilibrium between soil surfaces and pore water. 

5.3.2 TNT 

TNT constitutes one of the largest quantities of secondary explosives used in military applications 
because it is a major ingredient in nearly every munitions formulation. 

TNT in the atmosphere can take two forms; vapor phase TNT is typically reduced through 
photodegredation (half life estimated at 120 days) while particulate phase TNT is typically removed from 
the atmosphere through wet or dry deposition. TNT has very low mobility within soil; however, it varies 
depending on the organic content of the soil. Biodegradation of TNT appears to occur more in anaerobic 
communities. TNT in water tends to adhere quickly to suspended particles and sediment. Volatilization 
from moist soil or surface water is not an important fate process (HSDB, 2007). 

5.4 METALS 

Natural occurrence of metals in soil and the persistence of several metals in soil have been well-
documented. The metals identified as COPCs in Chapter 4, barium, copper, lead, and zinc, are addressed 
in this subchapter. Specifics on each metal determined to be a COPC is provided below. 

5.4.1 Barium 

Barium occurs naturally in the earth's crust and is present largely as compounds with another element. 
Barium sulfate and barium carbonate are two compounds which are commonly found as underground ore 
deposits. Barium and its compounds are found naturally in food and drinking water. The type of barium 
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compounds found in drinking water varies, as some compounds are not easily soluble with water. Those 
compounds, which may be found in water, are usually of the type not commonly found in nature and are 
most likely present due to localized anthropogenic sources. 

Barium’s persistence is determined by the form (compound) in which it is released. Non-soluble forms of 
barium (e.g., barium sulfate) have the potential of persisting in the environment for a significant length of 
time, and those compounds that have greater water solubility tend to have a shorter life, but can 
eventually combine with sulfate or carbonate to form a more persistent compound. The sulfate and 
carbonate compounds have a higher partition to organic (soil) matter (Agency for Toxic Substances and 
Disease Registry [ASTDR], 2009). 

The general population is exposed to barium through ambient air, especially in areas near industrial 
sources. Barium is not readily absorbed through the skin in the cases of direct contact with contaminated 
soil. The highest sources of barium intake are from food and water. Most public water supplies and 
surface water have an average of 0.030 ppm barium or less, but have the potential of averaging as high as 
0.3 ppm in some regions of the United States. Water sources from underground wells can average slightly 
higher than the 2.0 ppm limit set by the USEPA. The amount of barium found in soil ranges from 15 to 
3,000 ppm (mg/kg). Certain foods, such as nuts, fish, and certain plants have been found to contain high 
amounts of barium (ASTDR 2009). 

The amount of barium absorbed into the body depends on the type of barium compounds present. Those 
compounds soluble in water will enter the bloodstream more efficiently than those that are less soluble. 
Compounds that are readily absorbed into the bloodstream are filtered by the liver or kidneys and are 
excreted within one to two weeks. Some unfiltered barium may be incorporated into the teeth or bones 
(ASTDR, 2009). 

5.4.2 Copper 

Copper occurs naturally in Hernando County, Florida; its spatial distribution in the county ranges from 
2.4 to 3.0 mg/kg. In Florida, high concentrations of naturally occurring copper are found in conjunction 
with high concentrations of naturally occurring zinc (Chen 1999). Copper is an essential nutrient for 
humans, with dietary ingestion providing the primary source of the necessary copper (HSDB 2011). 
Copper is also a constituent of the jet perforators used for demolition of munitions. Hydrolysis and 
precipitation reactions dominate the chemistry of copper compounds in most natural aqueous systems. 
Soluble copper compounds adsorb strongly to suspended particles. The presence of complexing organic 
ligands can stabilize dissolved copper compounds in fresh water systems and prevent copper sorption 
onto solids. Most insoluble and soluble copper compounds are associated with solids, have low mobility 
in soil, and are not expected to volatilize from water or moist soil surfaces. 

The general population is exposed to copper primarily through ingestion of water transferred through 
copper pipes. This is especially significant in areas with corrosive water and copper piping. An average 
glass of tap water contains approximately 20-75 µg/L; however, many homes or buildings with copper 
pipes and brass faucets report concentrations of more than 1000 µg/L. Occupational exposure can also be 
significant (HSDB, 2011). Occupational exposure to elevated levels of copper compounds may occur 
through inhalation and dermal contact in the workplace where copper compounds are produced or used. 
Soil usually contains between 2 to 250 mg/kg of copper, although concentrations around 7000 mg/kg 
have been noted in areas around industrial production facilities. 
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5.4.3 Lead 

If released or deposited on soil, most lead will be retained in the upper 1-2 inches, especially in soil with 
at least five percent organic matter or a pH 5 or above; leaching is not an important release pathway under 
normal conditions (HSDB, 2011). Potential sources of lead may include natural occurrence, munitions, 
fertilizer application, defoliant application, gasoline, and exhaust from vehicular activity in the immediate 
or adjacent areas. Lead is the fifth most prevalent metal commercially in the United States. Lead occurs 
naturally in the earth's crust and may also enter the atmosphere from the weathering of rocks, windblown 
soil, and volcanoes, but these sources are minor compared with anthropogenic ones (HSDB, 2011). Lead 
occurs naturally in Hernando County, Florida; its spatial distribution in the county ranges from 4.0 to 7.0 
mg/kg (Chen 1999). In soil, lead is expected to slowly convert to more insoluble forms such as sulfate, 
sulfide, oxide, and phosphate salts. The uptake of lead from soil into plants is generally not significant 
(HSDB, 2011). Pb2+, the stable ionic species of lead, forms complexes of low solubility with major anions 
in the natural environment such as the hydroxide, carbonate, sulfide, and sulfate ions, which limit 
solubility. Organolead complexes are formed with humic materials that maintain lead in a bound form 
even at low pH. Lead is therefore effectively removed from the water column to the sediment by 
adsorption to organic matter and clay minerals, precipitation as insoluble salt (the carbonate, sulfate, or 
sulfide), and reaction with hydrous iron, aluminum, and manganese oxides (HSDB, 2011). When released 
to the atmosphere, lead will generally occur as particulate matter and subject to gravitational settling and 
be transformed to the oxide and carbonate (HSDB, 2011). 

The general population is exposed to lead from ambient air, especially in areas near industrial sources. 
However, the highest lead intake is from food and water. Lead concentrations in food may be elevated 
due to surface contamination of fresh fruits and vegetables. Elevated lead levels in food may be from 
lead-soldered cans or leaching from ceramic glazes or lead crystal. Elevated levels of lead in drinking 
water usually result from corrosion in distribution systems containing lead pipe. Children are exposed to 
lead from eating chips of lead paint or inhaling dust embedded with the paint (HSDB, 2011). 

5.4.4 Zinc 

Zinc is found in almost all minerals in the earth's crust with an average concentration of about 70 mg/kg. 
It is an essential trace element for life found in all living organisms (HSDB, 2011). Zinc occurs naturally 
in Hernando County, Florida; its spatial distribution in the county ranges from 5.5 to 6.6 mg/kg. In 
Florida, high concentrations of naturally occurring zinc are found in conjunction with high concentrations 
of naturally occurring copper (Chen 1999). Zinc is found in all human tissues and all body fluids and is 
essential for growth, development, and reproduction (HSDB, 2011). Zinc is not expected to exist in its 
elemental state under environmental conditions, but rather in compounds in its +2 oxidation state (HSDB, 
2011). The principal ores of zinc are sphalerite or blende (sulfide), smithsonite (carbonate), calamine 
(silicate), and franklinite (zinc, manganese, iron oxide). Zinc is released to the environment from both 
natural and anthropogenic sources; however, releases from anthropogenic sources are greater than those 
from natural sources (HSDB, 2011). Zinc compounds are expected to exist in the particulate phase in the 
ambient atmosphere. Particulate-phase zinc may be physically removed from the air by wet and dry 
deposition (HSDB, 2011). Zinc compounds are expected to have low mobility in soil and are absorbed by 
plants and vegetables (HSDB, 2011). Volatilization from soil or water surfaces is not expected to be an 
important environmental process (HSDB, 2011). Based on monitoring data, zinc is expected to adsorb to 
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suspended solids and sediment in water and has been detected in the majority of aquatic organisms 
studied. 

The general population is exposed to zinc primarily through the ingestion of food and to a lesser extent 
through the ingestion of drinking water and inhalation of ambient air. Individuals may be exposed to zinc 
compounds by the use of consumer products that contain zinc compounds (HSDB, 2011). 
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CHAPTER 6. BASELINE RISK ASSESSMENT FOR 
MC AND HAZARD ANALYSIS FOR MEC 

6.1 INTRODUCTION 

The need for remedial actions to reduce risks to human health or the environment must be demonstrated 
through the use of either quantitative or qualitative risk assessments. A baseline risk assessment (RA) 
evaluates potential current and future adverse health effects caused by hazards or hazardous substances 
released from a site in the absence of any actions to control or mitigate these releases. In addition, the risk 
assessment evaluates the magnitude of the risks or hazards at the site and the primary causes of that risk. 
The baseline risk assessment does not include releases associated with actions taken to mitigate imminent 
hazards (e.g., detonations to remove MEC). Results of the risk assessment aid in the development, 
evaluation, and selection of appropriate response alternatives. 

Risk assessments are site-specific evaluations and may vary in both detail and extent to which qualitative 
and quantitative inputs are used. Generally, risk assessments follow a phased approach, starting with 
generic assumptions and moving toward a more complex site-specific evaluation as necessary. 
Characteristics of the risk assessment depend on the complexity and particular circumstances of the site as 
well as the availability of ARARs and other guidance. Risk assessments also consider the potential risks 
associated with current land use and activities as well as reasonably anticipated future land use. 

6.2 MUNITIONS AND EXPLOSIVES OF CONCERN HAZARD ASSESSMENT 

6.2.1 Background 

Qualitative hazard assessments were conducted to assess potential explosive hazards to human receptors 
associated with potentially complete MEC exposure pathways within the former BTGR. The purpose of 
these hazard assessments was to qualitatively evaluate the potential hazards from MEC and the primary 
causes of those potential hazards within each area. 

An explosive hazard exists at a site if there is a potentially complete MEC exposure pathway. A 
potentially complete MEC exposure pathway is present any time a receptor can come near or into contact 
with MEC and interact with it in a manner that might result in its detonation. The three elements of a 
potentially complete MEC exposure pathway – a source of MEC, a receptor, and the potential for 
interaction between the MEC source and the receptor – must all be present for a potentially complete 
MEC exposure pathway to exist. 

The qualitative hazard assessment technique presented here follows the MEC Hazard Assessment (HA) 
method, which provides an assessment of the acute explosive hazards associated with remaining MEC at 
an MRS by analyzing site-specific conditions and human issues that affect the likelihood that a MEC 
accident will occur. The MEC HA method focuses on hazards to human receptors and does not directly 
address environmental or ecological concerns that might be associated with MEC. The process for 
conducting the MEC HA is described in the MEC HA interim guidance document (USEPA, 2008) and 
uses input data based on historical documentation, field observations made during this RI and previous 
studies, and on the results of the intrusive investigations conducted as part of this RI (see Chapter 4). The 
MEC HA interim guidance was developed by the Technical Working Group for Hazard Assessment, 
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which included representatives from the DoD, the U.S. Department of the Interior, the USEPA, and 
various states and tribes. The DoD has encouraged use of this method on a trial basis (DoD, 2009). 

The MEC HA method reflects the basic difference between assessing acute hazards from exposure to 
MEC and assessing chronic environmental risks from exposure to potential contaminants, such as MC. 
An explosive hazard can result in immediate injury or death and, therefore, risks from explosive hazards 
are evaluated either as being present or not present. If the potential for an encounter with MEC exists, 
then the potential that the encounter may result in injury or death also exists. Conversely, if the potential 
presence of MEC at an MRS can be ruled out as a result of RI activities or an earlier investigation such as 
an SI, then no explosive hazards are present and no MEC HA is necessary. 

The MEC HA presented in this RI Report was conducted to evaluate the baseline conditions for the 
subject site with regard to explosive hazards. This baseline evaluation will be referenced in the 
subsequent FS where it will be used to provide the basis for the evaluation and implementation of 
effective management response alternatives. The MEC HA also supports hazard communication among 
stakeholders by organizing site information in a consistent manner for the hazard management decision-
making process. However, the MEC HA does not provide a quantitative assessment of MEC hazards and 
is not used to determine whether or not further action is necessary at the site. 

6.2.2 Defining the Area to be Assessed 

The MEC HA focuses on each MRS at a FUDS. However, the MEC-related characteristics of discrete 
areas within an MRS may differ with regard to the ordnance types and quantities, land uses, receptors, 
and other factors. If these factors vary significantly, it is likely that the qualitative MEC hazards 
associated with the discrete areas will also differ. For example, the characteristics of a range impact area 
and its safety fan are likely to differ in the amount of MEC potentially present, or different land use 
activities may exist that create differing potentials for MEC interaction with human receptors within a 
large maneuver area. Different MEC hazards may make different response alternatives appropriate for 
these discrete areas and, for this reason, it may be both appropriate and beneficial to subdivide an MRS 
into two or more distinct “assessment areas,” each of which will be the subject of a separate MEC HA for 
hazard evaluation and subsequent response alternative evaluation. However, if an MRS is likely to be the 
subject of only one response alternative (e.g., the MRS is small), it may be most appropriate to evaluate 
the MRS as a single assessment area, despite the potential for differing MEC-related characteristics. In 
this event, the most conservative MEC HA input factors (see below) will be selected for purposes of the 
MEC HA. A determination regarding assessment areas will be made for each MRS that is subject to a 
MEC HA. Based on the MEC findings discussed in Chapter 4, it was determined that a MEC HA would 
be performed for MRS01 - 2.36-inch Rocket Ranges. 

6.2.3 Overview of MEC HA Input Factors 

Under the MEC HA method, the potential hazards posed by MEC are evaluated qualitatively for each 
MRS or assessment area by evaluating three primary factors. These primary factors are related to the 
three critical elements listed previously in subsection 6.2.1 and are: 

Severity: the potential consequences of the effect on a human receptor should a MEC item 
detonate; 
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Accessibility: the likelihood that a human receptor will be able to come into contact with a 
MEC item; and 
Sensitivity: the likelihood that a MEC item will detonate if a human receptor interacts with it. 

To complete the baseline MEC HA for each assessment area, the various input factors are reviewed and 
suitable categories are selected based on historical documentation and field observations made during the 
RI and previous studies. The various input factors for the MEC HA method are explained in detail in the 
MEC HA interim guidance document (USEPA, 2008). The following paragraphs provide an overview of 
these factors and their associated categories. 

Energetic Material Type: This factor describes the general type of energetic material associated with the 
munitions known or suspected to be present within the assessment area. The six possible categories for 
this factor, ranging from the most to least potentially hazardous, are “high explosives and low explosive 
fillers in fragmenting rounds,” “white phosphorus,” “pyrotechnics,” “propellants,” “spotting charges,” 
and “incendiaries.” The selection of a category for each MRS or assessment area is made using the 
energetic material with the greatest potential explosive hazard known or suspected to be present. 

Location of Additional Human Receptors: It is possible that human receptors other than the individual 
who causes a detonation may be exposed to overpressure and/or fragmentation hazards from the 
detonation of MEC. This factor describes whether or not there are additional human receptors located 
within the assessment area or within the explosive safety quantity-distance (ESQD) arc surrounding the 
assessment area. The two possible categories for this factor are “inside the MRS or inside the ESQD arc 
surrounding the MRS” and “outside the ESQD arc.” 

Site Accessibility: The site accessibility factor describes how easily human receptors can gain access to 
the MRS or assessment area and takes into account the various barriers to entry that might be present. The 
four possible categories of site accessibility range from “full accessibility” (i.e., a site with no barriers to 
entry) to “very limited accessibility” (i.e., a site with guarded chain link fences or terrain that requires 
special skills and equipment to access). Note that this factor differs from the Potential Contact Hours 
factor (see below) and also does not include or account for land use controls (LUCs) that might restrict 
site access. The effects of LUCs are assessed using the alternatives assessment component of the 
MEC HA that is conducted during the FS. 

Potential Contact Hours: This factor accounts for the amount of time receptors spend in the MRS or 
assessment area during which they might come into contact with MEC and intentionally or 
unintentionally cause a detonation. Both the number of receptors and the amount of time each receptor 
spends in the assessment area are used to calculate the total “receptor-hours/year.” This total is calculated 
for all activities that might result in potential MEC interaction and there are four possible categories, 
ranging from “many hours” (≥1,000,000 receptor-hours/year) to “very few hours” (<10,000 
receptor-hours/year). 

Amount of MEC: This input factor describes the relative quantity of MEC that is anticipated to remain 
within the MRS or assessment area as a result of past munitions-related activities. For example, a greater 
quantity of MEC would be expected to be present in a former target area than at a former firing point. The 
nine possible categories for this factor, from the largest to the least anticipated amount of MEC, range 
from “target area” and “OB/OD area,” through “burial pit” and “firing point,” to “storage” and 
“explosives-related industrial facility.” 
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Minimum MEC Depth Relative to the Maximum Receptor Intrusive Depth: This factor indicates whether 
the MEC in the MRS or assessment area are located at depths that might be reached by the anticipated 
human receptor activities. For the baseline MEC HA, the four possible categories concern whether or not 
MEC are located at the surface and in the subsurface within the MRS or assessment area, or whether 
MEC are present in the subsurface only, and whether or not the receptor intrusive depth overlaps with this 
MEC location. 

Migration Potential: The migration potential factor addresses the likelihood that MEC in the MRS or 
assessment area might be moved by natural processes (e.g., erosion or frost heave) that could increase the 
chance of subsequent exposure to potential human receptors. The two possible categories for this factor 
are “possible” and “unlikely.” 

MEC Classification: This factor accounts for how easily a human receptor might cause a detonation of the 
MEC and relates directly to the MEC sensitivity. The six possible categories for this factor, ranging from 
the highest to lowest sensitivity (and explosive hazard) are “sensitive UXO,” “other UXO,” fuzed 
sensitive DMM,” “fuzed DMM,” “unfuzed DMM,” and “bulk explosives.” The selection of category for 
each MRS or assessment area is made using the MEC with the highest potential sensitivity known or 
suspected to be present and, where uncertainty exists, conservative assumptions will be made and 
documented. For example, UXO is always assumed to be present within a known target area, whether or 
not the investigation uncovers UXO at the site. 

MEC Size: This factor indicates how easy it is for a typical human receptor to move the MEC item(s) 
present within the MRS or assessment area. For example, an individual is considerably more likely to 
pick up or accidentally kick a hand grenade than a 250lb. bomb. The basic assumption used in this 
category is that MEC weighing 90lbs. or more are unlikely to be moved without the use of special 
equipment. Based on this, the two possible categories for this factor are “small” (i.e., items weighing less 
than 90lbs.) and “large” (items weighing 90lbs. or more). The selection of category for each MRS or 
assessment area is made using the MEC known or suspected to be present with the highest potential to be 
moved (i.e., the smallest item). 

Each category for each of the MEC HA input factors has an assigned score that relates to the relative 
contributions of the different input factors to the overall MEC hazard. These scores are part of the MEC 
HA method and were developed by the Technical Working Group for Hazard Assessment. These factors 
and their associated scores for the baseline condition are provided in Table 6.1 while the detailed 
technical basis for the scores assigned is provided in the MEC HA interim guidance document (USEPA, 
2008). Scores for the categories are in multiples of five, with a total maximum possible score for all 
factors of 1,000 and a minimum possible score of 125. These MEC HA scores are qualitative references 
only and should not be interpreted as quantitative measures of explosive hazard. A summary of the 
maximum possible scores for each MEC HA input factor and its related weights with regard to the overall 
MEC HA score are shown in Table 6.2. 

This space is intentionally left blank. 
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Table 6.1 
Summary of MEC HA Input Factors and Associated Baseline Scores 

Input Factor Input Factor Category Baseline Score After 
Score Subsurface 

Cleanup 

Energetic Material HE and Low Explosive Fillers in Fragmenting Rounds 100 100 
Type 

White Phosphorus 70 70 

Pyrotechnic 60 60 

Propellant 50 50 

Spotting Charge 40 40 

Incendiary 30 30 

Location of Additional Inside the MRS or inside the ESQD arc surrounding the 30 30 
Human Receptors MRS 

Outside of the ESQD arc 0 0 

Site Accessibility Full Accessibility 80 80 

Moderate Accessibility 55 55 

Limited Accessibility 15 15 

Very Limited Accessibility 5 5 

Potential Contact Many Hours   (≥ 1,000,000 receptor-hours/year) 120 30 
Hours Some Hours   (100,000 – 999,999 receptor-hours/year) 70 20 

Few Hours   (10,000 – 99,999 receptor-hours/year) 40 10 

Very Few Hours   (< 10,000 receptor-hours/year) 15 5 

Amount of MEC Target Area 180 30 

Open Burning/Open Detonation (OB/OD) Area 180 30 

Function Test Range 165 25 

Burial Pit 140 10 

Maneuver Areas 115 5 

Firing Points 75 5 

Safety Buffer Areas 30 5 

Storage 25 5 

Explosive-Related Industrial Facility 10 5 

Minimum MEC Depth Baseline Condition: MEC located on surface and in 240 95 
vs. Maximum Intrusive subsurface; After Cleanup: intrusive depth overlaps 
Depth with minimum MEC depth 

Baseline Condition: MEC located on surface and in 240 25 
subsurface; After Cleanup: intrusive depth does not 
overlap with minimum MEC depth 
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Table 6.1, cont’d. 
Summary of MEC HA Input Factors and Associated Baseline Scores 

Score After 
Baseline Subsurface 

Input Factor Input Factor Category Score Cleanup 

 Baseline Condition: MEC located only in subsurface; 150 95 
Baseline Condition or After Cleanup: intrusive depth 
overlaps with minimum MEC depth 

Baseline Condition: MEC located only in subsurface; 50 25 
Baseline Condition or After Cleanup: intrusive depth 
does not overlap with minimum MEC depth 

Migration Potential Possible 30 10 

Unlikely 10 10 

MEC Classification Sensitive UXO 180 180 

UXO 110 110 

Fuzed Sensitive DMM 105 105 

Fuzed DMM 55 55 

Unfuzed DMM 45 45 

Bulk Explosives 45 45 

MEC Size Small 40 40 

Large 0 0 
Source: MEC HA interim guidance document (USEPA, 2008). 
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Table 6.2: Summary of MEC HA Maximum Scores and Weights 

Explosive Hazard Maximum Input Factor WeightsComponent Scores 

Severity Energetic Material Type 100 10% 

Location of Additional Human Receptors 30 3% 

Component Total 130 13% 

Site Accessibility 80 8% 

Total Contact Hours 

Accessibility 

120 12% 

Amount of MEC 180 18% 

Minimum MEC Depth vs. Maximum Intrusive Depth 240 24% 

Migration Potential 30 3% 

Component Total 650 65% 

MEC Classification 180 18% 

MEC Size 

Sensitivity 

40 4% 

Component Total 220 22% 

 Maximum Total Score 1,000 100% 
Source: MEC HA interim guidance document (USEPA, 2008) 

6.2.4 Overview of MEC HA Output Factors 

Once the categories and scores for all input factors have been determined for each MRS or assessment 
area selected for a MEC HA, the related scores for each category are totaled to calculate an overall MEC 
HA score for each MRS/assessment area. The total maximum possible MEC HA score for an 
MRS/assessment area is 1,000, while the minimum possible score is 125. The MEC HA method describes 
associated “hazard levels” for these scores, which describe the relative explosive hazard at an MRS and 
range from 1 to 4, with a Hazard Level of 1 indicating the highest potential explosive hazard conditions 
and 4 indicating low potential explosive hazard conditions. The basis for these hazard levels is provided 
in the MEC HA interim guidance document (USEPA, 2008). Again, the total MEC HA scores and 
associated hazard levels are qualitative references only and should not be interpreted as quantitative 
measures of explosive hazard. Neither should they be used to determine whether further action is 
necessary at a site. A summary of the hazard levels and their related MEC HA scores is in Table 6.3. 
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Table 6.3: Hazard Level Scoring Rankings Table 

Hazard Maximum Minimum Associated Relative 
Level MEC HA Score MEC HA Score Explosive Hazard 

1 1,000 840 Highest potential explosive hazard conditions 

2 835 725 High potential explosive hazard conditions 

3 720 530 Moderate potential explosive hazard conditions 

4 525 125 Low potential explosive hazard conditions 

Source: MEC HA interim guidance document (USEPA, 2008) 

6.2.5 Baseline MEC Hazard Assessment for MRS01 – 2.36 Inch Rocket Ranges 

MRS01 is located in the southwest corner of the former BTGR and encompasses approximately 279.33 
acres. Areas within MRS01 consist predominantly of residential properties and some undeveloped lands 
and this land use is not anticipated to change in the future. Based on the MEC and MD found historically 
and during this RI, the anticipated distribution of potential MEC is expected to be concentrated in the 
estimated extent of the MEC/MD area. 

Based on the site history, previous investigations, and the results of this RI, MRS01 is a former range 
impact area. Previous investigations within the limits of MRS01 (including ASR, EE/CA and NTCRAs) 
have found both MEC and MD related to M6 2.36-inch anti-tank rockets, M7 2.36-inch practice rockets, 
M49A2 60mm HE mortars (only one HE mortar was found during the NTCRA) and .50 caliber small 
arms projectiles. No additional MEC or MD items were found during the RI; however, ROE was refused 
for several properties so it is unclear whether explosive hazards might remain in those areas. The 
explosive hazards presented by the munitions potentially present are associated with their explosives 
fillers and fuzes. The related energetic material type, MEC classification, and MEC size for these items 
are presented below. 

Energetic Material Type: As described above, the MEC known or suspected to be present within MRS01 
include M6 2.36-inch anti-tank rockets, M7 2.36-inch practice rockets, and M49A2 60mm HE mortars, 
two of which contain HE. Based on these potential munitions, the energetic material type selected for 
MRS01 is determined to be “high explosives and low explosive filler in fragmenting rounds”, which is 
the most hazardous energetic material type of the available selections. 

Location of Additional Human Receptors: The ESQD for the M49A5 60mm HE mortar is 185 feet, based 
on the hazardous fragment distance of the projectile, which is the most hazardous of the explosively 
configured munitions known or suspected to be present in the assessment area. There are multiple 
residences within MRS01 and all are potential areas where people might congregate within the ESQD. 
Based on this information, the location of additional human receptors is assessed to be “inside MRS or 
inside the ESQD arc surrounding the MRS” for this MEC HA. 

Site Accessibility: The land use within MRS01 is residential and commercial/industrial and, while most of 
the land is private property, there are no major restrictions to access. Based on this information, MRS01 is 
considered to be a site with no barriers to entry and is classified as having “full accessibility” for the 
purposes of this MEC HA. 
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Potential Contact Hours: The activities currently conducted within MRS01 are primarily residential. 
There are approximately 321 residences in MRS01. Residential receptor-hours are calculated by 
estimating the number of people living in each residence and multiplying by the number of receptor-hours 
per year they are assumed to spend outside (i.e., where the receptors might be exposed to MEC). The 
Hernando County population density of 2.39 people per household was rounded up to 3 residents per 
household. Each resident is assumed to spend 1 hour outside per day during the week, and 2 hours outside 
per day on weekends, for a total of 1,404 hours spent outside per year per property. Based on this 
information, the potential contact hours are calculated to be 450,684 receptor-hours/year (1,404×321), 
which corresponds to a classification of “some hours” (100,000 – 999,999 receptor-hours/year). Because 
a subsurface cleanup has been conducted within this area, an adjusted score of 20 can be applied for this 
MEC HA. 

Amount of MEC: The MEC presence at MRS01 is the result of training using live munitions including 
60mm mortars and 2.36-inch rockets. Previous munitions finds and historical information indicate the site 
was used for anti-tank rocket training. Based on this information, the classification of the amount of MEC 
is assessed to be “target area” for purposes of this MEC HA. However, a subsurface cleanup has been 
conducted within this area, resulting in an adjusted score. 

Minimum MEC Depth Relative to the Maximum Receptor Intrusive Depth: MEC and MD have been 
found both at the surface and in the subsurface at MRS01. The site is currently used for residential 
purposes. The residential use may be intrusive up to a foot for landscaping and a few feet for construction 
of foundations for residential buildings, but the other uses are unlikely to be intrusive. Based on this 
information, the minimum MEC depth relative to the maximum receptor intrusive depth for MRS01 is 
assessed to be “MEC located on surface and in subsurface” for this MEC HA. However, a subsurface 
cleanup has been conducted within this area, resulting in an adjusted score. 

Migration Potential: Surface topography at MRS01 is generally flat, with moderate vegetation 
comprising trees, underbrush and grasses being present in the undeveloped areas. The northern portion of 
MRS01 within area D1 contains a drainage retention pond. Precipitation averages 52.5 inches per year in 
Brooksville with greater average rainfall totals during the summer months. Temperatures are mild in the 
winter, which makes frost heave unlikely. There have been no reports of MEC being exposed by natural 
processes at this site. Based on these various factors, the migration potential is evaluated as “unlikely” for 
MRS01. 

MEC Classification: As described previously, the MEC items known or suspected to be present within 
MRS01 include M6 2.36-inch anti-tank rockets, M7 2.36-inch practice rockets, and M49A2 60mm HE 
mortars. Based on this information and the former use of the MRS as a range, the MEC classification for 
this site is assessed as “UXO” for MRS01. 

MEC Size: As described previously, the MEC items known or suspected to be present within MRS01 
include M6 2.36-inch anti-tank rockets, M7 2.36-inch practice rockets, and M49A2 60mm HE mortars. 
All of these munitions weigh less than 90lbs, and therefore, based on the criteria defined in the MEC HA 
method, the MEC size for MRS01 is classified as “small” for this MEC HA. 

MEC HA Results: Based on this MEC HA evaluation, MRS01 has a total MEC HA score of 445, which 
equates to a Hazard Level of 4 (“low potential hazard conditions”). The selected input factors and scores 
are summarized in Table 6.4. This information will provide the baseline for any future assessment of 
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response alternatives. Note that the total MEC HA score and the associated hazard level are qualitative 
references only and should not be interpreted as quantitative measures of explosive hazard. 

6.2.6 Baseline MEC Hazard Assessment for MRS02 – Remaining Lands 

A potentially complete MEC exposure pathway is present any time a receptor can come near or into 
contact with a source of MEC and interact with it in a manner that might result in its detonation. As 
discussed in Subchapter 4.1.3, complete MEC exposure pathways require the presence of three critical 
elements: a source of MEC (i.e., an explosively hazardous item); a receptor (i.e., a person); and the 
potential for interaction between the MEC source and the receptor (i.e., the possibility that the item might 
be touched, moved, or otherwise disturbed by the receptor). All these elements must be present for a 
potentially complete MEC exposure pathway to exist; the MEC exposure pathway is incomplete if any 
one of these three elements is absent. 

Also, as discussed in subchapter 4.3, the RI concluded that there is no MEC present at MRS02 – 
Remaining Lands; consequently, there are no complete MEC exposure pathways. As described above, an 
explosive hazard only exists at a site if there are potentially complete MEC exposure pathways present. 
For this reason, based on the currently available information, no significant MEC hazards are anticipated 
to be present at MRS02 – Remaining Lands and the calculation of a MEC HA score is unnecessary. This 
assessment would need to be reviewed and possibly revised if new information concerning MEC presence 
becomes available. 

Table 6.4: Summary of MEC HA Baseline Score MRS01 – 2.36 Inch Rocket Ranges 

Explosive Hazard 
Component Input Factors Category Selected for MRS/Area Score (1) 

Severity Energetic Material Type High explosives and low explosive filler in 
fragmenting rounds 

100 

Location of Additional Human 
Receptors 

Inside the MRS or inside the ESQD arc 30 

Accessibility Site Accessibility Full accessibility 80 

Total Contact Hours Some hours with subsurface cleanup 20 

Amount of MEC Target area with subsurface cleanup 30 

Minimum MEC Depth vs. 
Maximum Intrusive Depth 

MEC located on surface and in subsurface. 
After subsurface cleanup, intrusive depth does 
not overlap with subsurface MEC. 

25 

Migration Potential Unlikely 10 

Sensitivity MEC Classification UXO 110 

MEC Size Small 40 

Total MEC HA Score 445 

MEC HA Hazard Level 4 
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(1) Scores assigned for each factor as listed and described in MEC HA interim guidance document (USEPA, 2008); 
scores taken from the “subsurface cleanup” column. 

6.3 HUMAN HEALTH RISK ASSESSMENT FOR MUNITIONS CONSTITUENTS 

6.3.1 General Human Health Risk Assessment Approach and Guidance Documents 

Risk assessment techniques and methods developed or recognized by the USACE and the USEPA were 
used for this Human Health Risk Assessment (HHRA). The HHRA is intended to satisfy USACE 
requirements for risk assessments during RI projects. As recommended by USACE, the quantitative 
HHRA uses a phased baseline human health risk assessment approach to quantify potential risk. USEPA 
Regional Screening Levels (RSLs) and other screening values were used for the risk analyses. 

The primary resources for conducting this HHRA are listed and described below: 

FDEP Technical Report: Development of Cleanup Target Levels (CTLs) for Chapter 62-777, 
Florida Administrative Code, Final February 2005. 
USEPA Regional Screening Levels (USEPA, 2012). These medium-specific RSLs are available 
for soil. 
The USEPA provides the basic background and approach for performing standard HHRAs (e.g., 
data evaluation, exposure assessments, etc.). General procedures identified in the USEPA’s Risk 
Assessment Guidance for Superfund (RAGS) series (USEPA, 1989), were also followed for this 
HHRA in terms of data evaluation, the exposure assessment, and the toxicity assessment. 
Supplemental USEPA guidelines were also used in conjunction with RAGS. 
Risk Assessment Handbook, Volume I - Human Health Evaluation, Final, EM 200-1-4 (USACE, 
1999). 

6.3.2 Organization of this Human Health Risk Assessment 

The overall HHRA process consists of four key steps: data evaluation, exposure assessment, toxicity 
assessment, and risk characterization. These four steps of risk assessment provide the general outline of a 
quantitative risk assessment report. This HHRA is consistent with USEPA guidelines as presented in 
RAGS and supporting supplemental guidance including the Risk Assessment Handbook, Volume I -
Human Health Evaluation. This HHRA is organized into five subchapters, as outlined below: 

Subsection 7.3.3: Data Evaluation and Hazard Identification, 
Subsection 7.3.4: Exposure Assessment, 
Subsection 7.3.5: Toxicity Assessment, 
Subsection 7.3.6: Risk Characterization and Conclusions, and 
Subsection 7.3.7: Analysis of Uncertainties. 

6.3.3 Data Evaluation and Hazard Identification 

The comparison of detected concentrations to the selected human health screening criteria provides a 
conservative estimate of potential risk to human receptors. Detected concentrations less than the 
residential RSLs or CTLs are not expected to pose an unacceptable risk to residential receptors. However, 
because the RSLs and CTLs are based on conservative exposure assumptions, even if a detected chemical 
is found at concentrations greater than the selected human health screening level, it does not necessarily 
indicate that an unacceptable risk will occur. All chemicals that were retained after the comparison to the 
selected human health screening criteria were considered COPC. Evaluation of the potential risk 
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associated with the 2.36-inch Rocket Ranges MRS01 follows. MC contamination was not identified at the 
Remaining Lands MRS02. 

Soil sampling has been completed during previous removal actions conducted at the 2.36-inch Rocket 
Ranges MRS01 (formerly referred to as the 2.36 inch Rocket Range 1 PAOI). In 2006, MC sampling for 
soil was performed in association with the NTCRA Phase I in areas where MEC/MD items were found 
and no MC was found at concentrations exceeding the selected screening levels (ECC, 2006). From 2007 
to 2010, MC sampling for soil was performed in association with the NTCRA Phase II (Parsons, 2008, 
2010a, and 2010b). No explosives were detected in the soil samples collected. MC metals were not 
detected at concentrations greater than the FDEP criteria. Therefore, there is currently no evidence of a 
release of MC to the soil due to munitions activities at this MRS. 

Surface water and sediment samples were collected during the RI. No human health COPCs were 
identified in surface water in 2.36-inch Rocket Ranges MRS01. One human health COPC was identified 
in sediment in 2.36-inch Rocket Ranges MRS01. Sampling results for the chemicals detected in each 
environmental medium are summarized in Table 4.5a and Table 4.5b. 

The 2.36-inch Rocket Ranges MRS01 contains a single COPC, 2,4,6-trinitrotoluene, detected in the 
sediment, that is limited to the center portion of the pond; the surrounding sediment samples collected do 
not contain COPCs. The pond is immediately surrounded by residential properties. The CSM in Figure 4-
9 identifies the anticipated current and future human receptors as residents, commercial/industrial 
workers, site visitors, and construction workers. 

6.3.4 Exposure Assessment 

6.3.4.1 Objective 

The objective of the exposure assessment is to estimate the nature, extent, and magnitude of potential 
exposures of human receptors to COPCs considering the current and reasonably anticipated future uses of 
the site. The exposure assessment includes identification of potential exposure pathways, receptors, and 
exposure scenarios, as well as quantification of exposure, if needed. Characterization of the exposure 
setting and identification of all potentially exposed receptors and exposure pathways are discussed in this 
subchapter. A CSM flow diagram presenting results of the exposure assessment for the 2.36-inch Rocket 
Ranges MRS01 is shown on Figure 4-9. Quantification of exposure involves quantifying the magnitude, 
frequency, and duration of exposure for the receptors and exposure pathways of concern. The exposure 
assessment consists of three main steps: 

Evaluation of exposure pathways and identification of receptors (subsections 6.3.4.2 and 6.3.4.3); 
Estimation of exposure-point concentrations (subsection 6.3.4.4); and 

Estimation of human intake (subsection 6.3.4). 

This risk assessment will evaluate the reasonable maximum exposure (RME) risk estimate, as defined by 
USEPA (1993). The RME is designed to be a measure of “high-end” exposure. The most sensitive 
exposure parameters are identified and the maximum of several of these are used along with average 
values for the remaining parameters. This approach is intended to account for both uncertainty in the 
contaminant concentration and variability in the exposure parameters (such as exposure frequency or 
averaging time). 
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Sediment is evaluated as the environmental medium of concern at the 2.36-inch Rocket Ranges MRS01. 
The exposure pathways relevant to the site are described in this exposure assessment and shown in the 
CSM. 

6.3.4.2 Potential Receptors and Exposure Pathways 

Potential human receptors are defined as individuals who may be exposed to site-related contaminants in 
environmental media. Consistent with USEPA (1989) guidance, current and reasonably anticipated land 
uses were considered in the receptor selection process. 

USEPA (1989) defines an exposure pathway as: “The course a chemical or physical agent takes from a 
source to an exposed organism. An exposure pathway describes a unique mechanism by which an 
individual or population is exposed to chemicals or physical agents at or originating from a site. Each 
exposure pathway includes a source or release from a source, an exposure point, and an exposure route. 
If the exposure point differs from the source, a transport/exposure medium (e.g., air) or media (in cases of 
intermedia transfer) is also included.” 

A review of potential exposure pathways links the sources, locations, and types of environmental releases 
with receptor locations and activity patterns to determine the significant pathways of concern. 

Based on the previous investigations, the observations and reasonable assumptions for the potential 
human receptors and the exposure pathways for the 2.36-inch Rocket Ranges MRS01 are listed below: 

Current Receptors – Current land use on the MRS includes primarily residential areas. A pond 
is located within the range fan. The 15-acre parcel located west of the pond is owned by 
Hernando County and is used as a drainage retention area (for rainfall). The east side of the pond 
is currently undeveloped forest land that is bank-owned. The current receptors at the 2.36-inch 
Rocket Ranges MRS01 include residents, commercial/industrial workers (e.g., site workers), and 
site visitors/recreational users, and construction workers. Excavation activities are not expected in 
the pond, so construction worker exposure to sediment is assumed to be similar to that of 
commercial/industrial workers. There is currently no known development within the 2.36-inch 
Rocket Ranges MRS01. Incidental ingestion and dermal contact with sediment by residents, 
commercial/industrial workers (e.g., site workers), and site visitors/recreational users, and 
construction workers are potential exposure pathways at the 2.36-inch Rocket Ranges MRS01. 
Future Receptors – Future land use is reasonably expected to remain residential. Thus, future 
receptors are expected to be the same as current receptors. 

6.3.4.3 Exposure Point Concentrations 

Exposure Point Concentrations (EPC) are the concentrations of chemicals in a given medium to which a 
receptor may be exposed at a specific location or area known as the “exposure point.” For the 2.36-inch 
Rocket Ranges MRS01, the exposure point is represented by the maximum detected concentration of the 
COPC in the sediment. The 95% UCL was not calculated as the COPC was detected in fewer than six 
samples. 

6.3.4.4 Estimation of Human Intake 

RME exposure estimates were used in this RA. The RME is designed to be a measure of “high-end” 
exposure and is the maximum exposure reasonably expected to occur in a population. The most sensitive 
exposure parameters were identified and the 90th percentile of several of these parameters was used, along 
with average values for the remaining parameters. This approach is intended to account for both 
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uncertainty in the contaminant concentration and variability in the exposure parameters (such as exposure 
frequency or averaging time). Excavation activities are not expected in the pond, so construction worker 
exposure to sediment is assumed to be similar to that of commercial/industrial workers. 

To evaluate human intake of COPCs, assumptions regarding exposure parameters were made. Human 
intake, expressed as milligrams of chemical per kilogram of body weight per day (mg/kg-day), was 
obtained by multiplying the EPC by the exposure factors specific to an exposure scenario. The resultant 
intake was combined with a carcinogenic slope factor, or compared to a non-carcinogenic reference dose, 
to derive the carcinogenic and non-carcinogenic risk estimates associated with potential exposures from 
the site. 

The following general equation is used to quantify exposure to potential receptors: 

(C)(CR)(EF)(ED) 
(BW)(AT) 

Intake = 

Where: C = Chemical concentration in medium 
CR = Contact rate (amount/unit time) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kilograms [kg]) 
AT = Averaging time (days: equal to ED for non-carcinogens, and 70 years 

for carcinogens x 365 days/year) 

In accordance with USEPA guidance (1989), human intake for carcinogens is calculated differently from 
those for non-carcinogens. For carcinogens, human intake is averaged over an assumed lifetime of 70 
years. This is appropriate because cancer is considered to be a non-threshold phenomenon, and multiple 
individual chemical exposures which could result in the development of cancer are accrued over a 
lifetime. The probability of developing cancer is believed to be proportional to the duration and intensity 
of exposure. That is to say, the probability of developing cancer is proportional to the dose of chemical 
absorbed into the body, the frequency of exposure, and the duration of exposure. For cancer assessments, 
age-adjusted factors were used to account for the periods of an individual's life spent as a child and as an 
adult. The age-adjusted factor (Factoradj) replaces CR, ED, and BW in all cancer assessments for which a 
portion of the exposure would be expected to occur as a child and a portion as an adult. For this risk 
assessment, residents are assumed to include both children and adults. Recreational users and site visitors 
would include adult and adolescent receptors assumed to be intermittently exposed over the period of 
time between the ages of 10 and 18 years of age; these adolescents would only be exposed during this 
period of time (8 years). Where appropriate, exposure factors representing this receptor were used to 
calculate the age-adjusted factor. This factor was calculated as follows: 
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Factoradj = (EDc)(CRc) +(EDtotal -EDc)(CRa) 
(BWc)                   (BWa) 

Where: EDc = Child exposure duration (years) 
CRc = Child contact rate (amount/unit time) 
EDtotal = Total exposure duration of both adult and child 
CRa = Adult contact rate (amount/unit time) 
BWc = Child body weight (kg) 
BWa = Adult body weight (kg) 

For non-carcinogens, the intake is averaged only over the duration of exposure. This reflects the 
assumption that non-carcinogenic effects have a toxicity threshold. Adverse health effects would result if 
the toxicity threshold were exceeded for a period of time corresponding to the exposure duration. 
Conversely, intake of a chemical below the toxicity threshold for a period of time corresponding to the 
exposure duration would not be expected to result in adverse health effects in the receptor. 

All values used to calculate intake are presented herein. Where appropriate, site-specific information is 
used to develop reasonable yet conservative exposure factors. When neither site-specific information nor 
default values are available, best professional judgment was used to develop exposure parameters. 

Sediment intake factors, in kg sediment/kg-day, are estimated as follows: 

(Cs)(IRS)(EF)(ED)(CFs)(FC) Ingestion = 
(AT)(BW) 

Dermal Absorption = (Cs)(AB)(SA)(AF)(EF)(ED)(CFs)(FC) 
(AT)(BW) 

Where: AB = Dermal Absorption Fraction (unitless) 
AF = Dermal Adherence Factor, soil (mg/cm2) 
AT = Averaging Time (days) 
BW = Body weight (kg) 
Cs = Contaminant concentration in sediment (mg/kg) 
CFs = Conversion Factor, sediment (kg/mg) 
ED = Exposure Duration (years) 
EF = Exposure Frequency (days/year) 
ET = Exposure Time (hours/day) 
FC = Fraction Contacted 
IRS = Ingestion Rate, sediment (mg/day) 
SA = Skin Surface Area (cm2) 

Table 6.5 through Table 6.7 provide the exposure parameters, justification for the parameter value, and 
source of the value for these exposure pathways. 

This space is intentionally left blank. 
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Table 6.5: Exposure Parameters for Sediment Pathways 
Incidental Ingestion and Dermal Contact 

Current/Future On-Site Commercial/Industrial Worker and Construction Worker 

Exposure Variable 

Reasonable 
Maximum 

Exposure (RME) Rationale Reference 

IRS = Sediment 
Ingestion rate, 
(mg/day) 

50 Estimate based on incidental soil 
ingestion rate for an adult worker. 

FDEP, 2005 

FC = Fraction Contacted 1 Assumes entire exposure time spent at 
one exposure area. 

AF = Dermal Adherence 
Factor, soil 
(mg/cm2) 

0.2 USEPA recommended value for outdoor 
worker. 

USEPA, 2002 

AB = Dermal 
Absorption 
Fraction (unitless) 

Chemical-specific Chemical-specific dermal absorption 
fraction obtained from Exhibit C-6. 

USEPA, 2002 

SA = Skin Surface Area 
(cm2) 

6,940 USEPA recommended dermal exposure 
value for adult males (21+ years) 
(assumes head, arms, hands and feet 
exposed. 

USEPA, 2009 

ET = Exposure Time 
(hours/day) 

2 Assumes a worker may come into 
contact with surface water during work 
activities, for one event per day, 2 hours 
per event. 

EF = Exposure 
Frequency 
(days/year) 

250 Worker value assumes 5 days per week 
for 50 weeks per year. 

ED = Exposure Duration 
(years) 

25 USEPA, 2002 

CFs = Conversion 
Factor, sediment 
(kg/mg) 

1E-06 

BW = Body Weight (kg) 76 Default values derived from the Third 
National Health and Nutritional 
Examination Survey (NHANES III). 

FDEP, 2005 

AT = Averaging Time 
(days) 

9,125 
non-carcinogenic 

Non-carcinogens ED expressed in days. 

AT = Averaging Time 
(days) 

25,550 
carcinogenic 

Carcinogens 70-year lifetime expressed 
in days. 
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Table 6.6: Exposure Parameters for Sediment Pathways 
Incidental Ingestion and Dermal Contact 

Current/Future Site Visitor/Recreational User 

Exposure Variable 

Reasonable 
Maximum 

Exposure (RME) Rationale Reference 

IRS = Sediment 
Ingestion rate, 
(mg/day) 

50 Same value as estimate for an adult 
worker. 

FDEP, 2005 

FC = Fraction Contacted 1 Assumes entire exposure time spent at 
one exposure area. 

AF = Dermal Adherence 
Factor, soil 
(mg/cm2) 

0.2 Same value as USEPA recommended 
value for outdoor worker. 

USEPA, 2002 

AB = Dermal 
Absorption 
Fraction (unitless) 

Chemical-specific Chemical-specific dermal absorption 
fraction obtained from Exhibit C-6. 

USEPA, 2002 

SA = Skin Surface Area 
(cm2) 

6,940 USEPA recommended dermal exposure 
value for adult males (21+ years) 
(assumes head, arms, hands and feet 
exposed. 

USEPA, 2009 

ET = Exposure Time 
(hours/day) 

2 Assumes a visitor/recreational user 
(hunter) may come into contact with 
surface water, for one event per day, 2 
hours per event (a portion of an 8-hour 
hunting day). 

EF = Exposure 
Frequency 
(days/year) 

144 Site-specific value based on assumption 
of hunter exposure to surface 
water/sediment 2 hours per day, 2 days 
per week, for 9 months of the year. 

ED = Exposure Duration 
(years) 

25 USEPA, 2002 

CFs = Conversion 
Factor, sediment 
(kg/mg) 

1E-06 

BW = Body Weight (kg) 76 Default values derived from the Third 
National Health and Nutritional 
Examination Survey (NHANES III). 

FDEP, 2005 

AT = Averaging Time 
(days) 

9,125 
non-carcinogenic 

Non-carcinogens ED expressed in days. 

AT = Averaging Time 
(days) 

25,550 
carcinogenic 

Carcinogens 70-year lifetime expressed 
in days. 
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Table 6.7: Exposure Parameters for Sediment Pathways 
Incidental Ingestion and Dermal Contact Current/Future On-Site Resident 

Exposure Variable 

Reasonable 
Maximum 

Exposure (RME) Rationale Reference 

IRS = Sediment 
Ingestion rage, 
(mg/day) 

100 (adult) 
200 (child) 

Estimate based on incidental soil 
ingestion rate for a resident adult, and 
200 mg/day ingestion rate for a resident 
child worker. 

FDEP, 2005 

FC = Fraction Contacted 1 Assumes entire exposure time spent at 
one exposure area. 

AF = Dermal Adherence 
Factor, soil 
(mg/cm2) 

0.07 (adult) 
0.1 (aggregate 
resident) 

0.2 (resident 
child) 

USEPA recommended value for adult 
residents based on central tendency for 
gardeners. Default value for child. Time-
weighted average for child and adult for 
aggregate resident. 

FDEP, 2005 

AB = Dermal 
Absorption 
Fraction (unitless) 

Chemical-specific Chemical-specific dermal absorption 
fraction obtained from Exhibit C-6. 

USEPA, 2002 

SA = Skin Surface Area 
(cm2) 

2,960 (child) 
4,810 (aggregate 
resident) 

Exposed Surface Areas for Child and 
Aggregate Residents, Table A-6. 

FDEP, 2005 

ET = Exposure Time 
(hours/day) 

8 Assumes a resident may come into 
contact with surface water for up to 8 
hours per day. 

EF = Exposure 
Frequency 
(days/year) 

50 Assumes 1 (8hr) day per week for 50 
weeks per year. 

ED = Exposure Duration 
(years) 

6 (child) 
30 (aggregate 
resident) 

FDEP default values/ FDEP, 2005 

CFs = Conversion 
Factor, sediment 
(kg/mg) 

1E-06 

BW = Body Weight (kg) 17 (child) 
52 (aggregate 
resident) 
76 (adult) 

Default values derived from the Third 
National Health and Nutritional 
Examination Survey (NHANES III). 

FDEP, 2005 

AT = Averaging Time 
(days) 

9,125 
non-carcinogenic 

Non-carcinogens ED expressed in days. 

AT = Averaging Time 
(days) 

25,550 
carcinogenic 

Carcinogens 70-year lifetime expressed 
in days. 
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6.3.5 Toxicity Assessment 

The purpose of the toxicity assessment is to identify the toxicity values for the COPC identified in the 
hazard identification that will be used to estimate site risk. It also provides a description of the terms that 
are used to estimate toxic effects (i.e., cancer and noncancer effects) along with the relevant data sources. 
This includes the most recent Integrated Risk Information System (IRIS) updates. 

Toxicity values provided by USEPA reflect administered-dose values, that is, they represent 
concentrations that will be protective following ingestion or inhalation. The dermal route of exposure, 
however, evaluates the toxicity of concentrations of chemicals in the blood (absorbed). Therefore, the 
absorbed-dose concentrations identified for dermal exposure must be compared to absorbed-dose toxicity 
values. The absorbed-dose toxicity values are derived by applying oral absorption factors to administered-
dose toxicity values. The oral absorption factors used in the human health risk assessment were obtained 
from USEPA RAGS Part E, Guidance for Dermal Risk Assessment (USEPA, 2004) or Bast and Borges 
(1996). Table 6.8 lists all toxicity values used to quantify risk for this human health risk assessment. 

This space intentionally left blank. 
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Table 6.8 
Toxicity Values 

2.36-inch Rocket Ranges MRS01, BTGR 

COPC c/ CAS Number d/ 

Toxicity Parameters a/ 
CSFo CSFi b/ RfDo RfDi b/ OAF DAF URF RfC 
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Explosives 

2,4,6-Trinitrotoluene 118-96-7 3.00E-02 I -- -- 5.00E-04 I -- -- -- -- 3.20E-02 -- -- -- -- --

a/ Toxicity Parameters are defined as follows: CSFo = oral cancer slope factor, CSFi = inhalation cancer slope factor, RfDo = oral reference dose, RfDi = 
inhalation reference dose, OAF = oral absorption factor, DAF = dermal absorption factor, URF = unit risk factor, RfC = reference concentration 
b/ CSFi and RfDi values were used for screening purposes only. Per USEPA (1996), only those COPCs with RfCs or URFs were used in the quantification of 
risk/hazard. 
c/ COPC = chemical of potential concern after site attribution analysis. 
d/ CAS = Chemical Abstracts Service number. 
e/ mg/kg-day = milligram per kilogram per day. 
f/ Ref = References as defined below. 
g/ mg/m3 = micrograms per cubic meter 
h/ µg/L = micrograms per liter 
i/ "--" signifies that toxicity data were lacking. 
I = USEPA (2002), Integrated Risk Information System (IRIS). 
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6.3.6 Risk Characterization and Conclusions 

For the COPC having available toxicity values, a cancer risk and hazard quotient (HQ) estimate (for 
non-cancer risk), were calculated as discussed in the Risk Assessment Work Plan (USA, 2012). The 
carcinogenic and non-carcinogenic results and risk summaries by pathway and receptor for current and 
future receptors exposed to the sediment are presented in Table 6.9. 

The primary objective of this HHRA was to quantitatively characterize the human health risk associated 
with current and reasonably expected future exposure to contaminated media at 2.36-inch Rocket Ranges 
MRS01. All potentially complete exposure pathways for the site were evaluated or were assumed to be 
evaluated based on more protective exposure scenarios (e.g., the residential scenarios provide very 
conservative estimates for standard worker scenarios). The exposure pathways were outlined in 
subsection 6.3.4 and were also shown on the CSM (Figure 4.8). Site-specific cancer risks and non-cancer 
hazards were estimated for receptors, exposure pathways, and COPCs per the methods described 
previously in this report and the Risk Assessment Work Plan (USA, 2012). 

To determine the risk/hazard associated with exposure to contaminants in sediment at 2.36-inch Rocket 
Ranges MRS01, sediment samples collected from the pond within the MRS in February 2012 were 
evaluated. As described in subsection 6.3.3, one explosive compound, 2,4,6-trinitrotoluene, was identified 
as the only COPC in the sediment. 

The pathway specific and cumulative ris3ks are summarized in Table 6.9. 2,4,6-trinitrotoluene is the only 
analyte considered in the risk assessment for sediment. The cancer risks for future residents (child and 
resident combined) are estimated to be 6×10-10 . The cancer risks for commercial/industrial and 
construction workers are estimated to be 9×10-10 . The cancer risks for site visitor/recreational user are 
estimated to be 5×10-10 . All estimates of cancer risk for onsite current and future receptors at 2.36-inch 
Rocket Ranges MRS01 are less than the cancer risk cumulative risk goal of 1×10-6 to 1×10-4 , and 
therefore, unacceptable cancer risks due to exposure to 2,4,6-trinitrotoluene in sediment at the 2.36-inch 
Rocket Ranges MRS01 are not expected. 

The cumulative non-carcinogenic hazard indices for each receptor are less than 1 (Table 6.9). Because the 
hazard indices are not greater than 1, hazards due to exposure to 2,4,6-trinitrotoluene in sediment at the 
2.36-inch Rocket Ranges MRS01 are not expected for current or future residents, commercial/industrial 
or construction workers, or site visitors/recreational users. 
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Table 6.9 

Human Health Quantitative Risk Summary for Sediment 
BTGR - 2.36-inch Rocket Ranges MRS01 

Exposure Route 

Receptor: Future Adult Resident (Sediment) 
Ingestion of Sediment 
Inhalation of Fugitive Dust from Sediment 
Dermal Contact with Sediment 
Sum of Exposure Routes 

Receptor: Future Child Resident (Sediment) 
Ingestion of Sediment 
Inhalation of Fugitive Dust from Sediment 
Dermal Contact with Sediment 
Sum of Exposure Routes 
Sum of Residential Exposure Routes (Child and Adult) 

Receptor: Commercial/Industrial Worker (Sediment) 
Ingestion of Sediment 
Inhalation of Fugitive Dust from Sediment 
Dermal Contact with Sediment 
Sum of Exposure Routes 

Receptor: Site Visitor/Recreational User (Sediment) 
Ingestion of Sediment 
Inhalation of Fugitive Dust from Sediment 
Dermal Contact with Sediment 
Sum of Exposure Routes 

a/ HIs were calculated by summing across exposure routes 
for each receptor. 
b/ RME = reasonable maximum exposure. 

Hazard 

Index a/ 

(RME b/ ) 

3E-05 
--

4E-06 
4E-05 

3E-04 
--

4E-06 
3E-04 

8E-05 
--

8E-05 
2E-04 

5E-05 
--

4E-05 
9E-05 

Cancer 

Risk 

(RME) 

2E-10 
--

2E-11 
2E-10 

4E-10 
--

4E-11 
4E-10 
6E-10 

5E-10 
--

4E-10 
9E-10 

3E-10 
--

2E-10 
5E-10 

. 
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6.3.7 Analysis of Uncertainties 

6.3.7.1 Introduction 

All RAs involve the use of assumptions, judgments, and imperfect data to varying degrees resulting in 
uncertainties in the final estimates of risk. These uncertainties are generally associated with the multitude 
of conditions that characterize each step of the RA process (data evaluation and identification of COPCs, 
exposure assessment, toxicity assessment, and risk characterization). These conditions are 
characteristically conservative and tend to overestimate potential site-related risks. This subchapter 
qualitatively describes the inherent and site-specific uncertainties of the HHRA process. 

6.3.7.2 Uncertainty in Data Collection and Evaluation 

The analysis of uncertainties focuses on determining whether the available data are representative of 
contaminant concentrations and site conditions, and whether features of sampling, analyses, or statistical 
treatment of the data result in an over- or underestimation of potential risk. 

Chemicals that were never detected in any samples were eliminated from the RA. It is possible that some 
chemicals may have been present in samples below the reporting limit and not retained in the RA. 
However, since samples were collected from areas where concentrations were expected to be high and 
because maximum detected concentrations were used in the RA comparisons, it is unlikely that any 
chemicals were present at health-significant levels and not detected in at least one sample. 

Chemicals that were detected at concentrations less than human health screening values were eliminated 
from the RA. It is possible that some chemicals may have been present in areas not sampled, however 
samples were collected from areas where concentrations were expected to be high and because maximum 
detected concentrations were used in the preliminary screening, it is unlikely that any chemicals were 
present at health-significant levels and not detected. 

Steady-state conditions were assumed for evaluation of potential future exposures. The assumption of 
steady-state conditions may tend to overestimate long-term exposure and health risk since contaminant 
concentrations are expected to decline over time due to natural dissipation processes (e.g., biological and 
chemical degradation). It is noted though that in some cases, depending on the contaminant and or the 
release mechanisms involved, steady-state assumptions could potentially underestimate risk (e.g., 
breakdown products that are more toxic than the parent compound or a continuous source contributing to 
contamination in another media). 

6.3.7.3 Uncertainty in Exposure Assessment 

The HHRA estimates are conditional on actual and potential exposure pathways identified at the site. If 
exposure does not occur, no risks are present. Furthermore, the HHRA process does not factor in the 
probability of exposure occurring. 

Current land uses and characterization of the site’s current physical setting provided the basis for 
predicting future land use at and in the vicinity of the site. The assumption of steady-state conditions was 
also used in predicting future contaminant concentrations. As mentioned above, this assumption would 
tend to overestimate potential future exposure levels since concentrations of chemicals generally decline 
with time due to natural degradation processes. 

There is also some concern as to how well an exposure scenario approximates the actual conditions that a 
receptor may be exposed to at a given site. Potential human exposures could deviate from those used in 
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the HHRA through differences in exposure frequency, contact rates, exposure durations, body weight, and 
life span. Each of these factors has a degree of uncertainty associated with it that could over- or 
underestimate risk. 

There is a high degree of variability in sediment adherence and duration of sediment contact with the skin 
(USEPA, 2004). The adherence factor introduces uncertainty in the estimate of sediment exposures 
(USEPA, 2004). Increasing moisture content increases the ability of sediments and soils to adhere to the 
skin.  The increased moisture content may also affect the relative percentage absorbed. 

The amount of chemical absorbed from sediment is dependent on a number of chemical, physical, and 
biological factors. The relative importance of some of these factors on absorption may differ between 
soils and sediments. Per USEPA guidance (2004), the same dermal absorption fraction for soils is used 
for sediments, until addition information becomes available. 

6.3.7.4 Uncertainty in Toxicity Assessment 

Some uncertainty is also inherent in the toxicity values used in the HHRA. Carcinogenic slope factors and 
route-specific values derived only for compounds that have been shown to cause an increased incidence 
of tumors in either human or animal studies. This dose-response curve is then assumed to be linear at low 
doses (e.g., those found in situations of environmental contamination) and is used to predict tumor 
incidence at low exposure levels. When an animal study is used, the final SF is adjusted to account for 
extrapolation of animal data to humans. If the studies used to derive the SF were conducted for less than 
the life span of the test organism, the final SF had also been adjusted to reflect risk associated with 
lifetime exposure. 

The carcinogenic slope factors are generally an upper 95th percentile confidence limit of the probability 
of a response based on experimental animal data in the multistage model. This means that the site-specific 
chemical risk is not likely to exceed the risk estimate derived through the model and is likely to be less 
than the predicted risk. 

The chronic reference dose (RfD) for a compound is based on studies where either human or animal 
populations were exposed to a given compound by a given route of exposure for the major portion of the 
life span (as an USEPA guideline, 7 years to a lifetime) (USEPA, 1989). RfDs are derived by determining 
dose-specific effect levels from all the available quantitative studies and applying uncertainty factors to 
the most appropriate effect level to determine an RfD for humans. Uncertainty factors are generally 
applied as multiples of 10 to represent specific areas of uncertainty in the data. Typically, an uncertainty 
factor of 100 to 1,000 is used in the professional judgment of uncertainties. General uncertainties in the 
derivation of RfDs may be associated with factors such as: (1) variations in the general population (to 
protect sensitive receptors); (2) extrapolation of animal data to humans; (3) use of a subchronic study 
versus a chronic study to determine the no-observed-adverse-effect level (NOAEL); or (4) use of a 
lowest-observed-adverse-effect level (LOAEL) versus a NOAEL. Both the uncertainty and modifying 
factors are conservative in nature and tend to overestimate risk. 

6.3.7.5 Uncertainty in Estimating Chemical Risk 

The expression of the potential risk associated with contaminants detected at the site is a result of the 
combined steps of data evaluation, exposure assessment, and toxicity assessment. This combination 
provides the potential to magnify the uncertainties present in these steps of the HHRA process. 
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Screening criteria are developed using very conservative (health-protective) exposure and intake 
assumptions. The HHRA comparisons also use conservative concentrations of the chemicals detected at 
the site. Additionally, screening criteria used in the HHRA are considered health-protective for 
carcinogenic and non-carcinogenic chemical mixtures. Carcinogenic chemicals correspond to the 
conservative 1×10-6 (one in a million) excess cancer risk level, providing a very protective screening 
value.  Non-carcinogens use a target HQ of 1. 

6.4 ECOLOGICAL RISK ASSESSMENT 

6.4.1 Ecological Risk Assessment 

This ecological risk assessment (ERA) provides an evaluation of the potential risks to ecological health 
posed by MRS detected in various media associated with the 2.36-inch Rocket Range. MC contamination 
was not identified at the Remaining Lands MRS02. As presented in USEPA and USACE guidance 
documents, the ERA is a three-step evaluation process including: 

Problem formulation, including development of a conceptual site model to describe how a given 
stressor might affect the ecological components in the environment; 
Analysis Phase, which is composed of two major elements, 

Characterization of exposure; 
Characterization of ecological effects, including the hazard identification and dose-
response assessment; and 
Risk characterization. 

Each of these steps is discussed in detail in the following subsections. 

The primary references used in the ERA include: 

Framework for Ecological Risk Assessment (USEPA, 1992b); 
Wildlife Exposure Factors Handbook, Volume I (USEPA, 1993b); 
Risk Assessment Handbook: Volume II: Environmental Evaluation (USACE, 2010); 
Ecological Risk Assessment and Risk Management Principles for Superfund Sites (USEPA, 
1999); 
Guidance for Comparing Background and Chemical Concentrations in Soil for CERCLA Sites 
(USEPA, 2002); 
Guidance for Developing Ecological Soil Screening Levels (USEPA, 2003c); and 
Brooksville Risk Assessment Work Plan (USA, 2012). 

6.4.2 Problem Formulation 

An ERA evaluates the effects of stressors in the environment, including the effects of analytes used in the 
area on particular environmental receptors. In addition, an ERA evaluates how environmental receptors 
may come into contact with stressors, and how these receptors potentially interact with one another. The 
determination of stressor characteristics begins with the identification of potential chemical stressors, 
followed by a description of the ecosystems in which the effects of the stressors may occur. The problem 
formulation step of an ERA includes selection of ecologically based endpoints that are relevant to 
decisions made about protecting the ecosystem. Ecologically based endpoints may be divided into two 
types: assessment endpoints are explicit expressions of the environmental value that is to be protected, 
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and measurement endpoints are measurable responses to a stressor that are related to the characteristics 
selected as assessment endpoints. The final part of the problem formulation is to develop a conceptual site 
model. 

6.4.3 Anticipated Land Use and Potential Exposure 

Land use at the site will remain primarily residential and commercial, with some small farms and 
pastureland. The potential environmental receptors are species or groups of species that may occur in the 
area, and receptors where life-history information is known and potential effects of stressors can be 
inferred. Samples were collected from surface water and sediment as part of the remedial investigation to 
address the potential effects of stressors on environmental receptors. In accordance with the field 
sampling plan, no surface soil or groundwater samples were collected; thus this ERA addresses only 
effects on aquatic receptors. While groundwater may be shallow, and there may be an interaction between 
surface water and groundwater, any water encountered by ecological receptors was considered surface 
water. 

6.4.4 Selection of COPECs 

Sample data were evaluated to determine if a release has likely occurred and the baseline ERA was 
conducted following the framework for ecological risk assessment outlined in USEPA guidance (USEPA, 
1992b). 

Soil sampling has been completed during previous removal actions conducted at the 2.36-inch Rocket 
Ranges MRS01 (then referred to as the 2.36 inch Rocket Range 1 PAOI). In 2006, MC sampling for soil 
was performed in association with the NTCRA Phase I in areas where MEC/MD items were found and no 
MC was found at concentrations exceeding the selected screening levels (ECC, 2006). From 2007 to 
2010, MC sampling for soil was performed in association with the NTCRA Phase II (Parsons, 2008, 
2010a, and 2010b). No explosives were detected in the soil samples. MC metals were not detected at 
concentrations greater than the FDEP criteria. Therefore, there is currently no evidence of a release of MC 
to the soil due to munitions activities at this MRS. 

Surface water and sediment samples were analyzed for explosives and metals. The analytes detected at 
concentrations above preliminary screening values were considered Chemicals of Potential Ecological 
Concern (COPECs). 

6.4.5 Ecological Conceptual Site Models 

Ecological conceptual site models (ECSMs) identify potential pathways for exposure of ecological 
receptors to COPECs at the site. An exposure pathway evaluation describes how a receptor could be 
exposed to COPECs at, or migrating from, the site. A potentially complete exposure pathway requires 
four necessary elements: 

A source and mechanism of chemical release; 
An environmental transport medium; 
A point of potential contact with a receptor; and  
A feasible route of exposure. 

ECSMs illustrate onsite release points, affected physical media, types of COPEC transport mechanisms, 
groups of potentially exposed populations or ecological receptors, and how each receptor group may 
contact site-related contamination. In addition to potentially affected communities, ECSMs also identify 
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major feeding guilds (e.g., omnivorous mammals, predators), and representative species or group of 
organisms for each complete, or reasonably anticipated to be complete, exposure pathway. The ECSM for 
the 2.36-inch Rocket Ranges MRS01 is presented in Figure 4-10. 

6.5 ANALYSIS PHASE OF ERA 

The analysis phase of the ERA consists of the technical evaluation of data on existing and potential 
exposures and the ecological effects of those exposures at the site. 

6.5.1 Ecological Characterization of Exposure 

The exposure characterization evaluates the interaction of the stressor with the ecological components 
under consideration. The stressor characterization involves determining the stressor’s distribution and 
pattern of change, based largely on the ECSM. The ecological characterization is analyzed to determine 
the ecological attributes that influence the distribution and nature of the stressor. Characteristics of 
ecosystems that may influence exposure to the stressor may include such factors as habitat needs, food 
preferences, reproductive cycles, and seasonal activities. 

6.5.2 Ecological Characterization of Effects 

The relationship between the stressor and the assessment and measurement endpoints are analyzed using 
the information as follows. 

6.5.3 Estimation of Exposure 

Ecological receptors may be at-risk from exposures to COPECs if there is a complete exposure pathway 
between the COPEC source and the receptor. Surface water and sediment are the media that were 
evaluated in the ERA. Generally, ecological receptors are not exposed to groundwater. However, at this 
site, the groundwater is relatively shallow, and there is a groundwater to surface water connection. 
Therefore, ecological receptors may come into contact with groundwater that has moved into surface 
water bodies. If groundwater has interacted with surface water, it was evaluated as surface water. 
Groundwater was not evaluated separately for ecological receptors. 

6.5.4 Selection of Ecological Receptors 

Ecological receptors provide measurement endpoints where the effects of chemical stressors can be 
quantified. For ecological receptors, the risk evaluation approach for direct exposure pathways was based 
on organism communities. 

6.5.5 Direct Exposure 

Aquatic vegetation is exposed by continuous contact with surface water, and continuous, or nearly 
continuous root contact with sediment. Aquatic invertebrates are exposed to COPECs in surface water 
through dermal contact with surface water ingestion as drinking water and dermal contact with sediment. 
Exposure of aquatic organisms and potential adverse effects are evaluated for aquatic communities 
considered as an assemblage composed of multiple species. In the aquatic pathways, COPEC 
concentrations in surface water is the measure of exposure, which in the risk evaluation are compared to 
water quality standards for aquatic life protection. Because water quality standards are derived from data 
on multiple fish and invertebrate species, they provide a wide representation of various types of 
potentially affected aquatic organisms. 
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6.5.6 Exposure by Food/Prey Ingestion 

Wildlife receptors that primarily obtain food/prey from aquatic environments (i.e., wading birds) are 
directly exposed to COPECs in surface water through dermal contact and ingestion as drinking water. 
Further, the exposure of wading birds may be increased due to ingestion of aquatic organisms and 
ingestion of surface water during feeding. A piscivore (e.g., the great blue heron) was included because 
there are freshwater ponds in the area from which birds may fish. The great blue heron was assumed to 
consume nothing but fish. 

6.5.7 Dietary Intake Calculation 

To quantify ecological receptor dietary exposure, ingestion was expressed as an average daily dose 
(ADD) based on COPEC concentration in food items. COPEC concentrations in food items, in turn, were 
calculated from sediment concentrations using biota transfer factors. Wildlife exposure to COPECs 
accounts for incidental ingestion of sediment. 

The exposure by dietary ingestion is a function of (1) COPEC concentration in the food source; (2) the 
food ingestion rate (FIR) of the consumer organism; and (3) exposure modification factors (EMFs). EMFs 
are unitless values that account for the COPECs bioavailability, and the organism’s foraging range and/or 
seasonal presence. 

To calculate the daily dose for a receptor exposed to a contaminant in diet and water, the following 
equation may be used (note that the concentration in sediment and food items is expressed in dry weight): 

ADD = FIR x ∑(Tij x Cj x DFi) x EMF / BW 

where, 
Dose = COPEC ingestion in diet [mg/kg dry weight] 

FIR = food ingestion rate [kg food (dry weight)/kg body (wet weight)/day] 

Tij = biota transfer factor for COPEC (j) for biota type (i) 

Cj = COPEC concentration in each source (food, incidental ingestion of 
sediment, in mg/kg [dry weight]) 

DFi = dietary fraction of food item (i) 

EMF = exposure modification factor 

BW = body weight of the organism (kg wet weight). 

Where possible, species-specific data on food ingestion rates were obtained from USEPA’s Wildlife 
Exposure Factors Handbook (USEPA, 1997), and ingestion rates derived for surrogate wildlife species 
(USEPA, 2003c). This information is summarized in Table 6.10. 
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Table 6.10: Dietary Intake Parameters 

Ecological 
Receptor 

Average 
Body 

Weight 
(BW) 

(g) 

Food 
Ingestion 

Rate 
(FIR) 

(g/g-day) 

Water 
Ingestion 

Rate 
(g/g-day) 

Dietary Composition (fraction by 
weight) Foraging 

Territory 
(ha) Plant 

material 
Non-plant 
food items 

Incidental 
Sediment 

Great Blue Heron 
(Ardea herodias) 

2,230 0.18 0.045 0.0 0.99 0.01 8.4 

6.5.8 Toxicity Assessment 

Toxicity reference values (TRVs) were used to evaluate the potential hazards from the exposure estimated 
for each COPEC. Before a numerical value is chosen for the TRV, an “assessment endpoint” must be 
selected, as described above. TRVs are species-specific and chemical-specific estimates of an exposure 
level that may cause unacceptable adverse effects on growth, reproduction, or survival. The numerical 
values used as TRVs are called “measures of effect.” There are multiple potential measures of effect that 
can be derived from toxicity studies. Two types of TRVs were used in the risk evaluation: 

A dose-based TRV (expressed in units of mg/kg-day), to be used in the evaluation of risks to 
wildlife via ingestion pathways; and 
A concentration-based TRV (expressed in units of mg/unit of medium, e.g. mg/L of water, mg/kg 
of sediment) to be used in evaluating risk to ecological receptors in direct contact with a 
contaminated medium (e.g. plants, sediment invertebrates, aquatic biota). 

6.5.9 Dose-Based TRVs 

Most ecological TRVs for wildlife receptors are derived from studies of laboratory animals exposed to 
various levels of chemical exposure. Data on two types of test endpoints were used in evaluating effects 
on wildlife species: 

A no-observed adverse effect level (NOAEL) endpoint that reflects the highest exposure level 
that causes no statistically significant difference in effect compared to the test control organisms; 
and 
The lowest-observable adverse effect level (LOAEL) endpoint that indicates the lowest exposure 
level shown to cause some adverse effect in a test species. 

In the TRV selection, preference was given to toxicological data documenting effects on reproduction and 
development associated with chronic exposures to wildlife species. When USEPA (2003a) TRVs are 
unavailable, COPEC wildlife benchmarks by Sample et al. (1996) were used as a secondary TRV source. 

6.5.10 Concentration-Based TRVs 

Surface Water. The most recent published screening values from FDEP Surface Water Quality Standards 
(Class III waters: Recreation, Propagation and Maintenance of a Healthy, Well-Balanced Population of 
Fish and Wildlife [Predominantly Fresh Waters]) were the primary TRVs to evaluate ecological risk to 
aquatic organisms in fresh surface water at the site. In the absence of screening values from FDEP, 
screening values were obtained from the most recent published guidelines from USEPA Region IV. 
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Sediment. TRVs for protection of benthic organisms from contaminants in sediment were reference 
values by Jones, Sutter and Hull (1997), and McDonald, Ingersoll and Berger (2000). Those TRVs reflect 
potential impacts to benthic organism communities as a whole, based on various test endpoints (e.g. no 
effect levels, threshold effect levels, probable effect levels). 

6.6 RISK CHARACTERIZATION AND MANAGEMENT 

6.6.1 Ecological Risk Characterization 

6.6.1.1 Hazard Quotient Calculation 

The assessment of ecological risk was based on the development of ecological hazard quotients (HQs). 
HQs are threshold values indicative of a level of exposure below which it is unlikely for even sensitive 
populations to experience adverse effects. For a direct exposure pathway to a given COPEC, HQs were 
calculated as the ratio of the COPEC exposure concentration in the medium and the applicable TRV. A 
summary of the surface water and sediment data and the preliminary ecological screening values used for 
calculate HQs are presented in Tables 4.4a (surface water) and 4.4b (sediment). The sampling results for 
each location are present in Appendix B. Lead was the only COPEC identified in surface water. Barium, 
copper, lead and zinc were the identified COPECs in sediments. 

For dietary intake, HQs for fish ingestion were calculated by comparison of TRVs and exposure 
parameters discussed in Section 6.5. HQs were calculated on the basis of both NOAEL-based TRVs and 
LOAEL-based TRVs to quantify a range of potential risk to the great blue heron from fish/surface 
water/sediment ingestion. As lead was the only detected COPEC in surface water, it was the only COPEC 
modeled through the food chain. The calculated HQ for lead for the great blue heron was below 1. 

6.6.1.2 Uncertainty Analysis 

In general, the ERA methodology initially uses conservative estimates of risk associated with COPEC 
release into an environmental media. An assessment of ecological risks associated with COPECs 
exposure, has areas of uncertainty due to the variety of assumptions, parameters, and factors used in the 
risk calculations. These assumptions vary for different site conditions and ecological receptors. Typical 
uncertainties to be evaluated in analyzing the updated ERA results include: 

Site-specific representativeness of food web(s) used; 
The representativeness of diet assumptions for ecological receptors; 
The effect of site-specific environmental conditions affecting the fate, transport and 
bioavailability of COPEC; 
Unknown extent that an ecological receptor metabolizes or eliminates a COPEC; 
Toxicity reference values that are extrapolated from laboratory tests to wildlife species, or in 
some cases are unavailable; 
Percent of diet intake that is actually obtained from a given contaminated area. 

6.6.1.3 Risk Management Considerations 

Ecological risk estimates and management strategies vary depending on anticipated land use. In areas 
within or near high quality habitats, assumptions adopted to derive ecological risk calculations were more 
conservative than those used in ecological risk calculations for areas with limited wildlife habitat. 
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6.7 CONCLUSIONS OF THE RISK ASSESSMENT 

6.7.1 MEC Risk Assessment Conclusions 

Based on this MEC HA evaluation, MRS01 has a total MEC HA score of 445, which equates to a Hazard 
Level of 4 (“low potential hazard conditions”). This information will be used in the FS for assessment of 
response alternatives. No complete MEC exposure pathways are present at MRS02 – Remaining Lands. 

6.7.2 MC Risk Assessment Conclusions 

6.7.2.1 Human Health Risk Assessment Conclusions 

To determine the risk/hazard associated with exposure to contaminants in sediment at 2.36-inch Rocket 
Ranges MRS01, sediment samples collected from the pond within the MRS in February 2012 were 
evaluated. One explosive compound, 2,4,6-trinitrotoluene, was identified as the only COPC in the 
sediment. 2,4,6-trinitrotoluene is the only analyte considered in the risk assessment for sediment. All 
estimates of cancer risk for onsite current and future receptors at 2.36-inch Rocket Ranges MRS01 are 
less than the cancer risk cumulative risk goal of 1×10-6 to 1×10-4, and therefore, unacceptable cancer risks 
due to exposure to 2,4,6-trinitrotoluene in sediment at the 2.36-inch Rocket Ranges MRS01 are not 
expected. The cumulative non-carcinogenic hazard indices for each receptor are less than 1. Because the 
hazard indices are not greater than 1, hazards due to exposure to 2,4,6-trinitrotoluene in sediment at the 
2.36-inch Rocket Ranges MRS01 are not expected for current or future residents, commercial/industrial 
or construction workers, or site visitors/recreational users. 

6.7.2.2 Ecological Risk Assessment Conclusions 

To determine the risk/hazard to ecological receptors associated with exposure to contaminants in surface 
water and sediment at 2.36-inch Rocket Ranges MRS01, surface water and sediment samples collected 
from the pond within the MRS in February 2012 were evaluated. One metal in surface water (lead) and 
four metals in sediment (barium, copper, lead and zinc) were identified as COPECs for ecological 
receptors. No COPECs were identified as presenting an unacceptable risk to ecological receptors via 
bioaccumulation pathways. For lead in surface water, lead was only detected at one of eight locations and 
the calculated HQ was 2. As only one sample slightly exceeded the screening criteria for lead in surface 
water and because there were no other detections of lead in surface water, this detection is not thought to 
be significant. For the COPECs identified in the sediments, calculated HQs ranged from 2 – 3 using 
maximum detected concentrations and conservative screening levels. For three of the metals (copper, 
lead, and zinc), the maximum detected concentrations of each compound are all well below the probable 
effects levels published for these compounds (McDonald, et al, 2000); thus, the estimated risk to aquatic 
life is expected to be minimal as a result of exposure to these compounds. For barium, the probable effect 
level is 60 mg/kg and three sample locations in sediment had detections of barium slightly above this 
level (62, 67 and 69 mg/kg). As the detections of barium only slightly exceed this level and because 
barium was not detected in surface water and is not bioaccumulative, the concentrations of barium in 
sediment are not expected to pose a significant risk to aquatic life. 
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CHAPTER 7. SUMMARY OF RESULTS 

7.1 INTRODUCTION 

From February 21, 2012 through May 3, 2012, Parsons conducted an RI at seven PAOIs at the former 
BTGR in Brooksville, Florida. The RI was developed to determine the nature and extent of MEC and MC 
contamination and identify risks related to MEC and MC if any, at the former BTGR. 

7.2 REMEDIAL INVESTIGATION 

7.2.1 Objectives 

The primary objective and purpose of the RI at the former BTGR was to determine the nature and extent 
of MEC and MC contamination and to assess related risks. Should MEC and/or MC risks be identified, 
the RI results were to provide the basis for identifying and screening potential remedial technologies and 
alternatives. The objective of the RI at the former BTGR is considered complete when the investigation 
has been safely conducted, required data identified in the work plan has been collected, and results of all 
evaluations and assessments are sufficient to characterize the site, identify and quantify any associated 
risk, and when an FS for remedial action has been conducted. 

7.2.2 Activities and Results 

To address the RI objectives, DGM, and intrusive investigation of select anomalies and MC sampling of 
environmental media of interest (surface water and sediment) was conducted. MEC was not identified on 
surface and subsurface soil at any of the five PAOIs investigated for MEC. No MEC was found beyond 
the immediate surroundings of the site boundary. DGM was conducted on a total of 30.23 acres. One 
thousand six hundred ninety five targets were identified and 194 of these targets (approximately 11.4%) 
were intrusively investigated. Intrusive investigations conducted over 47.4 acres of the site using analog 
magnetic responses indentified 10,674 anomalies, which included all eight pieces of MD. Overall, a total 
of zero MEC and eight MD items were recovered. The MD items recovered consisted of seven .50 caliber 
projectiles and one fin from a 60mm mortar. Depths at which MD were recovered varied from a depth of 
1 to 6 inches bgs. 

Environmental samples were collected in surface water and sediment to determine the nature and extent 
of contamination in these environmental media and to identify and quantify any associated risk from MC. 
Eight surface water and eight sediment samples were collected as biased samples from a single pond 
located in the 2.36-inch Rocket Range 1 PAOI. One duplicate surface water sample and one duplicate 
sediment sample were also collected. All samples collected were analyzed for explosives and metals. 
Detected metals were compared to screening values agreed upon by the TPP team. 

Results from the laboratory analysis were compared to screening values to identify COPCs. Only the MC 
determined to be COPCs were retained for analysis in the risk assessment. To evaluate potential human 
health and ecological risks at the site, the exposure-point concentrations of each COPC were evaluated 
against HHSL and ESVs. Comparison of detected concentrations to the selected screening levels was 
used to provide a conservative estimate of potential risk to human and ecological receptors. 

2,4,6 Trinitrotoluene (TNT) was the only explosive compound identified as a COPC in sediment samples. 
2,4,6 TNT was detected above a human health screening value (0.0060 mg/kg) in three sediment samples 
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with concentrations ranging from 0.084 mg/kg to 0.094 mg/kg. The three 2,4,6 TNT concentrations 
detected in sediment exceeding HHSLs pose a risk to human health. Risk Assessment results indicated no 
unacceptable human health effects. 

Metals identified as COPECs in sediment included barium, copper, lead and zinc. Concentrations of 
barium exceeded the ESV (20 mg/kg) at six locations with concentrations ranging from 23 mg/kg to 68 
mg/kg. Concentrations of copper exceeded the ESV (19 mg/kg) at five sample locations with 
concentrations ranging from 22 mg/kg to 35 mg/kg. Concentrations of lead exceeded the ESV (30 mg/kg) 
at five locations with concentrations ranging from 51 mg/kg to 65 mg/kg. Concentrations of zinc 
exceeded the ESV (120 mg/kg) at four sample locations with concentrations ranging from 150 mg/kg to 
250 mg/kg. Based on the ecological risk assessment performed for this RI, barium, copper, lead and zinc 
in sediment are not expected to pose a significant risk to ecological receptors. 

Metals identified as COPECs in surface water included lead. Concentrations of lead exceeded the ESV 
(1.3 µg/L) at one location with a concentration of 2.2 µg/L. Based on the ecological risk assessment 
performed for this RI, lead in surface water is not expected to pose a significant risk to ecological 
receptors. 

7.2.3 Conclusion 

Data collected during the previous investigations and the RI was sufficient to characterize the two MRSs. 
The data were used to support a risk assessment approach as agreed to by the TPP team. The results of the 
RI indicate that there is a potential for human receptors to come into contact with MEC at MRS01 – 2.36 
Inch Rocket Ranges. There are no MEC hazards present with MRS02 – Remaining Lands. 

The MC risk assessment indicated no unacceptable human health or ecological risks present at either of 
the MRSs. 

Information provided in this RI will be used to provide a baseline characterization for the evaluation of 
alternatives provided in the FS Report to address mitigation of MEC risk identified at the MRS01 – 2.36 
Inch Rocket Ranges. 

No significant MEC hazards are present within MRS02 - Remaining Lands. Based on previous 
investigation (EE/CA) and the RI, no actual discoveries of MEC have been made in the past 20 years in 
this MRS. The RI investigation of MRS02 - Remaining Lands involved geophysical and analog surveys 
to ensure areas thought to potentially contain MEC were investigated for presence of MEC and MC. No 
physical findings of MEC were made during previous EE/CA and this RI effort. Since no MEC have been 
found, no significant MC contamination or hazard is expected within this MRS. Therefore, since a source 
is not present, the exposure pathways are considered incomplete. In accordance with ER 200-3-1, MRS02 
can proceed to a Proposed Plan, followed by regulatory acceptance of a Decision Document that presents 
the recommendation for No Department of Defense Action Indicated. In this regard, an FS for MRS02 – 
Remaining Lands is not warranted. 
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