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EXECUTIVE SUMMARY

This report presents the findings of the Remedial Investigation/Feasibility Study (RI/FS) for the
Boeing Michigan Aeronautical Research Center (BOMARC) Missile Site, McGuire Air Force
Base (AFB), New Jersey. Specific tasks completed, findings, and recommendations are
summarized below.

L. Site Description and Location

The BOMARC Missile Site occupies approximately 218 acres just east of Ocean County
Highway 539 in Plumsted Township, Ocean County, New Jersey (Figure ES-1). It lies about
11 road miles east of McGuire AFB and is contained within the Fort Dix Military Reservation
on land leased to the Air Force (Figure ES-2).

Rows of shelters built to house nuclear warhead-equipped BOMARC missiles were constructed
at this facility during the late 1950s and early 1960s (Figure ES-3). The facility was deactivated
in 1972, with all missiles removed from the shelters. Although the facility has been deactivated,
it remains under Air Force lease and jurisdiction.

On June 7, 1960, an explosion and a fire occurred in BOMARC Missile Sheiter 204. The force
of the explosion destroyed portions of the shelter roof, caused flames to rise to 20 feet, and
caused black smoke to blanket the area. At the time of the fire, a north-northeast wind of two
to eight knots blew the smoke into the surrounding areas. Some of the plutonium released by
the fire may have been carried aloft by the northeasterly wind, and dispersed from the
BOMARC Missile Site.

The Air Force radiation surveys indicate that a substantial amount of plutonium was exhausted
from Shelter 204 during the incident. The wall contamination results clearly show that
uncontaminated air entered the shell of the structure from the north and northeast as these wall
areas were uncontaminated. The air traveled southward towards the fire, and was exhausted in
the southwest quadrant. Some contaminated exhaust was circulated around the lower level of
the structure shell, and contaminated the lower walls on the east and west sides. The
contaminated exhaust appears to have exited the building at the north half of the west wall and
at the midline of the east wall. Substantial amounts of contamination were also detected on the
upper surfaces of an "I" beam, which supports the roof structure, upwind from the source of
plutonium.

The fire burned uninhibited for about 30 minutes. As part of the fire fighting activity, the area
was sprayed with water from the fire hoses for approximately 15 hours. As a result, plutonium-
contaminated water flowed under the front door of the Missile Shelter 204, down the asphalt
apron and street, and into the drainage ditch leading outside the site boundary. An earthen dam
was constructed across the ditch to contain the contaminated water. The drainage ditch runs in
a southerly direction from Shelter 204, and parallels the site boundary fence for several hundred
feet before it enters an underground culvert and crosses undemeath Ocean County Route 539.

ES-1
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From this point, the cuivert opens into a sandy ditch that eventually flattens into a wooded area.

Although no nuclear explosion took place, the nuclear warhead, which contained bottled tritium
and plutonium, was burned and partially melted. The missile was destroyed, and the missile
shelter was badly damaged. The oxidizer tank was displaced yet remained intact. The residue
from the burning warhead contaminated the concrete floor. In addition to the severely damaged
roof, the floor and concrete walls were pitted by flying fragments of the helium and fuel tanks.
The steel roof beams were also deformed, and the shelter walls received heat damage.

The tritium bottle was found to be in good condition. The valve of the tritium bottle was
removed, and both the valve and the bottle were sent to the Los Alamos National Laboratory
in New Mexico. The remains of the warhead and all residue from the floor were placed in
plastic bags, and then placed into sealed cans for disposal. The nuclear materiai »as separated
by grade. Shortly after the 1960 missile accident, seven containers of plutonium were recovered
by explosive ordnance disposal personnel. Initially the containers were sent to Medina Base,
San Antonio, Texas. The containers remained at the Medina Base until approximately 1965
when they were transferred to the Department of Energy (DOE) Pantex facility. The containers
remained at Pantex until sometime in 1979 to 1982. The DOE conducted measurements of the
recovered material during that period. The amount of plutonium in the warhead remains
classified. However, DOE and Air Force scientists prepared an unclassified account of the
disposition of the recovered material during that period. The account is provided as Volume 2,
Appendix 2-5 of this EIS. The account indicates that the estimate of the upper limit of the
plutonium that could have been left on-site is 300 grams.

The missile launcher is believed to have been removed from Shelter 204 shortly after the
accident. However, its whereabouts remain unknown and no verified records indicating the
manner or location of its disposal are known to exist. Air Force procedures in effect at the time
of the accident would have included removal of contaminated debris from the shelter for disposal
as waste. Existing records indicate disposal of additional radioactive waste from the site at the
Idaho National Engineering Laboratory. Records also indicate containment measures were
applied to the missile shelter and the asphalt apron but are silent as to the launcher.

In June 1960, air samplers were placed downwind of the accident site. The area was checked,
and monitoring equipment was installed. During the fire, tar had melted and spread in a thin
layer on sections of the floor of Shelter 204. Several sections of the floor containing tar showed
radiation readings of over two million counts per minute (cpm). The level in the center of the
road outside the shelter was also two million cpm.

The entire area was again washed down with water and then allowed to dry. Presumably, the
wash water drained into the drainage ditch. Also in June of 1960, after the area was completely
dry, the inside of the shelter was spray painted in order to shield alpha radiation emissions. The
outside area was also painted. A total of 110 gallons of paint was used. After the paint had
dried enough to walk on, radioactivity readings were again taken. Areas that had previously




shown two million cpm then showed zero due to the shielding effect of the paint layer on alpha
radiation emitted by the plutonium. Some of the fringe areas showed readings of 50 to 500 cpm.

Later in the month of June 1960, 4 inches of reinforced concrete were poured over the asphalt
apron in front of Shelter 204 in an effort to fix the plutonium contamination under a protective
overburden. In addition to this, two inches of asphalt were placed along the bottom of the
drainage ditch located inside the site boundary fence. An additional 2 inches of concrete was
added to a small portion of the shelter apron area in 1967, covering the manhole access to the
communication and power pits, proximate to Shelter 204. The pit area inside Shelter 204 was
filled with soil excavated from the rear of the shelter.

I. Time Sequence of Work Performed

The RI/FS was authorized in January 1989. Planning documents were finalized between January
and May 1989. Field Work, which consisted of field sampling and analysis of environmental
samples, geophysical surveys, and mapping, was largely completed between June and November
1989.

Data reduction, analysis, and interpretation were ongoing and this RI/FS report was completed
in May 1992.

III. Investigative Procedures and Summary of Field Program

The remedial investigation of the BOMARC Missile Site was conducted in order to determine
the distribution and concentrations of plutonium and its decay product americium in site soils,
surface water, ground water, air and structural materials. This was done through a combination
of background research on site characteristics and history, sampling/analysis of soil, surface
water, ground water, air, and structural materials onsite, and various other surveys as described
below.

Two geophysical techniques, magnetic profiling and ground-penetrating radar (GPR) profiling,
were used to search for the potentially contaminated missile launcher from Shelter 204 and
comainerized wastes which were possibly buried onsite. The Air Force standard operating
procedure would have been to decontaminate any contaminated hardware, including the launcher
and missile shelter doors, prior to disposal or removal from the site. This procedure would have
been consistent with decontamination/containment measures taken on contaminated structures,
such as the missile shelter and asphalt apron, soon after the accident. There is no available
information that indicates that the launcher or missile shelter doors were contaminated, however,
the .xir Force conservatively assumes that these items could have become contaminated as a
result of the accident, and could have been disposed of onsite. Magnetic surveying was the most
appropriate method for locating the launcher and drums because their prominent physical
property is magnetic susceptibility. The increased susceptibility of the ferrous metal relative to
the surrounding soils causes localized perturbations (anomalies) in the earth’s magnetic field.
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GPR profiling was also an appropriate method for finding these objects because the metal forms
a large dielectric contrast relative to the soil.

Surveys were completed at four areas; three are north to northeast of Shelter 204 (Figure ES-3)
and one is just south of the site perimeter at a suspected dump site. The surveys located several
anomalies representing buried ferrous objects (possibly the missile launcher and drums).

Field sampling performed at the BOMARC Missile Site involved the collection and analysis of
ground water, surface water, concrete/asphalt core, soil, sediment, wipe, and ambient air
samples. In addition, three separate in-situ gamma ray surveys were performed using both a
hyper-pure germanium (HPG) detector and a field instrument to detect low energy radiation

(FIDLER).

Ground water and soil samples were originally collected for plutonium analysis. Chemical
analysis for both ground water and soil was added as a modification to the original project
Statement of Work. The purpose of this modification was to identify chemical contaminants that
may affect remedial alternatives considered. Non-radioactive chemical contaminants in ground
water are being addressed under a separate ongoing base-wide RI/FS program. Non-radioactive
chemical contaminants were detected in soils at levels below applicable regulatory action levels,
and below levels that would affect remedial alternatives under consideration.

Subsurface soil sampling was conducted at the BOMARC Missile Site in order to determine the
vertical extent of radionuclide migration in the soil coluomn. Soil borings were installed
primarily in areas of highest known radioactivity (exclusive of the concrete apron area) in order
to ensure measurement of worst-case vertical contaminant migration. Borehole locations were
selected by scanning areas of highest radioactivity (areas surrounding shelter 204, drainage
pathway, and others) with a FIDLER probe. "Hot-spots" were pin-pointed by lowering the
probe close to the ground. A two-inch diameter soil core was then obtained to a depth of six
inches below the surface. This soil core was rescanned with the FIDLER to ensure its
radioactivity. This sample then became the uppermost soil sample from each borehole sent for
laboratory radioanalysis. Boreholes were drilled directly on the location of the surface sample,
so that analytical results for subsurface samples could be compared to those for th radioactive
surficial sample. All soil samples were scanned onsite using the FIDLER, and three samples
from each borehcle underwen:. laboratory analysis for plutonium. Most soil borings were
terminated at depths of 10 feet or less. In addition, shallow (<2 ft.) soil corings were installed
on the centerline of the asphalt drainage ditch using hand tools. Shallow soil coring samples
collected from the ditch underwent analysis for plutonium and chemical contaminants. A total
of 26 boreholes and four shallow soil corings were installed.

During borehole drilling at the BOMARC Missile Site, field observations were made by a
qualified geologist and recorded in logbooks and on borehole log sheets. Soil lithology, sample
recovery, hammer blow counts, radiation readings, and any pertinent data were recorded during
drilling.




Continuous soil cores were scanned using a FIDLER probe. Soil cores were laid on a table, and
the site health physicist scanned each core. A Bicron Model G5 FIDLER probe was used. Data
were processed using an Eberline ESP-2 pulse height analyzer in rate-meter mode. Data were
read directly from the analyzer as counts per minute.

Both filtered and unfiltered ground water samples were collected from the ten existing
monitoring wells immediately surrounding Shelter 204. These 20 samples underwent gross alpha
and gross beta analyses. Duplicates of the eight samples showing the highest activity underwent
plutonium analysis by alpha spectroscopy. Two of the wells showing the highest levels of gross
alpha activity were resampled in January 1992. Both filtered and unfiltered samples were
collected. In addition, four ground water samples were collected for chemical analysis
[Environmental Protection Agency (EPA) Target Compound List (TCL) and Target Analyte Lists
(TAL) parameters]. Appropriate quality control samples (duplicates, equipment blanks) were
also obtained and analyzed.

Thirty surface water samples were collected. Most of these were obtained as rainwater runoff,
and were taken: (1) from the concrete apron just south of Shelter 204; (2) along the asphalt-
lined ditch; (3) along the unlined portion of the ditch on either side of Highway 539; (4) along
the drainage to the northwest of Shelter 204; and (5) from a drain culvert outside the perimeter
fence, east of Shelter 204. Surface water was also collected from standing water in the forest
near the headwaters of the Elisha Branch near the southeast corner of the site. Both filtered and
unfiltered samples were obtained from the runoff and Elisha Branch samples. These samples
underwent gross alpha and gross beta analyses. Two unfiltered water samples were collected,
one each from the power and communication bunkers in front of Shelter 204. These two
samples underwent plutonium analysis by alpha spectroscopy.

Concrete and/or asphalt coreholes were drilled at 18 locations along the concrete apron south
of Shelter 204 and at three locations inside Shelter 204. The thickest concrete drilled was
approximately 18 inches, inside Shelter 204. Concrete and asphalt cores were scanned onsite
using the HPG detector.

Shallow soil samples were collected through the concrete cores at three discrete depths; 0-6, 6-
12, and 12-18 inches below ground surface (bgs) using a slide-hammer coring device. Soil
samples for chemical analysis were collected from three of the concrete coring sites and two
background locations. Soil samples for plutonium analysis by alpha spectroscopy were collected
from all of the concrete coring sites.

Six depth profile sampling stations were established for soil collection. At five of the six
stations, soil samples were collected at the following intervals: 0-1, 1-2, 2-3, 3-6, and 6-12
inches bgs. At a sixth sampling station, the first sampling interval was from 0-6 inches bgs.
This interval was composited since it was suspected to be primarily fill material. The remaining
sampling intervals at station six were: 6-7, 7-8, 8-9, 9-12, and 12-18 inches bgs. Each of the
samples collected for the depth profiles were sieved into two size fractions: greater than 20




microns and less than 20 microns. Each size fraction was then analyzed for plutonium by alpha
spectroscopy.

Sediment samples were collected from the floor of the communications bunker located just south
of shelter 204. The maximum thickness of sediment found in this bunker was approximately
eight inches. Six samples were screened using the HPG and FIDLER detectors, and one sample
underwent plutonium analysis by alpha spectroscopy.

A total of 619 wipe samples were collected from accessible surfaces inside and outside each of
21 missile shelters. The majority of the shelters sampled were in the vicinity of Shelter 204.
Shelter 210 was established as a sampling model, with 44 sample locations defined and sampled.
The surfaces sampled included the shelter floor, light fixtures, support beams, and the missile
launcher. The outside surfaces sampled included structural beams and the "seams” where the
two halves of the shelter roof met. With the exception of Shelter 204, 25 samples were
collected from each of the other shelters. Shelter 204 was more thoroughly sampled, with 100
wipe samples collected from surfaces inside and outside of the structure. Most samples were
analyzed onsite for alpha activity, but ten samples and one ambient condition blank underwent
laboratory alpha spectroscopy analysis.

Ambient air samples were collected from three sampling stations, each equipped with a high-
volume air sampler positioned in a triangular pattern around Shelter 204. Air samples were
collected both before and during field operations to screen for suspended radioactive particles.
Those samples collected prior to field operations underwent gross alpha and gross beta analyses.
The samples collected during field operations were scanned onsite. One blank and one duplicate
were also analyzed.

Three in-situ surveys were performed on the BOMARC Missile Site. The first was conducted
using an HPG detector and involved an intensive in-situ survey of low-level gamma radiation
(specifically Am-241). These measurements were collected in a grid pattern surrounding Shelter
204 and extending to the southwest following the main drainage along areas of known historical
contamination. The second survey was conducted using a FIDLER along the concrete and
asphalt south of Shelter 204 to identify areas showing relatively high levels of low-energy
gamma radiation. A total of 330 points were sampled, and the information derived was used
to select soil sampling locations. The third survey was also conducted using a FIDLER; 147
readings were taken both on and off site in ¢ der to investigate depositional patterns predicted
by a surface deposition modeling effort. The modeling effort was used to predict depositional
patterns for radionuclides potentially dispersed in the smoke plume from the missile fire. Areas
of predicted deposition were surveyed in order to ensure that all potentially contaminated areas
were surveyed. Areas surveyed were also sampled; laboratory analysis of soil samples was used
to confirm field survey data.




IV. Significance of Findings

No concentrations of radionuclides attributable to the missile accident were detected in ground
water, surface water, or air at the site. Contaminants attributable to the missile accident (Pu-
239, Am-241) were detected in shallow soils, sediments, and structural materials including the
concrete/asphalt apron, Shelter 204, and the underground utility bunkers adjacent to Shelter 204.
Distribution of contaminants was found to be consistent with that observed in previous studies,
indicating little active transport of contaminants. The current distribution of contaminants is
primarily the result of dispersion caused by the 1960 accident and subsequent fire-fighting efforts
rather than active environmental transport of contaminants.

The general distribution of contaminants is shown on Figure ES-4, which is a map of in-situ
radiological survey results obtained using the HPG detector. This map shows the areal extent
of contamination. The vertical extent of soil contamination was determined using depth-discreet
borehole soil sampling. Sample analysis indicated that for most of the site, radionuclides were
confined to the top foot of the soil column. In a few areas, most notably the area just west of
Shelter 204 and the area just west of the concrete apron, radionuclides were detected as deep as
ten feet below the ground surface.

A baseline risk assessment (Baseline Radiological Hazard Assessment) was conducted in order
to quantify risks to human health and the environment posed by the site. Risks were estimated
for both offsite populations and for a hypothetical maximally exposed individual (MEI) residing
onsite. Risks to offsite populations were determined to be insignificant. Risks to the
hypothetical MEI were greater than those for offsite populations. Carcinogenic risks to the
hypothetical MEI were estimated at 1.3 X 10 or 1.3 excess cancers per thousand persons.

The MEI exposure scenario used in the baseline risk assessment is a worst-case scenario that is
considered extremely unlikely. This scenario is based on the conservative assumptions that the
Air Force would drop access controls currently in place, that engineered containment structures
currently in place (concrete and asphalt coverings) would be neglected and would provide no
containment, and that the hypothetical MEI would establish residence in the most highly
contaminated portions of the site. The MEI scenario was used to obtain the upper bound
estimate of risk, and is not considered a likely or reasonable exposure scenario. Using the upper
bound estimates obtained, risks to human health are raised above levels considered acceptable.

Based on these risk estimates, site remediation or control is warranted. Site remediation would
be appropriate if the site were to be released for unrestricted access to the public. Site control,
including institutional and access controls, would also be effective at reducing risks by
eliminating the only exposure scenario (MEI) that presents unacceptable risk.

A Feasibility Study (FS) was conducted in order to develop and evaluate potential remedial
alternatives for the site. The FS was conducted in a three-phase sequential process, in
accordance with Version 2.0 of the Air Force Occupational Environmental Health Laboratory
(OEHL) Handbook ("Handbook"). Guidance presented in the Handbook is designed to be in
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conformance with the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA or "Superfund” law), the Superfund Amendments and Reauthorization Act (SARA),
and the National Contingency Plan (NCP).

The FS was conducted using a three-phase approach, as outlined in the Handbook. In Phase I
of the FS, the FS process and structure are introduced. Remedial objectives are identified,
including health- and regulatory-based quantitative cleanup criteria as well as other chemical-,
action-, and location-specific requirements. Volumes and types of contaminated materials are
given, and general response actions selected to comply with NCP requirements are discussed.

Also in Phase I of the FS, an array of remedial technologies potentially applicable to the
BOMARC site are identified and described. These technologies are then screened to eliminate
those that are clearly infeasible due to waste characteristics, site conditions, or technical
requirements. Technologies remaining after this preliminary screening are then assembled into
alternatives for addressing contaminants onsite.

Six remedial alternatives are developed, including the following:

L An Unrestricted Access alternative that serves as the functional "no action"
alternative in accordance with the NCP and provides a basis against which other
approaches may be compared/contrasted;

o An Existing Conditions alternative that minimizes or eliminates onsite exposures
using existing access and institutional controls;

o A Limited Action alternative that minimizes or eliminates onsite exposures using
existing access controls, institutional controls, and removal and offsite disposal
of a limited amount of the most highly contaminated wastes onsite;

o An Onsite Containment alternative designed to reduce or eliminate waste
accessibility and migration of site contaminants through wind dispersion, erosion,
and runoff;

] An Onsite Treatment alternative that employs a waste volume reduction strategy

followed by secure offsite disposal of the plutonium/americium fraction; and

] An Offsite Disposal alternative that involves source removal and placement in an
approved offsite disposal facility.

These alternatives represent a broad range of waste management options for the BOMARC
Missile Site and incorporate unrestricted access, existing conditions, limited action, containment,
treatment, and disposal strategies for existing radioactive sources at the facility.

In Phase II of the FS, the six alternatives are screened according to three criteria:

] Public health/environmental impacts;
o Technical feasibility; and

ES-12




° Cost.

Alternatives that are not protective of public health and the environment, are not technically
feasible, or have costs greatly exceeding those of equally effective alternatives are eliminated
from further consideration.

As a result of Phase IT screening, the onsite containment alternative is eliminated from
consideration due to lack of technical feasibility. Existing Federal and State of New Jersey
institutional requirements effectively prohibit this particular alternative. The other five
alternatives are carried forward for detailed analysis in the FS Phase III.

In Phase III of the FS, the five remedial alternatives carried forward from Phase II are evaluated
in detail. Detailed analysis includes evaluation of technical feasibility, environmental effects,
public health effects, institutional requirements, cost, and state/public acceptance. Alternatives
are evaluated individually and in contrast with each other.

Figure ES-5 gives a summary of the comparative analysis of alternatives. In the technical
analysis of altemnatives, performance, reliability, implementability, and safety are evaluated. For
the technical analysis criteria, the Onsite Treatment and Offsite Disposal alternatives are rated
most favorably, followed closely by the Limited Action and Existing Conditions alternatives; the
Unrestricted Access alternative is rated least favorably. Onsite Treatment and Offsite Disposal
both achieve health-based and regulatory-based cleanup goals. Onsite Treatment fulfills the
statutory preference stated in SARA for reduction in waste mobility, toxicity, or volume through
treatment, whereas the Offsite Disposal alternative does not. However, this is balanced by the
fact that Offsite Disposal is more reliable and easier to implement than the proposed Onsite
Treatment process. Both alternatives would allow the site to be released for unrestricted access,
which is an advantage over the Existing Conditions and Limited Action Altematives, which
require access restrictions in perpetuity. Although neither the Existing Conditions alternative
nor the Limited Action alternative achieve health-based or regulatory-based cleanup goals, these
goals apply to the site only if unrestricted access is allowed, and are therefore inapplicable under
these alternatives. Both alternatives effectively mitigate site risks through access controls, which
eliminate the only exposure scenario exhibiting significant risk (onsite exposure). The Limited
Action alternative has a slight advantage over the Existing Conditions alternative in that it
eliminates uncertainties associated with the potentially contaminated missile launcher from
Shelter 204. The Unrestricted Access alternative does not achieve cleanup goals or reduce risk
by any other means.

In the environmental analysis of alternatives, the beneficial and adverse effects of alternatives
on the environment and human health are evaluated, and the ability of alternatives to address
contaminant migration pathways is taken into account. The Onsite Treatment and Offsite
Disposal alternatives are rated most favorably, followed by Limited Action and Existing
Conditions; the Unrestricted Access alternative is rated least favorably. Onsite Treatment and
Offsite Disposal both eliminate migration potential and benefit human health and the environment
by removing contaminants from the site. Both alternatives have the potential for adverse effects
associated with disturbance and possibly dispersion of wastes from the site, however, potential
adverse effects can be mitigated through proper engineering controls and are outweighed by the
benefits of permanent source removal. Neither the Existing Conditions nor the Limited Action
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Figure ES-5
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alternatives act on mig-ation pathways, however, RI results show that offsite migration of
contaminants is minimal so this is not a major concern. Both alternatives protect human health
through access restrictions, effectively preventing onsite exposure. The Unrestricted Access
alternative does not protect human health and the environment or address contaminant migration.

In the Public Health analysis, alternatives are assessed in terms of effectiveness in mitigating
long-term public exposure to contaminants. The Onsite Treatment and Offsite Disposal
alternatives are rated most favorably, followed closely by the Existing Conditions and Limited
Action alternatives; the Unrestricted Access alternative is rated least favorably. Both the Onsite
Treatment and Offsite Disposal alternatives eliminate exposure to contaminants through source
removal. The Existing Conditions and Limited Action alternatives prevent exposure in a slightly
less effective manner, i.e., through access controls. The Unrestricted Access alternative does
not prevent exposure through any means.

The institutional analysis evaluates the effects of federal, state, and local standards and other
requirements on the feasibility of an alternative. The Existing Conditions and Onsite Treatment
alternatives are rated most favorably, followed by Offsite Disposal and Limited Action.
Unrestricted Access is rated least favorably.

For radioactive waste remediation, there are a number of criteria to consider in terms of
institutional issues. The ability of an alternative to achieve health-based and risk-based cleanup
criteria must be considered, as well as the ability of an alternative to satisfy statutory preferences
stated in CERCLA/SARA. In addition, laws and regulations governing radioactive waste
disposal, specifically the types of wastes and geographic origin of wastes that can be accepted
by a given waste site must be considered. Currently, no radioactive waste disposal sites can
accept wastes containing plutonium if the wastes exceed 100 nanoCuries/gram (nCi/g) in
radioactivity. In addition, when the Low-Level Radioactive Waste Amendments Policy Act of
1980 takes effect in January 1993, radioactive wastes from New Jersey may be barred from
available commercial disposal facilities, limiting disposal options to U.S. Department of Energy
(DOE) disposal sites, including the Nevada Test Site. All alternatives that include offsite
disposal of wastes as a component (Limited Action, Onsite Treatment, Offsite Disposal) have
the potential to be negatively impacted by the institutional issues discussed above, which is a
disadvantage in comparison to the Existing Conditions and Unrestricted Access alternatives,
which do not involve offsite disposal.

In terms of the ability of alternatives to achieve health-based and regulatory-based cleanup goals
and satisfy statutory preferences stated in CERCLA/SARA, the Onsite Treatment alternative
does both, while the Gffsite Disposal alternative achieves the cleanup criteria but does not satisfy
the preference under CERCLA/SARA for remedies that reduce the mobility, toxicity, or volume
of wastes. The Existing Conditions and Limited Action alternatives do not achieve cleanup
criteria, but the criteria do not apply for sites with access restrictions and both alternatives
effectively mitigate risks through access controls. The Unrestricted Access alternative does not
achieve cleanup goals or mitigate risks through any other means.

Cost analysis compares overall estimated costs for each alternative. The Unrestricted Access
alternative has no costs, and is therefore most favorable, followed closely by the Existing
Conditions and Limited Action alternatives. For the Onsite Treatment and Offsite Disposal
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alternatives, the difference in cost between disposal at a commercial facility (Hanford,
Washington) and the U.S. DOE Nevada Test Site is substantial. Onsite Treatment and Offsite
Disposal using the Nevada Test Site are most favorable, followed by Onsite Treatment with
disposal at the Hanford, Washington site; Offsite Disposal at the Hanford, Washington site is
least favorable.

State and public acceptance is not actually addressed within this RI/FS report, but will be
addressed within the Responsiveness Summary contained in the Record of Decision (ROD) for
the site. The ROD will be completed after the Final RI/FS report is issued. The ROD serves
as a decision document for selection of a remedial alternative, and gives the rationale for
alternative selection.

All of the five remedial alternatives evaluated in detail in the FS Phase IIl are also further
evaluated for environmental impacts in an Environmental Impact Statement (EIS), which is a
companion document to this RI/FS. In the companion EIS, the Bxisting Conditions alternative
is referred to as the National Environmental Policy Act (NEPA) No Action Alternative. This
is because as defined by NEPA, No Action consists of maintaining existing conditions.
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NOTICE

This report has been prepared for the United States Air Force by The Earth Technology
Corporation for the purpose of aiding in the implementation of a final remedial action plan under
the Air Force Installation Restoration Program (IRP). As the report relates to actual or possible
releases of potentially hazardous substances, its release prior to an Air Force final decision on
remedial action may be in the public’s interest. The limited objectives of this report and the
ongoing nature of the IRP, along with the evolving knowledge of site conditions and chemical
effects on the environment and health, must be considered when evaluating this report, since
subsequent facts may become known which may make this report premature or inaccurate.
Acceptance of this report in performance of the contract under which it is prepared does not
mean that the United States Air Force adopts the conclusions, recommendations or other views
expressed herein, which are those of the contractor only and do not necessarily reflect the
official position of the United States Air Force.




PREFACE

This Remedial Investigation/Feasibility Study was completed in accordance with the Department
of Defense Installation Restoration Program. The objectives of this study were to determine the
magnitude and extent of radioactive contamination at the BOMARC Missile Site, McGuire Air
Force Base, New Jersey, to quantify risks to human health and the environment, and to use this
information in conducting a Feasibility Study of remedial alternatives.

This project was performed under United States Air Force Human Systems Division Contract
Number F33615-85-D-4533/0010. The project was authorized in January of 1989. The field
program, which consisted of sampling and field testing of air, ground water, surface water, soil,
and structural materials, was largely completed during the time period June 1989 through
November 1989. Documentation of the field work, analysis and interpretation of the data, and
evaluation of remedial alternatives were completed in July, 1991. Major John M. Clegg, IJr.,
P.E., U.S. Air Force Center for Environmental Excellence, was the Technical Monitor.

Phillip Watts, R.G., was The Earth Technology Corporation’s Project Manager for this project.
Other Earth Technology scientists and engineers included Franco Godoy, Melvin Tyree, Janet
Robinson, D. Jay Wilburn, Sarah Hokanson, David Naleid, Lisa Goldberg, Richard Bizub,
Edward Sciulli, Kerry Hennon, and John Lassiter. Science Applications International
Corporation (SAIC) was a major subcontractor for this project, providing field sampling,
radioanalytical, and risk assessment services. Key SAIC personnel included Dr. Robert
Kennedy, Neil Botts, Donna Collins, Dr. Mark Otis, Michael McKenzie-Carter, Gregory
DiGregorio, Mark Byrnes, Catherine Olsen, Scott Hay, and Dr. Reginald Gotchy.

Special thanks to Dana Bowers, Pamela Anderson, and Jill Langston of The Earth Technology
Corporation, who did the word processing and graphics for this document.
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Robert A. Colonna, P.E.
Senior Vice President, Program Director
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1.0 INTRODUCTION

The Earth Technology Corporation and Science Applications International Corporation have
prepared this Remedial Investigation/Feasibility Study (RI/FS) Report in conjunction with the
Air Force Installation Restoration Program (IRP) of environmental study and remediation. This
report summarizes the results of studies on the Boeing Michigan Aeronautical Research Center
(BOMARC) Missile Site at McGuire Air Force Base (AFB), New Jersey (Figure 1-1) under the
Installation Restoration Program and incorporates data from other studies as appropriate. This
report presents and summarizes data on the extent of radioactive contamination at the site,
quantifies risks to potentially exposed populations, and evaluates appropriate remedial
alternatives.

1.1  Purpose of the Installation Restoration Program

The Air Force IRP is designed to identify, confirm/quantify, and remediate problems caused by
past management of hazardous wastes at Air Force facilities. It is the basis for assessment and
response actions on Air Force installations under the provisions of Comprehensive
Environmental Response, Compensation and Liability Act of 1980 (CERCLA).

1.1.1 Pregram Origins

The Defense Environmental Restoration Program (DERP) was established in 1984 to promote
and coordinate efforts for the evaluation and cleanup of contamination at Department of Defense
(DoD) installations. The program currently consists of two major elements-

. The IRP, where potential contamination at DoD installations and formerly used
properties is investigated and, as necessary, site cleanups are conducted.

. Other Hazardous Waste (OHW) Operations, through which research,
development, and demonstration programs aimed at reducing DoD hazardous
waste generation rates are conducted.

DERP is managed centrally by the Office of the Secretary of Defense. Policy direction and
oversight of DERP is the responsibility of the Deputy Assistance Secretary of Defense
(Environment). Each military service and the Defense Logistics Agency (DLA) are responsible
for program implementation at their installations.

The Superfund Amendments and Reauthorization Act of 1986 (SARA) provide continuing
authority for the Secretary of Defense to carry out this program in consultation with the U.S.
Environmental Protection  Agency (EPA).  Executive Order 12580 on Superfund
Implementation, signed by the President on January 23, 1987, assigned responsibility to the
Secretary of Defense for carrying out the Department’s Environmental Restoration Program
within the overall framework of SARA and the CERCLA. The Defense Appropriations Act
provides funding for DERP.
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1.1.2 Program Objectives

The objectives of the Air Force IRP are to assess past hazardous waste disposal and spill sites
on Air Force installations, and to develop remedial actions consistent with the National
Contingency Plan (NCP) for those sites which pose a threat to human health and welfare, or to
the environment.

In order to meet this overall objective, specific program objectives must be met:

1. A reliable database must be developed through good field practice and rigorous
analytical procedures.

2. A Quality Assurance/Quality Control (QA/QC) program must be developed and
implemented to assure the production of meaningful and defensible data.

3. A site Health and Safety plan must be developed and followed to protect
personnel and to prevent the release of, or exposure to, any contaminants.

4. A rigorous procedure must be utilized to characterize wastes and waste sources,
evaluate potential pathways for contaminant migration, and identify human and
environmental targets in order to compare remedial alternatives and select an
appropriate remedy.

5. Data gaps must be identified, and appropriate additional or supplemental studies
must be recommended and executed during the course of performing the program.
This includes additional field and/or analytical data collection as well as the
evaluation of candidate technologies.

6. The program must be conducted in compliance with appropriate Federal, State,
and local regulations and available guidance.

7. The public and regulatory agencies must be informed regarding the nature of the
contamination, the effects upon the community, the progress of the program, and
the preferred remedial alternative and its impacts.

1.1.3 Program Organization

The IRP conforms to the requirements of the National Oil and Hazardous Substances Pollution
Contingency Plan. EPA guidelines are applied in conducting investigation and remediation work
in the program. The initial stage, a Preliminary Assessment or PA, is an installation-wide study
to determine if sites are present that may pose hazards to public health or the environment.
Available information is collected on the source, nature, extent, and magnitude of actual and
potential hazardous substance releases at sites on the installation. The next step, a Site
Inspection (SI), consists of sampling and analysis to determine the existence of actual site
contamination. The information gathered is used to evaluate the site and determine the response
action needed. Uncontaminated sites do not proceed to later stages of the IRP process.
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Contaminated sites are fully investigated in the Remedial Investigation/Feasibility Study or
RI/FS. The RI may include a variety of site investigative, sampling, and analytical activities
to determine the nature, extent, and significance of contamination. The focus of the evaluation
is to determine the risk to the general population posed by the contamination. Concurrent with
these investigations, the FS is conducted to evaluate remedial action alternatives for the site.

The RI/FS is intended to systematically:

1.

2.

5.

Identify and prioritize contamination sources with respect to hazards,

Determine the nature and extent of contamination, or conclude that no significant
adverse impact exists,

Determine the pathways and risks of the identified contamination to various
human and environmental receptors,

Plan and conduct 