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SUMMARY: The Department of Energy (DOE) has prepared an Environmental Assessment (EA)
DOE-EA-1267, for the proposed "8 GeV Fixed Target Facility at the Fermilab Booster and for the
Booster Neutrino Detectors." The 8 GeV Fixed Target Facility would utilize the high intensity, low
energy (8 GeV) proton beam of the Fermilab Booster to produce various subatomic particles for
High Energy Physics experiments. The first experiment that would be done is the Booster Neutrino
Experiment (BooNE).

The study of neutrinos, a type of subatomic particle, has been the subject of major experiments at
Fermilab for approximately 25 years. Neutrinos produced using the Fermilab Booster accelerator
would be studied by BooNE to determine whether they change families or oscillate. This
experiment would attempt to confirm the signal seen at the Los Alamos National Laboratory, using
a Liquid Scintillator Neutrino Detector (LSND).

As stated in the section entitled Determination, the preparation of an Environmental Impact

Statement is not required for this proposed action.

DESCRIPTION OF THE PROPOSED ACTION:

This proposed action provides for construction, operation, and eventual decommissioning of
underground enclosures and an aboveground service building and earth berms that would be used
for high-intensity fixed target experiments. The 8 GeV Fixed Target Area involves proton beam
transport from the Booster to a target station and subsequent secondary beam focusing elements,

similar to already existing external beamlines at Fermilab. This new facility would service



experiments that require higher intensities and lower beam energies than experiments carried out at
Fermilab in the past. A land area of roughly 1.0-hectare (2.5-acre) would be affected by this

construction.

The associated detector would be located approximately 450 meters north of the 8 GeV Fixed
Target Area and would consist of a 12 meter diameter tank filled with 775 tons (238,000 gallons) of
mineral oil. This spherical tank would be installed inside of a cylindrical, underground concrete
enclosure/vault and would be covered with an earth berm to shield the detector from cosmic rays.
The top of the detector (inside the enclosure) will be nearly at grade level. A surface area of
approximately 30 meters by 60 meters, or 0.2 hectare (0.5 acre) would be affected by construction
activity for the detector. If results of experiments carried out with the first detector are positive, a

second detector would be built at Fermilab and would run concurrently with the first detector.

ALTERNATIVES AND THEIR IMPACTS:
Four alternatives were considered: (1) construction at an alternative site within the U.S.; (2)
construction within the existing Fixed Target Areas at Fermilab; (3) construction in other parts of

Fermilab; and (4) no action.

Construction at other DOE facilities would potentially entail greater negative environmental
impact. It could also impact the U.S. High Energy Physics program, since other experiments might
have to be deferred -- BooNE could be carried out at Fermilab with no impact on the existing
program. Construction of a completely new facility would involve duplication of the capabilities of
the Fermilab Booster, and thereby the commensurate environmental impact due to the larger
construction effort required. Construction within the existing Fixed Target Areas at Fermilab is not
preferred because it would involve considerable modification of this existing area, and would lead
to difficult operational and construction issues. There would be no environmental advantage to this
alternative. Construction in other parts of Fermilab would result in greater impact to the
environment or surrounding communities. The no-action alternative would result in no additional
environmental impact at Fermilab, but would also represent a missed opportunity for U.S. scientists

to study the properties of neutrino oscillations and to confirm or refute the LSND effect.



ENVIRONMENTAL IMPACTS:

Construction:

The safety of workers would be assured by following standard industrial construction practices and
by assuring compliance with Federal and State regulations. Much of the soils removed for
construction of buried enclosures and for the detector would be placed back over these structures to
act as shielding. Soils that are not reused in the construction would be stockpiled on site for future
use at the Laboratory. Construction traffic would be small in scale compared to recent projects at
Fermilab. Wastes generated, as a result of construction activities would be minimal, and would be
disposed of in accordance with applicable Federal and State regulations. A wetland assessment is
documented in the EA. It analyzed the temporary impacts to less than 0.3 of an acre of
jurisdictional wetlands from a transitory diversion of a branch of Indian Creek during construction.
The assessment concluded that there would be no permanent impacts in jurisdictional wetlands.

There would also be no impact on Federal or State threatened or endangered species.

The hazard of worker exposure to radiation during construction is eliminated by assuring that beam
is not running, or by providing adequate shielding. Nevertheless, some exposure could result from
excavation near beam enclosures where workers might encounter activated soil. The laboratory
monitors construction in these areas to assure that workers do not receive unnecessary exposure to
this residual radiation. Access to construction areas is restricted to construction workers and a few

authorized employees.

The spherical detector tank would be installed inside of a cylindrical, underground concrete
enclosure. Provision would be made to assure prevention and control of mineral oil spillage during
transport from the railhead to the site and while filling the detector tank. These provisions would

limit the hazard to the environment that might occur from spillage or leakage of mineral oil.

Operation:

Potential radiation exposures to workers and experimental personnel due to operation of the 8 GeV
Fixed Target Facility have been assessed in the EA to be below the limits established by applicable
Federal and State regulations and are as low as reasonably achievable. Prompt radiation, present

only when the beam is on, results from beam interaction with materials such as the target,



absorbers, etc. The shielding surrounding the beamline is designed precisely to assure that the
annual dose to occupational workers from prompt radiation would be low compared to regulatory
limits and standards. When working inside of the enclosures, a small number of personnel would
be exposed to low levels of residual radiation due to operation and maintenance of the target
station, which would unavoidably have become activated from interactions of the proton beam.
Fermilab procedures assure monitoring and control of worker exposures to assure that the annual
radiation doses to the small number of workers receiving the largest exposures would be no more
than 1000 mrem compared with the regulatory limit of 5000 mrem. For comparison, the average
dose to an individual from natural sources is over 300 mrem per year. Worker radiation exposures

would be comparable to those currently experienced by personnel at Fermilab.

Estimates of airborne radionuclide emissions from operation of the 8 GeV Fixed Target Facility
would be low and allow Fermilab to remain within its current NESHAPs operating permit for the
site. Fermilab has retired several older fixed target facilities, and which will offset the contribution
to airborne activity resulting from operation of this new source. The calculated emissions of 0.007
mrem dose at Fermilab site boundary per year for this proposed facility are well below the
regulatory standard of 10 mrem, based on the EPA standard for DOE facilities.

The radiation exposure to visitors and members of the public due to prompt radiation from
operation of the 8 GeV Fixed Target Facility has been assessed and radiation doses would be too
low to measure. Visitors and members of the public are not allowed in areas that might have

residual radiation. No health effects to the public are anticipated.

Shielding of the components of the 8 GeV Fixed Target Facility also would be designed to assure
those concentrations of radionuclides in groundwater resources would be less than those specified
in applicable regulatory limits. The generation of chemical and low-level radioactive wastes has
been assessed in the EA and found to be comparable to that currently experienced in operations at
Fermilab. These wastes would be disposed of in accordance with existing regulatory requirements.
The operation of the 8 GeV Fixed Target Facility and the associated detector(s) represent no
significant increase in laboratory usage of public utilities, and would not impair their ability to

supply other users.



The detector tank would be designed to limit the probability of an oil leak to a negligible level. The
tank, filled with mineral oil, would be monitored for oil content to detect leaks. In the unlikely
event that a leak would occur, the fluid would remain within the secondary containment of the

concrete vault surrounding the detector and the situation would be addressed expeditiously.

Decommissioning:

Most of the equipment and materials involved in the proposed action would be used in other current
or new experiments either at Fermilab or similar facilities. It is expected that decommissioning

would create minimal amounts of disposable material.

Cumulative and Long-Term Impacts:

Significant cumulative or long-term environmental effects would not result from the proposed
action. Construction of the 8 GeV Fixed Target Facility and the associated detector(s) would
constitute a relatively small construction effort at Fermilab. Since one large construction project,
the Main Injector, is now nearing completion, the potential for cumulative impacts or long-term

detriment to the environment from construction activities is reduced.

DETERMINATION:

Based on the analysis in the EA, the DOE has determined that the proposed construction does not
constitute a major Federal action significantly affecting the quality of the human environment
within the meaning of the National Environmental Policy Act of 1969. Therefore the preparation

of an Environmental Impact Statement on the proposed action is not required.



PUBLIC AVAILABILITY: Copies of this EA (DOE/EA-1267) are available from:

Robert C. Wunderlich, Acting Manager
Fermi Group

U.S. Department of Energy

P.O. Box 2000

Batavia, IL 60510

630-840-3281

For further information regarding the DOE NEPA process, contact:

Dr. W. S. White

NEPA Compliance Officer

Chicago U.S. Department of Energy
9800 South Cass Avenue

Argonne. IL 60439

630-252-2101

Issued in Argonne, Illinois, this Iqij’day of April, 1999.

pert L. San Martin, ager
Chicago Operations Office
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1 PURPOSE AND NEED

1.1 Introduction

The U.S. Department of Energy (DOE) proposes to build a high intensity,
8 GeV Fixed-Target Facility and associated detectors at the Fermi National
Accelerator Laboratory (Fermilab). Fermilab is a federal high-energy physics
research laboratory in Batavia, Illinois operated on behalf of the DOE by Uni-
versities Research Association, Inc., a consortium of 87 research universities.

Fermilab is located 38 miles (61 kilometers ) west of downtown Chicago,
linois. Its 6800 acres (2750 hectares) straddle the boundary between east-
ern Kane and western DuPage counties in an area of mixed residential, com-
mercial, and agricultural land use. Immediately to the east is the town of
Warrenville (11,220 population), to the west is Batavia (17,076 population),
to the north is West Chicago (14,796 population), and to the south is Au-
rora (99,581 population). Fig. 1 shows the location of Fermilab in the greater
Chicago area. Fermilab has approximately 1900 employees, and 1400 exper-
imenters from all over the world working at the Laboratory. On an annual
basis, the Laboratory typically has approximately 50,000 day visitors who
visit Wilson Hall to attend cultural activities, to take self-guided tours, to
participate in activities at Fermilab’s science education center, and to con-
duct business with the Laboratory. The closest residences to the proposed
action are approximately 1.6 km (one mile) from the proposed site.

The 8 GeV Fixed Target Facility and associated detectors (Detector 1
and Detector 2) are shown schematically in Figs. 2, 3. The 8 GeV Fixed
Target Facility will be a general purpose facility built to carry out a variety
of particle physics and accelerator physics experiments. The first experiment
that would be done at this facility will be the Booster Neutrino Experiment
(BooNE) [1], which would use Detector 1. Construction for the 8 GeV Fixed
Target Facility and Detector 1 would be begin in FY00, or as soon as funding
will become available. Detector 2 would be built at a later time, depending
on the result of the measurements carried out with Detector 1.

This Environmental Assessment documents DOE’s evaluation of poten-
tial environmental impacts associated with the construction, operation and
eventual decommissioning of this proposed action, as described in Section 2.
Future uses of the facilities built as a result of this proposed action, not
covered in the scope of this Assessment, would require the administrative
approval of the Director of Fermilab and would undergo an appropriate level
NEPA review.



Figure 1: Map of the Chicago area showing Fermilab and its proximity to

local communities.
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1.2 Background Information

The proposed action would use the existing Fermilab Booster accelerator
to explore an important issue in High Energy Physics, known as neutrino
oscillations. BooNE! collaborators would build a detector to explore this
physics issue.

1.2.1 The Fermilab Booster

The Fermilab Booster (See Fig. 3.) operates as a source of protons for the
High Energy Physics program. It is a 15 Hz rapid cycling machine capable
of delivering nearly 5 x 10'2 protons per cycle at an energy of 8 GeV. ? It has
operated successfully and reliably to support the Fermilab program, since
the early 1970’s.

The current Fermilab program does not use all of the available Booster
cycles — only the cycles extracted for experiments are filled with beam. The
cycles not used by the existing program are available to support new high
energy physics needs such as BooNE.

1.2.2 Neutrino Oscillations

In the Standard Model of elementary particle physics there are three types,
or “families” of particles that do not interact strongly with matter. Collec-
tively, they are called leptons. Each family is composed of a lepton having
electric charge, and an associated neutrino. The three electrically charged
leptons are: electrons, which are one of the building blocks of ordinary mat-
ter; muons, which are a major component of the cosmic rays; and taus, which
so far have been observed only in experiments at high energy physics labora-
tories. The associated neutrinos are called electron neutrino, muon neutrino,
and tau neutrino. To date, the electron neutrino and the muon neutrino have
been observed in connection with electrons and muons, respectively. The tau
neutrino has yet to be directly observed. Neutrinos have not been observed
to change from one family to another. Such “oscillations” would imply that
neutrinos, originally assumed to be without mass, have mass. There are com-
pelling hints from both theoretical studies and experimental data that such

'Physicists from five or more American universities and three National Laboratories
will collaborate to make the measurements associated with the experiment.

2To take advantage of the full machine capability, an upgrade to some of the magnets
and power supplies is required. The BooNE proposal[l] includes an estimate of §728K for
this upgrade.
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family-changing, or oscillations, could be an explanation for several scientific
puzzles. In particular, an observation of neutrino oscillations was made by
the Liquid Scintillator Neutrino Detector (LSND) collaboration [2] carried
out at the Los Alamos National Laboratory (LANL).

1.3 The Purpose and Need of the Proposed Action

The purpose of the 8 GeV Fixed Target Facility would be to utilize the high
intensity, low energy proton beam to produce various subatomic particles
for High Energy Physics experiments. The first experiment that would be
done would be the Booster Neutrino Experiment (BooNE). The goal of the
experiment would be to make a definitive measurement of the LSND neutrino
oscillation signal.

2 PROPOSED ACTION and ALTERNATIVES

This proposed action provides for the construction, operation and eventual
decommissioning of underground enclosures and an above ground service
building that would be used for high-intensity, 8 GeV fixed target experi-
ments, and the construction of associated detectors for BooNE.

2.1 Description of the Preferred Alternative
2.1.1 The 8 GeV Fixed Target Facility

The scope of the proposed 8 GeV Fixed Target Facility includes the following
elements: (See Fig. 4.)

e Civil engineering design, construction, and installation of a buried
beampipe, several underground enclosures, and an above ground ser-
vice building.

e Technical design, fabrication and installation of the beamline compo-
nents necessary for transporting a primary beam and producing a sec-
ondary beam.

The area between the Target Hall and the associated detectors would have
only construction for a shallow buried PVC pipe that would be directed
around any wetland area.

The proposed action would create a switch in the Main Injector Tunnel to
deflect the primary beam outward. The construction would begin at the point
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where the beam exits the Main Injector Tunnel. There the beam would enter
an evacuated buried beam pipe. The buried pipe would extend for about 40
meters (130 feet) and travel underneath the MI-10 Service Building. The
pipe would be installed by using directional drilling techniques under the
MI-10 Service Building.

Beyond the buried pipe there would be a Beamline Enclosure, having an
arc about 200 meters (660 feet) long. It would cross under the Main Injector
Road and under the East Branch of Indian Creek. The Beamline Enclosure
would contain a series of magnets to bend the beam away from the Main
Injector Tunnel by approximately 95 degrees. A straight section would be
included in the arc to allow for future switching of adjacent primary beams
on either side of the central beamline that could be used for BooNE. Low
conductivity water (LCW) would be used as the primary cooling medium for
the magnets in the Beamline Enclosure, by the Target in the Target Hall,
and by the beam absorber in the Decay Pipe. LCW would be made available
via existing equipment at MI-10. The cooling system for the magnets in
this enclosure would contain about 3000 liters (780 gallons) of LCW. Power
supplies for the magnets would be housed at MI-10 and powered by a new
750 KVA transformer that would replace an existing 500 KVA transformer.
Permanently disturbed land would amount to approximately one hectare (2.5
acres), including roads, hardstands, and parking lots. The power required
by the 8 GeV Fixed Target Facility, needed mainly to power the magnets in
the Beamline Enclosure, would be 1.5 Mw.

In Fig. 4 are shown also the two branches of Indian Creek affected by
the construction area. The West Branch would be permanently diverted to
the west by as many as 18 meters (60 feet) at the northern most point of
construction. The East Branch would be temporarily diverted approximately
6 meters (20 feet) to the north at the point where the creek crosses over the
Beamline Enclosure, and would be allowed to flow at about 90° into the West
Branch. The construction of the Beamline Enclosure would take place in two
phases: The part of the tunnel that lies south of the East Branch of Indian
Creek would be completed first, including the installation of a culvert. The
creek would then be diverted back through the culvert, and the remaining
portion of construction completed.

The northern most end of the Beamline Enclosure would be connected
to the Target Hall. (See Fig. 5.) The Target Hall houses a target and the
interaction of the proton beam with the target would produce secondary
particles, which would be focused by a series of magnetic devices into the
Decay Pipe. Some of the particles would decay into neutrinos over the length
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of the Decay Pipe, of about 50 meters (165 feet). The neutrinos travel to
Detector 1, which would be located 500 meters (1640 feet) downstream from
the target. The Target Hall would also contain a “hot storage” area for
highly radioactive elements that might be produced by interaction with the
beam in the Target Hall.

A steel sided metal frame service building would be located on the surface,
and would be heated and ventilated. It would provide services, such as power
supplies, energy storage (capacitors), computer control and monitoring, and
limited crane coverage for the Target Hall. A 20 ton bridge crane would be
positioned over a shield hatch and would be used for equipment handling and
servicing of the components in the Target Hall.

Further north of the Target Hall would be a Decay Pipe, where the parti-
cles would travel through a set of plastic containers or pipes, about 2.0 meters
(6.5 feet) in diameter. At the end of the pipe 50 meters (164 feet) north of
the target, and at a point 25 meters (82 feet) north of the target, provision
will be made to place a steel absorber to stop all the protons and secondary
particles. The neutrinos created between the target and the absorber would
continue to travel through the earth to Detector 1.

Also included is the construction of a gravel road from Main Injector
Road to the Target Hall, a hardstand at the Target Hall, and a culvert for
Indian Creek. Personnel exits would be located within 15 meters (50 feet) of
the south end of the Beamline Enclosure, a second near the end of the Target
Hall. Communication lines would be installed between MI-10, the Beamline
Enclosure, and the Target Hall, extending through a 2.5 cm (one inch) PVC
pipe to the detectors.

The relative overall size of the structures and the Detectors is given in
Table 1.

The volume of excavation involved would be about 23,000 m?* (30,000
yd®). The areas are entirely within the Fermilab site. Soils excavated in
preparation for construction would be used as fill, or overburden for the
completed construction. Excess soil from excavation is expected to be small,
and would be moved by truck to an existing Fermilab stockpile.

Monitoring sumps would be installed in the vicinity of the Target Hall and
decay pipe to monitor the concentrations of radionuclides in the groundwater.
(See 4.2.3.)

The target and beam absorber for the 8 GeV Fixed Target Area would be
cooled by a circulating closed-loop water system similar to existing Fermilab
target stations. The cooling system volumes are approximately 200 liters (50
gallons). The closed-loop cooling system for the 8 GeV Fixed Target Area
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Table 1: Listing of Structures that would be Constructed as Part of the Pro-
posed Action on the Fermilab Site (along with their Approximate Volumes
and Dimensions)

Structure Approximate Approximate
Dimensions Volume
(meters) (cubic meters)

Beam Pipe from MI Enclosure 0.5 diameter X 40 10

to start of Beamline Enclosure.

Beamline Enclosure to Target 2X 275X 130 700

Hall

Target Service Building 15X10X 8 1200

Target Hall 12X9X7 760

Decay Pipe 2.0 diameter X 47 300

BooNE Detector 1 or Detector 2 | 12 diameter 900

would be similar. A steel shield (Target Station), having a cross section
about 4 meters (12 feet) by 4 meters (12 feet) would surround the target and
collecting elements. The shield would protect the groundwater from radia-
tion when the beam is operating, and would protect personnel from residual
radiation after the beam was turned off. The elements within the steel shield
would have a separate closed loop cooling system, commonly referred to as a
RAW (radioactive water) system. It would contain approximately 200 liters
(50 gallons) of water. The steel absorber would have its own water cooling
system.

2.1.2 The BoolNE Detectors

In order to maximize the event rate 3, the detector must be massive because
neutrinos interact very weakly with matter. The associated detector for
BooNE, shown schematically in Fig. 6, would include civil engineering design
and construction of a 12 meters (40 foot) diameter tank, filled with mineral
oil, and housed in a cylindrical underground enclosure. The enclosure is
covered with an earth berm for shielding from cosmic rays. The tank would
be located at approximately 450 meters North of the 8 GeV Fixed Target

3The event rate is the number of neutrino interactions observed in the detector per
minute. For BooNE, an event or interaction is observed approximately every 10 seconds
of operating time. The experiment would operate for about 2 x 107 seconds per year
vielding about two million events.
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Facility. Permanently disturbed land would amount to approximately 0.2
hectares (0.5 acres), including roads, hardstands, and parking lots.

The top of the detector sphere would be near grade level. It would be
lined with an array of about 1500 phototubes whose signal cables exit at the
top of the sphere. An access tunnel would connect the top of the vessel to
an enclosure within the berm that covers the detector. (See Fig. 7.) The
electronics would be housed in this enclosure. After assembly, the vessel
would be filled with about 775 tons (238,000 gallons) of mineral oil which
may remain stored there for an extended period of five to ten years. Mineral
oil is a petroleum product of slight flammability and low health hazard. A
small amount of Butyl PBD may be added to the oil. (See Appendix A.)

This amount of mineral oil represents about 15 rail tanker cars. If the
mineral oil is shipped from the refinery by rail to the Fermilab railhead via
tanker cars the oil would be transferred from the tanker cars to semi-trailer
trucks. It would take about four truckloads to empty one rail car, making a
total number of truck trips about 60. The process of filling the detector with
mineral oil would be dominated by the time it takes to pump from the rail
car to the truck, and then from the truck to the detector. It is expected that
there would be about two truck trips per day. Transport would be done in
compliance with the Fermilab Environmental Health and Safety Manual [18].
The road leading to the detector would be constructed to carry heavy loads
to accommodate trucks as well as those transporting gravel, concrete, steel,
semi-tankers of mineral oil, mobile cranes, etc. However, the oil may be
shipped directly to the BooNE site by truck. This would require about the
same number of truckloads, but would avoid the need to handle the oil at
the railhead.

The Detector tank would be subject to control measures to assure that
the environment would be protected. The enclosure in which the detector
would reside would be constructed to provide secondary containment in the
event of a spill or a leak. The following precautions would be met.

1. The tank would be made of steel using new materials that are in
accordance with the requirements of API (American Petroleum
Institute) 620. The design of the tank and ports shall be based on
the applicable rules contained in API 620 and NFPA (National
Fire Protection Association) 30.

2. There would be a leak-test of the tank before filling with oil. This
would consist of either a water-fill or gas-overpressure test.
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3. The tank walls will be of substantial thickness for structural rigid-
ity and will not be in contact with groundwater. There is no
chance of corrosion causing a leak in the tank.

4. The level of the oil inside the tank would be monitored constantly
to within a few millimeters allowing quick leak detection.

If the oil is shipped by tanker cars, a detailed spill plan would
be drawn up and approved by the necessary authorities. This
would include spills that might occur in the transport of oil from
the railhead to the tank, and spills associated with filling and
removing oil from tanker cars or the tank. In general, spills would
be avoided, and if they occur, would be remedied immediately.

[oh11

A second nearly identical detector might be built, if results of measure-
ments in the first tank are positive. Based upon best current estimates, the
second detector, Detector 2, would be placed at a distance of 1,000 meters
(3,300 feet) from the target. However, other locations at 250 meters (820
feet) and 2,000 meters (6,600 feet) are also possible.

2.1.3 Construction Schedule: 8 GeV Fixed Target Facility

The construction site for the 8 GeV Fixed Target Facility would be approx-
imately 300 meters (985 feet) long, 20 meters (66 feet) wide at the surface,
and 7 meters (23 feet) deep. The schedule would have a preparation and
mobilization phase which would last approximately two months. During
this time, survey monuments would be established, stockpile areas would be
marked and erosion control would be put in place. None of these activities
would have any effect on the normal operation of the Laboratory.

Clearing the surface area of brush, relocating the creek crossing, and the
underground construction near the accelerator complex would be done in the
next phase with the FMI not operating. This is the only portion of the pro-
posed action that would affect normal Laboratory operation. This would last
approximately three months. Open cut construction would be used through-
out, except near MI-10 where an earth retention system would be installed
to protect the building and adjacent Main Injector Enclosure. The earth
retention system would use steel H beams to form vertical walls just north
and west of the MI-10 service building. (See Fig. 4.) From within the area
formed by the earth retention system, “directional drilling” equipment would
be set up to bore a hole 0.67 meters (24 inches) in diameter by 40 meters (125
feet) long, under the MI-10 service building into the Main Injector Tunnel.
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Figure 6: A computer generated schematic of the proposed detector.
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Figure 7: Cross-sectional view of the BooNE detector. Dimensions are in
centimeters.

The construction of the remainder of the Beamline Enclosure, and the
Target Hall, decay pipe, and Service Building would be the next phase and
could be accomplished after the FMI resumes operation. The approximate
time for this phase would be eleven months. The Beamline Enclosure would
be constructed with inverted “U” shaped precast concrete sections placed
on a cast-in-place concrete base slab. Steel shielding might be required over
the top of the enclosure at the MI-10 hardstand and where it would cross
under the Main Injector Road. (Steel is more effective shielding, because
it has higher density than earth or concrete.) In addition, construction at
the road must accommodate existing power and communication duct banks,
industrial cold water (ICW) piping and pond water piping.

The 8 GeV Fixed target area could be available for operation early in
FYOL.

2.1.4 Construction Schedule: The BoolNE Detector 1

The construction of the BooNE detector would require a depth of approxi-
mately 18 meters (60 feet) and an area of 30 meters (100 feet) by 60 meters
(200 feet). The schedule would also have a preparation and mobilization
phase to prepare survey monuments, stockpile areas, and establish erosion
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control procedures. The detector construction can be done at any time, since
it would not affect normal laboratory operations.

Because the BooNE detector would be located 450 meters (1475 feet) be-
yond the end of the decay pipe, the construction of the spherical containment
vessel would be a separate project, completely independent of construction
of the 8 GeV Fixed Target Facility. Excavation to a depth of about 18
meters (60 feet), construction of the detector enclosure, the installation of
the containment vessel, and backfilling to grade level would take about four
months. During the next three months the surface structures would be com-
pleted. The 1200 phototubes and their cables would be installed over the
next three months, to be followed by testing and commissioning for the next
three months. Filling the vessel with oil would take about one month.

If funding permits and the EA and FONSI are approved, the Detector
would be ready for operation in FY01.

2.1.5 Operation

Operation of the 8 GeV Fixed Target Facility and Detector 1 at Fermilab
would comply with standard Fermilab safety and beam operations procedures
and guidelines [21]. These procedures are based on the principles of ALARA
— achieving conditions that correspond to radiation levels and exposures as
low as reasonably achievable in the implementation of radiation protection. A
Safety Assessment Document including a hazards analysis would be written
and approved before commencement of operations of the beamline.

The beam intensity would be maintained within normal operating levels
approved by the Laboratory Director in accordance with the Fermilab Ra-
diological Control Manual. Normal operation of the primary proton beam
would be approximately 5 trillion (5 x 10'?) protons per pulse, and as many
as 10 pulses per second.? The Beamline Enclosure, Target Hall and beam
absorber would all be adequately shielded to accept off-normal beam con-
ditions in which the entire Booster beam is delivered to the 8 GeV Fixed
Target Facility. Under these conditions, the Booster delivers all of the 15
Hz beam at (5 x 10'2) protons per pulse or 7.5 x 10'* protons per second to
the 8 GeV Fixed Target Facility. The target and beam absorber would be
designed to be able to operate under these conditions for extended periods
of time with no adverse effect.

“The 8 GeV Fixed Target Facility would not use all of the 15 pulses per second available
from the Booster Accelerator. The remaining Booster beam is used to support other parts
of the Fermilab physics program.
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Water in the zone immediately outside the Target Hall would be collected
through a system of underdrains and piped to sump pits within the enclosure.
Water in the sump pits would be analyzed periodically to determine the
concentration of tritium (H?) and radioactive sodium (Na?2). Based on
other Fermilab tunnels of similar size, location, and depth, the tunnel inflow
of water would be approximately 40 liters (10 gallons) per minute.

2.1.6 Decommissioning

The Fermilab Environment, Safety, and Health Manual [18], contains written
policies and procedures for creating and maintaining proper documentation
for all facilities to transfer them to other future uses. Information neces-
sary for the future decommissioning of the 8 GeV Fixed Target Facility and
the associated detectors would be maintained using these policies. At the
present, specific decommissioning activities are difficult to define in detail.
They would depend on the future use of the 8 GeV Fixed Target Facility,
which would depend on the future goals of the physics research program as es-
tablished by the Department of Energy. The apparatus and beamline could
be reused for future experiments at their present location. It is presently
anticipated the experimental apparatus would be used well into the 21st
Century. New projects would require appropriate review under the National
Environmental Policy Act.

2.2 Alternatives and their Impacts
2.2.1 Location at an Alternate Site within the U.S.

No proton accelerator exists currently that meets the requirement for a high
intensity, low energy (8 GeV) beam. Location at a DOE Laboratory other
than Fermilab would therefore require the construction or modification of
a high-intensity, low-energy accelerator complex. Duplication of such an
accelerator at another location would be expensive, much more so than the
cost of a Fermilab Booster upgrade, and involve potentially greater negative
environmental impact than the proposed action. The opportunity to utilize
the Fermilab Booster for a neutrino oscillation experiment, while having no
impact on the other participants in the Fermilab Physics program, is unique
to Fermilab.
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2.2.2 Location of an 8 GeV Fixed Target Facility in the Existing
Fixed Target Area at Fermilab

The existing Fixed Target Experiments Area at Fermilab is shown in Fig. 2.
With considerable modification and construction, the 8 GeV beam from the
Booster could be transported into this area to carry out neutrino oscilla-
tion experiments. Current plans call for the installation of two beamlines
for transport to this area for other experiments — an 800 GeV proton beam,
and a 120 GeV beam. This alternative would require the installation of
a third dedicated beamline, for running 8 GeV protons, greatly adding to
the congestion within the beam enclosures. In addition, the length of this
beamline would be much greater than the preferred choice near MI-10. Op-
erational and construction impacts are greater for this alternative than for
the preferred alternative.

2.2.3 Alternative Locations at Fermilab.

The proposed location of the 8 GeV Target Hall was chosen to minimize con-
struction impact on the surrounding environment. Construction further to
the West would involve greater impact on known wetland, and archeological
sites. Construction further to the East would involve more disturbance of
existing infrastructure, and would thereby more severely affect the existing
wetland in that area.

The proposed location of the BooNE Detector provides for no off-site
impact in the event that a second detector is constructed. The preferred
alternative provides substantial space for extending the distance of the de-
tector from the source to 2,000 meters (6,600 feet) without impacting the
surrounding communities.

2.2.4 No Action Alternative

The no action alternative would mean that the achievement of the scientific
goal of confirmation of the LSND effect would not be possible in the U.S. in
the near future.

There would be no environmental impacts from implementing the no
action alternative. The present research program being conducted on the
Fermilab site would continue, as modified by the ever-changing needs and
scientific goals of the particle physics research community.
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3 THE AFFECTED ENVIRONMENT

3.1 Site Description and Land Use

The preferred site of the proposed action, as shown in Fig. 3, is near de-
veloped areas that include the 4 mile circumference underground accelerator
ring (Tevatron), the Anti-Proton Area, the Lederman Education Center, the
Prairie Interpretive Trail and the Central Laboratory Area. To the southwest
lies the newly constructed Main Injector Ring. In the near future, the NuMI
project is expected to add two new surface buildings shown in Fig. 3 as the
proposed NuMI U.S. and the proposed NuMI D.S. Service Buildings. The
NuMI beamline will be about 60 meters (200 feet) below grade at the point
where it crosses under the BooNE beamline. None of these areas would be
impacted by the proposed activities.

The structures for the proposed action would be constructed in areas dis-
turbed by farm activities and currently consisting of undeveloped remnant
woodlands and old fields of non-native grasslands and scrub plant communi-
ties. Surveys of the proposed site have identified no threatened or endangered
species in the area [35]. Fermilab has also conducted comprehensive surveys
for prehistoric and historic sites within its boundaries [4, 32, 41]. No ar-
chaeological or historical resources are present at the proposed site. No areas
having federal or state special designation (e.g., parks, wilderness areas, etc.)
or prime agricultural lands are located in the project area. For a complete
overview of the existing conditions at the Laboratory, including the area of
the proposed construction, see information on the WWW [16]. The con-
struction will disturb surface soils by an amount equal to approximately: 30
meters (100 feet) by 55 meters (175 feet) south of Geise Road, 55 meters
(175 feet) by 135 meters (450 feet) north of Geise Road, and 3 meters (10
feet) by 455 meters (1500 feet) between the Target hall and the Detector 1.
The Detector 1 construction will disturb approximately 30 meters (100 feet)
by 60 meters (200 feet) of surface area. This amounts to a total of about 1.2
hectares (3 acres) of surface land that would be affected. About one third of
this area would be permanently changed.

3.2 Surface Water

The Fermilab site is relatively flat as a result of past glacial action. The
highest area, with an elevation of 244 m (800 ft) above mean sea level, is
near the northwestern corner. The lowest point, 218 m (715 ft) above mean
sea level, is toward the southeast. There are three watersheds that collect
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water on site. Most of the Fermilab surface water runoff is to the southeast
into Ferry Creek. The northern part of the site drains to Kress Creek. These
two creeks drain to the West Branch of the DuPage River. Surface drainage
in the west and southwest is to Indian Creek which flows off-site into the Fox
River.

There is a small wetland in the vicinity of the Beamline Enclosure, at the
point at which it crosses under Indian Creek [14, 36]. A small, man-made
tributary to Indian Creek flows adjacent to the the Main Injector Road in the
area of the proposed 8 GeV Fixed target Area. Although man-made, this
stream has been identified as jurisdictional wetland due to the dominance
of wetland vegetation (primarily Typha spp., Carex spp., and Scirpus spp.),
and historically hydric soils. The hydrologic indicator for this wetland is
inundation.

3.3 Groundwater

The uppermost aquifer beneath Fermilab property is located within the
dolomite bedrock, at a depth of 18 to 30 meters (60 to 100 feet) below
ground surface. The direction of groundwater flow in the dolomite aquifer
is generally toward the south/southeast, however this flow is locally affected
by gradients induced by on-site wells used to supply drinking water to the
majority of the site. Water within the dolomite aquifer is generally avail-
able for use, and historically, many farm wells utilized water drawn from this
geologic stratum. The characteristics of this aquifer qualify it to be desig-
nated by the Illinois EPA as a resource (or Class I) groundwater. There is
no special source of water located in the project area.

The dolomite layer is overlain by glacial deposits and windblown river,
lake and pond sediments. The glacial deposits are primarily very low perme-
ability clays which do not support groundwater production. Water in this
layer is designated as Class II water by the state. IEPA has much more
stringent numerical limits on contamination for Class I waters. Beneath the
dolomite is the Maquoketa shale, which acts as a hydraulic barrier isolating
the upper aquifer from lower water-bearing units. The hydraulic permeability
in the glacial till is low, generally from 107¢ to 10~% cm/sec [20], implying
that groundwater movement is very slow.

Additional geological information is maintained by Fermilab and is ac-
cessible through its web site [38]. Specific studies would be performed to
further characterize the subsurface conditions in the impacted areas prior to
the commencement of construction [43].
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4 ENVIRONMENTAL CONSEQUENCES OF THE
PROPOSED ACTION

4.1 Construction Impacts
4.1.1 Occupational Safety and Health

The Fermilab Integrated Safety Management Plan [26] establishes policy for
construction safety. The Plan includes ES&H requirements for activities
involving contractors, participating guests and visitors. It specifies that con-
tractors will have integrated safety into their business activities and follow
all applicable ES&H requirements. It has provisions in all subcontracts for
stopping work and terminating contracts for lack of ES&H performance. It
also provides for refusing to allow certain subcontractor individuals on site for
failure to follow ES&H requirements. Fermilab has a practice of excluding
subcontractors from bidding if they have a record of poor ES&H perfor-
mance at Fermilab. Fermilab also prequalifies its subcontractors on the basis
of demonstrated technical expertise and successful ES&H programs. Fermi-
lab’s comprehensive construction safety program is documented in Chapter
7010 of FESHM [18].

Fermilab employees, visitors and experimenters, and members of the pub-
lic would not be involved in the construction activities as access to these areas
would be restricted to construction workers and those Fermilab and U. S. De-
partment of Energy employees who would be engaged in the administration
and monitoring of construction activities.

Personnel working within the detector vessel may be exposed to a poten-
tial oxygen deficiency risk. Although risk cannot be completely eliminated,
quantitative risk analysis is used to prescribe precautions to protect against
worker injury. These precautions include posting of warning signs, train-
ing, medical surveillance, and oxygen monitoring. Personnel working inside
the vessel would be required to follow Fermilab’s confined space program as
prescribed in the Environmental, Safety, and Health Manual [18].

4.1.2 Surface Water Quality and Wetland Assessment

Erosion and sediment controls would be instituted as part of a Stormwa-
ter Pollution Prevention Plan according to guidance from the Illinois En-
vironmental Protection Agency [28]. These would minimize the potential
for increased pollutant loading to Indian Creek during construction activi-
ties. Surface water discharges associated with the construction (erosion, etc.)
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would be evaluated in accordance with State and Federal Regulations con-
cerned with the discharges of surfaces waters [22]. Some permit modifications
may be indicated. (See Sec. 4.2.4.)

The proposed action would be outside of the 100 year floodplain as de-
termined by reference to information provided by the Federal Emergency
Management Agency [17, 8]. The point at which Indian Creek would cross
over the Beamline Enclosure is at the edge of a known floodplain. Care would
be taken in the design of the creek diversion to keep the floodplain area well
removed from the 8 GeV Fixed Target Facility.

It was determined that a wetland assessment is appropriate and required
per 10 CFR 1022 [8] for the activities proposed in this document. An assess-
ment must include information on project description, wetland effects, and
alternatives. These are individually addressed below.

Project Description: The nature and purpose of the proposed action has
been described above (see Section 1.1). Figures 3 and 4 indicate the location
of the impacted wetland. Beamline construction would require a temporary
diversion of a section of the east branch of Indian Creek. (See Section 2.1 for
construction details.) After completion of the construction phase, the creek
would be returned to its original course.

Wetland Effects: The impacted wetland consists of a small man-made
ditch and associated embankments. A wetland delineation [14] identified this
portion of Indian Creek as jurisdictional wetland due to the fact that the soils
within this location are historically hydric soils. The wetland is characterized
by a dominance of common wetland vegetation (e.g., Typha latifolia, Carex
aquatilis, Scirpus fluviatilis, and Leersia oryzoides). The hydrologic indicator
is inundation. The wetland could be classified as “palustrine, emergent, semi-
permanently flooded, excavated.”

Impacts on the wetland along the east branch of Indian Creek would be
minor (i.e., temporarily impact less than 0.3 of an acre). The impact would
be temporary because during construction the creek would be diverted and
the soil containing the wetland seed bank would be stockpiled. After the
construction phase, the creek would be restored to its original course and the
wetland re- vegetated by redistribution of the stock-piled soil. The temporary
disturbance during the construction phase would have no long-term impact
on the wetland’s survival, qualities, or values. Upon return of the creek to its
original course, the re-vegetated wetland recovery would be well underway
after one growing season.

Alternatives: Alternative locations for constructing the proposed project
have been addressed in Section 2.2 along with potential impacts. All alterna-
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tives (with the exception of the “no action” one) identified potentially greater
negative construction, operational, and /or environmental impacts (including
wetlands).

4.1.3 Air Quality

The impact of this proposed action would be much less than the normal
fluctuations in air quality in this area. During construction there would
be minor, short-term, localized impacts on air quality from vehicular traffic
and earth-moving operations. Dust would be controlled by established engi-
neering practices, chiefly by water sprinkling of all disturbed earth surfaces
and earth stockpiles. Exhaust fumes from construction traffic and internal
combustion equipment used at the construction site, should rapidly disperse.

4.1.4 Waste Generation and Disposal

Excavated soil would be re-used for the backfill over the target and pretarget
area, and as part of the earth shielding. Clearing and grubbing debris, de-
molished building material, vegetative matter, trash, rubbish and all other
non-hazardous waste material would be disposed of in accordance with the
requirements set forth by state and federal regulations [39] [13] [24]. All
materials would be surveyed for possible contaminants before being removed
from the Fermilab site.

4.2 Operational Impacts
4.2.1 Occupational Safety and Health

Protection of workers against exposures to common industrial hazards would
be controlled in accordance with regulations established by the Occupational
Safety and Health Administration [9], which are prescribed and enforced by
DOE. Specific review procedures would be implemented to assure proper
control of all materials used in the experiments in order to maintain a safe
working environment. Provisions for egress would be made and maintained in
accordance with the standards of the National Fire Protection Association
standards [34]. The control of ionizing radiation hazards is discussed in
Sec. 4.2.2. Hazards associated with confined spaces and areas that possess a
potential for oxygen deficiency are subject to policies and practices given in

the FESHM [18].
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4.2.2 Prompt Radiation

There would be some generation of prompt radiation and radioactive wastes
in the course of operation of the 8 GeV Fixed Target Area. Radioactive
wastes are covered in section 4.2.8. Radiation issues due to off-normal oper-
ations are discussed in section 4.2.10.

Prompt radiation is produced by the interaction of the beam with ma-
terials such as a target, collimators, absorbers, beamline focusing elements,
wall of the beam pipes, and consists primarily of neutrons and muons. It
is present only when the beam is on, and would be generated during the
operation of the proposed 8 GeV Fixed Target Area. The neutrons would
be produced in all directions relative to the beam direction, while the muons
would be produced in the direction of the beam (forward). Exposure to
neutrons would be minimized by shielding combinations of soil, concrete or
steel surrounding the beamline. The muon contribution to prompt radiation
would be unimportant because muons would decay in the soil below ground
level. Only low energy muons would be generated at the 8 GeV Fixed Target
Facility, typically about 3 GeV. Three GeV muons produced at the target in
the 8 GeV Fixed Target Facility would stop in approximately 9 meters (30
feet) of earth, and do not appear at the surface. Neutrinos will penetrate all
materials, but they interact very weakly, contributing nothing to radiatia-
tion exposure. There would be a minor contribution to dose to workers from
the use of radiation sources as well. Table 2 summarizes the estimated an-
nual doses that may be received from various sources of radiation due to the
proposed action, which are well below the annual limits set by Federal Regu-
lations [6] of 50,000 uSv. For comparison, the average annual dose a person
receives from natural sources [33] is approximately 3600uSv (360 mrem).

Exposure to workers would be minimized by the observance of Fermilab’s
existing administrative limits for allowable dose to radiation workers. Typical
radiation workers at Fermilab receive no more than 1000 pSv (100 mrem)
in a year while the highest levels received are typically less than 10,000 uSv
(1000 mrem) in a year. Workers at the proposed target station would be
subject to the same levels.

The beam intensity would be comparable to that encountered during
current normal operations at Fermilab. Shielding in the region north of MI
Road up to the Target Enclosure would be fenced to restrict worker and
public access. Maximum dose rates at the fence lines would be 1,000uSv/hr
(100 mrem/hr). Dose rates south of MI Road would be limited to less than
10pSv/hr (1 mrem/hr) by steel shielding of the Beam Transport Enclosure
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and would require no fencing.

Table 2: Summary of Estimated Maximum Annual Doses Due to Ionizing
Radiation Associated with the Construction and Operation of the 8 GeV

Fixed Target Area.

Source Who is receiving the dose. | Maximum Annual
Dose

(uSv) | (mrem)
Neutrons produced members of the public 0 0
during operation or occupational workers
Muons produced members of the public 0 0
during operation or occupational workers
Use of radioactive radiation workers 100 10
sources
Radionuclides produced | members of the public 0 0
in groundwater
Air activation members of the public at 0.07 0.007

the Fermilab site boundary

Work on radioactive tar- | maximally exposed 10,000 1000
get station components worker
Natural background everyone 3600 360
radiation

The International Commission on Radiation Protection has calculated
the risk of latent cancer fatalities to be 0.4 latent cancer fatalities (LTF)per
people-uSv [27]. Thus, the health effect attributable to the dose (10,000uSv
or 1,000 mrem, see Table 2.) to maximally exposed workers from operations
of the 8 GeV Fixed Target Facility is 4000 per 10 million people. The LTF for
the public , which is due to neutrons, muons, groundwater and air activation
(see Table 2) is much less than one per 10 million people — so small that it
cannot be reliably calculated.

4.2.3 Residual Radiation

High energy beams striking beamline components produce residual radia-
tion of those beamline components. This residual radiation remains after
the beam is turned off. Residual radioactivity in beamline components and
shielding within the proposed beamline enclosures would not produce de-



DOE/EA-1267 26

tectable dose rates above ground because the amount of shielding required
for prompt radiation is more than sufficient to shield the residual radiation
to undetectable levels.

The target station and associated equipment would become radioactive
due to the operation of the 8 GeV Fixed Target Area. This equipment is
inaccessible during beam operations and must be serviced and maintained
with the beam turned off. The radiation dose rates due to both long and
short-term operation of the target station have been calculated. The target
station would be designed so that the dose rates would be less than 100 puSv
per hour (10 mrem per hour) for large portions of the target station area.
There would be a few accessible locations near the target itself that would
have levels ranging from 1000 to 15,000 uSv per hour. These higher dose
rates would be encountered only for short periods of time during mainte-
nance. Such exposures would be minimized in part by carefully designing
the equipment to be as reliable as possible to minimize maintenance time.
The 8 GeV Fixed Target Area also includes a “hot storage” area on one side
of the Target Hall. Highly radioactive elements would be held in that space
for cool-off prior to working on them or before transporting them to off-site
radiation handling facilities for disposal. The radiation exposures to these
workers would be routinely monitored. It is estimated that radiation expo-
sures in the range of 10,000 uSv (1000 mrem) per year would be received
by only a small number of radiation workers. (Typically less than ten, see
Table 2.) These exposures remain below the regulatory limit [6] of 50,000
pSv (5000 mrem) per year.

Excavation activities at the proposed site, except for the connection
through the tunnel wall of the FMI Transfer Line, would be done in ar-
eas where radiation levels are not above natural background. The choice of
such a site would assure that construction workers would not receive any
exposure to radiation while working in that area. The only construction that
would take place near activated areas would be at the Main Injector Tunnel.
Because beam losses in the FMI Transfer Line would be kept small, activa-
tion of the tunnel concrete would be minimal. Based on relevant experience
with other construction at Fermilab [31] workers exposed to a low level of
activated soil, concrete, and other material in proximity with the Main Injec-
tor Tunnel would be expected to receive less than 10 mrem during the time
that construction would take place in this area. Those construction activi-
ties associated with the connection with the Fermilab Main Injector would
be conducted in accordance with the applicable Federal Regulations and U.S.
Department of Energy Orders concerning radiological protection [6, 15].
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4.2.4 Surface Water Quality

Discharges to surface water from sump pits would be less than 10 gpm.
This water would be analyzed periodically to determine H? and Na?? levels.
Unintentional discharges to surface water of radioactive water from RAW
system leads would be minimized by the construction of suitable secondary
containment around the cooling systems. This water would ultimately be
disposed of as low-level radioactive waste if it exceeded the DCG in DOE
Order 5400.5. If the DCG is not exceeded, the water would be released to
surface water.

The need to modify Fermilab’s present National Pollutant Discharge
Elimination System (NPDES) permit for discharges of commingled non-
process, non-contact cooling water [30] would be evaluated as the detailed
design proceeds to assure compliance with IEPA requirements [22]. Fermilab
also would apply for coverage under the Illinois general permit for stormwater
runoff from construction sites.

Diversion of Indian Creek would require Corps of Engineers’ and Illinois
Office of Water Resources (OWR) permits.

4.2.5 Soil and Ground Water Impacts

The soil surrounding the Target Station can become activated due to the
neutron component of the prompt radiation. The two isotopes of potential
concern are H?® and Na?2. It is known that these two elements are the
only isotopes produced at accelerators that contribute to the groundwater
because of their long lifetimes and high leachability in soil. The subsequent
leaching of this radioactivity would migrate toward the underlying aquifer
located in the dolomite. (See section 3.3, entitled The Affected Environment,
Groundwater.)

Standard computer modeling techniques have been used to calculate the
potential radionuclide concentrations in the groundwater resources adjacent
to the Target Hall and decay pipe, where the largest deposition of prompt
radiation might be expected to occur. The calculation supports a shielding
design that protects the Class I groundwater resources so that radionuclide
concentrations would be below regulatory limits specified in State Regula-
tions for water quality in groundwater resources [23]. (See Table 2.)
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4.2.6 Air Quality

Radionuclide emissions to the atmosphere due to beam operation consist of
short-lived (half-lives from 2 minutes to 1.8 hours) radionuclides (typically
Ct, O, N3, and Ar!) produced as an unavoidable result of proton in-
teractions with targets and absorbers. Because it is produced in greatest
abundance, and because it has a relatively long half life of 20.5 minutes, C'!
is the most important of the radionuclides produced.

Environmental emissions would be limited by minimizing the ventilation
of the tunnels during operations and by allowing sufficient time for decay of
the airborne radioactivity after beam shutdown and prior to any personnel
access. (See Table 2.) For example, a one hour decay period followed by rapid
ventilation of the Target Hall would result in the release of no more than 1
(one) Ci of C'! to the environment. The activities of the other radionuclides
would be less than the release of the C'''. It is estimated that this target
station would be open to access in a manner that would allow release of
these radionuclides a maximum of twice per month. Thus, a maximum of
approximately 25 Ci per year would be released to the environment. This
would be within the limits of the present Fermilab NESHAP permit, which
limits releases to less than 100 Ci/year on average and a maximum of 900
Ci for any specific year. Typical releases from Fermilab in recent history are
around 30 Ci per year. Thus the operation and transport of the beam to
the Target Hall would not cause Fermilab to approach air permit limits. All
releases would be reported annually to the Illinois Environmental Protection
Agency (IEPA) and the U. S. Environmental Protection Agency (EPA) in
accordance with conditions of the relevant environmental permit [29].

Compliance with 40 CFR 61 requirements, limiting dose to any member
of the public to 100 uSv (10 mrem?®) in any given year, (assuming that that
person is present at the Fermilab site boundary on a full time basis) would be
assured. In a typical recent year of operation, Fermilab accelerators release
34 Ci of such radioactivity, resulting in an estimated maximum dose to a
member of the public of approximately 0.1 pSv (0.01 mrem). The maximum
release of 25 Ci estimated above for operation of the beam should result in
a maximum dose to a member of the public of 0.07 xSv (0.007 mrem). At
0.4 latent cancer fatalities (LTF) per 10 million people-uSv [27], the health
effect attributable to the off-site dose from proposed action is far too small
to be meaningful.

The regulation actually establishes limits that are 10x higher. At Fermilab we choose
to be more conservative.
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Dose to workers from activated air would be minimized by excluding
personnel from the enclosure in the region of the target station when the beam
is operating and for two hours following cessation of operations, after which
time the concentration limits for occupational workers specified in [6] would
be readily met due to rapid decay of the radionuclides. Along with other
sources of radiation exposure to workers, these exposures would be properly
monitored in accordance with federal regulations applicable to occupational
radiation exposures.

Ventilation systems for the service building would be completely separate
from that used for the target station and adequate to preclude exposure of
individuals to radioactive air.

4.2.7 Utilities

The increase in Fermilab utility requirements as a result of the operation of
the 8 GeV Fixed Target Facility would be very small, and would not impair
the ability of public utilities to supply their other customers.

4.2.8 Waste Generation and Disposal

Although the 8 GeV Fixed Target Facility represents additional activity at
Fermilab, the level of new waste generation would be small compared to
other levels at Fermilab, and would not be distinguishable from normal,
routine fluctuations in waste volumes. There would be no TRU or high level
radioactive wastes generated by the proposed action.

4.2.9 Socioeconomic Impacts

The number of personnel engaged in BooNE would not alter the Laboratory’s
staffing level beyond the numbers of normal routine fluctuations.

4.2.10 Off-Normal Events

The most significant potential off-normal events for the 8 GeV Fixed Target
Facility would be a beam “loss” whereby the proton beam is absorbed by the
beamline components in some unplanned location in part of the beam line
upstream of the target. Extensive instrumentation would be employed to
quickly detect and correct the undesired off-normal operational conditions.
As stated in Sec. 4.2.2, the prompt radiation shielding for the 8 GeV Fixed
Target Area would be designed to meet levels established in Fermilab policies,
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written in accordance with federal regulations [21]. These policies impose
stringent requirements on the design of shielding in order to control such
unplanned interactions of the proton beam. Off-normal residual radiation
dose delivered to the air, and groundwater are estimated to be less than
0.001 of normal dose. The health effect attributable to this dose from the
proposed action is far too small to reliably calculate.

Since the 8 GeV Fixed Target Area would receive beam at a 10 Hertz rate
from the accelerator, and the maximum delivery rate is 15 Hertz, the differ-
ence between off-normal and normal operation would only be 50% greater.
The inadvertent transport of the full intensity of the accelerator would have
a negligible effect on the overall airborne emissions or the irradiation of the
soil.

4.2.11 Environmental Justice

Executive Order 12898, Federal Actions to Address Environmental Justice
in Minority and Low-income Populations, requires federal agencies to ana-
lyze disproportionately high and adverse environmental effects of proposed
actions on minority and low-income populations. Off-property impacts of
the proposed action would be minimal and limited to the area immediately
surrounding the Fermilab property where there is no significant population
of minority or low-income residents.

4.3 Decommissioning of the 8 GeV Fixed Target Facility
and Associated Detectors

If the 8 GeV Fixed Target Facility or the associated detectors were to be
decommissioned, the experimental apparatus and beamline would be disas-
sembled. The components would be reused elsewhere at Fermilab, shipped to
other laboratories for use, or made available as surplus equipment according
to standard procedures for disposition of United States Government prop-
erty [18]. For the duration of the proposed action, information necessary
for eventual decommissioning of the BooNE experiment would be collected,
documented, and retained for future reference in accordance with existing
Fermilab policies. This information would include the details of the design,
the history of operation, and records of environmental monitoring.

Each component of the experimental apparatus and beamline would be
surveyed by health physics personnel in order to identify, label and isolate
all components made radioactive by beam operations. It is anticipated that
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many components, excluding some of the beam line and target station items,
the decay channel, and beam absorber material would be free of radioactivity.
Radioactive components for which there is no longer a use would be pack-
aged for shipment and disposed of as radioactive waste according to DOE
specifications and federal, state, and local regulations in effect at the time
of disposal. Non-radioactive wastes would be properly disposed, in accor-
dance with applicable regulatory requirements. There are no disposal sites
for any waste materials on the Fermilab site and none would be planned for
the future.
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5 LIST of ABBREVIATIONS and ACRONYMS

‘47.41
Bg
BooNE
Cl 1
CY
DOE
EA
EAW
ES&H
EPA
FNAL
FMI
FY

H3
IEPA
kW
LSND
MINOS
mrem
pCi
pSv
N13
Na22
NFPA
NPDES
NSF
NEPA
NESHAP
NUMI
PAC
015
pCi
SSC
tritium
TRU
USBM

A radionuclide of argon with mass number 41.
Becquerel

Booster Neutrino Experiment

A radionuclide of carbon with mass number 11.
Calendar Year

(U.S.) Department of Energy

Environmental Assessment (U. S. Department of Energy)
Environmental Assessment Worksheet (State of Minnesota)
Environment, Safety, and Health

(U. S.) Environmental Protection Agency

Fermi National Accelerator Laboratory

Fermilab Main Injector

Fiscal Year, Federal (October 1 through September 30)
A radionucllide of hydrogen, also known as tritium.
[llinois Environmental Protection Agency

Kilowatt, a unit of electrical power.

Liquid Scintillator Neutrino Detector

Main Injector Neutrino Oscillation Search

millirem

microCurie, one millionth of a Curie

microSievert, or 0.1 mrem

A radionuclide of nitrogen with mass number 13.

A radionuclide of sodium with mass number 22.
National Fire Protection Association

National Pollutant Discharge Elimination System
National Science Foundation

National Environmental Policy Act

National Emission Standards for Hazardous Air Pollutants
Neutrinos at the Main Injector

Physics Advisory Committee

A radionuclide of oxygen with mass number 15.
picoCurie or a micro-microCurie

Superconducting Super Collider

H? a radionuclide

Trans-uranic elements

U. S. Bureau of Mines

36
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6 GLOSSARY

Accelerator.

A device for increasing the velocity and energy of charged
particles, for example electrons or protons, through
application of electrical and/or magnetic forces.
Accelerators have made particles move at velocities
approaching the speed of light. Types of accelerators
include cyclotrons, synchrotrons, and linear accelerators.

Antiproton.

Matter in which the ordinary nuclear properties of the proton
are replaced by correspondingly opposite properties of the
antiproton. An anti-hydrogen atom, for example could be
conceived as a negatively charged antiproton with a positively
charged orbital positron.

Beam.

A stream of particles or electromagnetic radiation, going in
a single direction.

Beamline.

A collective term referring to all the devices used to
control, monitor, and produce a beam. The common elements of a
beamline are magnets, intensity monitors, beam position
monitors, and collimators.

Charge.
Electric charge carried by an elementary particle.
Closed-loop.

A system of circulating water in completely enclosed pipes
where the water is isolated from any external surfaces.

Collimator.

An adjustable aperture, capable of absorbing the beam outside
of the aperture opening, and permitting the transport of the
beam within the aperture.
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Commission.

The task of bringing into operation a designed system for the
first time.

Curie or Cl.

Decay.

The basic unit to describe the intensity of radioactivity in a
sample of material. The Curie is equal to 37 billion
disintegrations per second, which is approximately the rate of
decay of 1 gram of radium. A Curie is also a quantity of any
nuclide having 1 Curie of radioactivity. Named for Marie and
Pierre Curie, who discovered radium in 1898.

The spontaneous transformation of one nuclide into a different
nuclide or into a different energy state of the same nuclide.
The process results in a decrease, with time, of the number of
the original radioactive atoms in a sample. It involves the
changing of the nucleus by emission, absorption or fission.

Decomimission.

The completion and disassembly of a system.

Diamacton.

A glacial sediment, generally unstratified, that is non-to
poorly sorted and contains a wide range of particle sizes.

Dose.
As used in this assessment, the energy deposited in a unit of
mass of tissue multiplied by a factor that takes into account
the differences in biological effects due to different kinds of
radiation. The unit of dose is the microSievert. One
microSiever equals 10 mrem.

Electron.

The lowest mass lepton which is found bound in ordinary atoms
and has negative electrical charge.
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Fized-target physics.

A method of study used in high energy physics in which a beam
of high energy particles is collided with a material target that
is stationary, or ‘‘fixed’’, in space.

GeV.
The unit of measure of the kinetic energy of particles
accelerated by high energy accelerators. A proton accelerated
through an electrical potential of 1 billion volts would have a
GeV of kinetic emnergy.

Half-life.

The time in which half of the atoms of a particular radioactive
substance disintegrates to another nuclear form. Measured half-
lives vary from millionth of a second to billions of years.

Hertz or Hz.
A measure of frequency. One cycle per second.
Interlock.

A locked device engaged to beam components such that changes
in the device will permit or not permit the components to
operate.

Tonizing radiation.

Particles or rays that can cause electrons to be added to or
removed from neutral atoms. Examples of ionizing radiation
include alpha particles, beta particles, muons, gamma/X-rays
and neutrons.

Isotope.

One of two or more atoms with the same atomic number (the

same chemical element) but with different atomic weights. An
equivalent statement is that the nuclei of isotopes have the
same number of protons but different numbers of neutrons.
Isotopes usually have very nearly the same chemical properties,
but somewhat different physical properties.
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Kaon,

An elementary particle having a mass about 970 times that of an
electron.

Lepton.

A class of elementary particles that only interact by means of
the electromagnetic and weak forces.

Main Injector.

A synchrotron at Fermilab that is designed to accelerate
protons and antiprotons to an energy of 150 billion electron
volts, (150 GeV).

Magnet.

The proton beam is transported from the accelerator to a target

by magnets. A magnet consists of a steel core with copper windings
or permanent magnet materials to produce a magnetic field.

The magnetic field formed at the center of the magnet bends and
focusses the beam as it passes through.

Mass Number.

An integer that expresses the mass of an isotope and designates
the number of nucleons in the nucleus.

Muw.
Megawatt or one-million watts.
Millirem or mrem.

One one-thousandth of a rem (0.001). Rem is an acronym for
roentgen equivalent in man. The unit of dose of any ionizing
radiation that produces some biological effect, such as a unit of
absorbed dose of ordinary X rays.

Muon.

An elementary particle, classed as a lepton with 207 times the
mass of an electron. It may have a single positive or negative
charge.
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Neutrino.

Any one of several electrically neutral elementary particle
with at most a very small mass. It interacts very weakly
with matter and hence is difficult to detect. It is produced
in many nuclear reactions, for example, in beta decay, and has
high penetrating power; neutrinos from the sun usually pass
right through the earth.

Neutron.

An uncharged elementary particle with a mass slightly greater
than that of the proton, and found in the nucleus of every atom
heavier than hydrogen. A free neutron is unstable and decays
with a half-life of about 13 minutes into an electron, proton,
and neutrino.

Oscillation.

The transition of a neutrino from one type to another.

Pico.
A prefix that divides a basic unit by one trillion. Same as
micromicro.

Positron.

The antiparticle of the electron that has the same mass as the
electron but has positive electrical charge.

Prompt radiation.

Radiation produced by the interaction of the beam with
materials such as a target and consisting primarily of neutrons
and muons, also considered as penetrating radiation.

Radioactivity.

The spontaneous decay or disintegration of an unstable atomic
nucleus, usually accompanied by the emission of ionizing
radiation. (Often shortened to ‘‘activity’’.)

Radionuclides.
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A radioactive nuclide.
Sievert or Sv

A unit of measure of radiation exposure by human tissue,
equal to 100 Rem. Also see millirem.

Spill
An event in which the beam is extracted from the accelerator.
Subatomic.

Any of the constituent particles of an atom: electron, neutron,
proton, etc.

Target.

In a fixed target facility, protons from the accelerator are
transported to, and focussed on a target, or a small solid
object, typically made of metals such as aluminum, beryllium
or copper. The protons interact with atomic nuclei in the
target nuclei to create other particles, some of which decay
into neutrinos, the particle that will be used in the first
experiment at the 8 GeV Fixed Target Facility.

Tevatron.

A synchrotron at Fermilab that is designed to accelerate protons
and antiprotons to an energy of one trillion electron volts,
(1 TeV).

Tritium.

A radioactive isotope of hydrogen with two neutrons and one
proton in the nucleus. It is man-made and is heavier than
deuterium (heavy hydrogen). Tritium was used in industrial
thickness gauges, and as a label in experiments in chemistry
and biology.
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7 APPENDIX A: MSDS for Mineral Oil, and Butyl
PBD



Thursday, February 11, 3699

PRODUCT NAME: MINERAL OIL
FORMULA :

FORMULA WT: .00
CAS NO.: 8012-59-1

NICSH/RTECS NO.: PYB030000
COMMON SYNONYMS: PARARFFIN OIL; HEAVY LIQUID PETROLATUM
PRODUCT CODES : 2705

EFFECTIVE: 05/02/86

REVISION #01

PRECAUTIONARY LABELLING
BAKER SAF-T-DATA(TM) SYSTEM

HEALTH - 0 NONE
FLAMMABILITY - 1 SLIGHT
REACTIVITY - 0 NONE
CONTACT - 1 BSLIGHT

HAZARD FATINGS ARE 0 TO 4 (0 = NO HAZARD; 4 = EXTREME HAZARD) .
LABORATORY PROTECTIVE EQUIPMENT

SAFETY GLASSES; LAB COAT

PRECAUTIONARY LABEL STATEMENTS

DURING USE AVOID CONTACT WITH EYES AND CLOTHING. WASH THOROUGHLY AFTER
HANDLING. WHEN NOT IN USE KEEP IN TIGHTLY CLOSED CONTAINER.

SAF-T-DATA(TM) STORAGE COLOR CODE: ORANGE (GENERAL STORAGE)

COMPONENT % CAS NO.

BOILING POINT: N/A VAPOR PRESSURE (MM HG): N/A
MELTING POINT: -18 C | 0 F) VAPOR DENSITY (RIR=1}: N/A
SPECIFIC GRAVITY: 0.85 EVAPORATION RATE: 0
{H20=1) |BUTYL ACETATE=1)
SOLUBILITY (H20) : NEGLIGIBLE (LESS THAN 0.1 %) % VOLATILES BY VOLUME: 0

FLASH POINT (CLOSED CUP 23820 420 F) NFPA 704M RATING: 0-1-0
FLAMMABLE LIMITS: UPPER - N/A % LOWER - N/A %

FIRE EXTINGUISHING MEDIA
USE WATER SPRAY, ALCOHOL FOAM, DRY CHEMICAL OR CARBON DIOXIDE.

SPECIAL FIRE-FIGHTING PROCEDURES
FIREFIGHTERS SHOULD WEAR PROPER PROTECTIVE EQUIPMENT AND SELF-CONTAINED
BREATHING AFPPARATUS WITH FULL FACEPIECE OPERATED IN POSITIVE PRESSURE MODE.
MOVE CONTAINERS FROM FIRE AREA IF IT CAN BE DONE WITHOUT RISK. USE WATER
TO KEEP FIRE-EXPOSED CONTAINERS COOL.

TOXIC GASES PRODUCED
CARBON MONOXIDE, CARBON DIOXIDE

5 - HEALTH HAZARD DATA

CARCINOGENICITY: NTF: NO IARC: NO Z LIST: NO QSHA REG: NO

EFFECTS OF OVEREXPOSURE
NO EFFECTS OF OVEREXPOSURE WERE DOCUMENTED.

TARGET ORGANS
NONE IDENTIFIED

MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE
NONE IDENTIFIED

ROUTES OF ENTRY
NONE INDICATED

nautring. lanl.gov/B

SDS_minedal_all.txt

Page: 1



Thursday, February 11, 1999

EMERGENCY AND FIRST AID PROCEDURES

INGESTION: IF SWALLOWED AND THE PERSON IS CONSCIOUS, IMMEDIATELY GIVE
LARGE AMOUNTS OF WATER. GET MEDICAL ATTENTION.
INHALATION: IF A PERSON BREATHES IN LARGE AMOUNTS, MOVE THE EXPOSED

PERSON TO FRESH AIR. GET MEDICAL ATTENTION.
EYE CONTACT': IMMEDIATELY FLUSH WITH PLENTY OF WATER FOR AT LEAST 15
MINUTES. GET MEDICAL ATTENTION.

6 - REACTIVITY DATA

STABILITY: STABLE HAZARDOUS POLYMERIZATION: WILL NOT OCCUR

CONDITIONS TO AVOID: NONE DOCUMENTED

INCOMPATIBLES: STRONG OXIDIZING AGENTS, CHEORIME
DECOMPOSITION PRODUCTS: CARBON MONOXIDE, CARBON DIOXIDE

STEPS TO BE TAKEN IN THE EVENT OF A SPILL OR DISCHARGE
WEAR SUITABLE PROTECTIVE CLOTHING. TAKE UP WITH SAND OR OTHER NONCOM-
BUSTIBLE ABSORBENT MATERIAL AND PLACE INTO CONTAINER FOR LATER DISPOSAL.
FLUSH SPILL AREA WITH WATER.

DISPOSAL PROCEDURE
DISPOSE IN ACCORDANCE WITH ALL APPLICABLE FEDERAL, STATE, AND LOCAL
ENVIRONMENTAL REGULATIONS.

8 - PROTECTIVE EQUIPMENT

VENTILATION: USE ADEQUATE GENERAL OR LOCAL EXMAUST VENTILATION
TQ KEEF VAPOR AND MIST LEVELS AS LOW AS POSSIBLE.

RESPIRATORY PROTECTION: NONE REQUIRED WHERE ADEQUATE VENTILATION
CONDITICNS EXIST. IF AIRBORNE CONCENTRATION IS
HIGH, USE AN APPROPRIATE RESPIRATOR OR DUST MASK.

EYE/SKIN PROTECTION: SAFETY GLASSES WITH SIDESHIELDS, PROPER GLOVES ARE
RECOMMENDED .

9 - STORAGE AND HANDLING PRECAUTIONS

SAF-T-DATA(TM) STORAGE COLOR CODE: ORANGE (GENERAL STORAGE)

SPECIAL PRECAUTIONS
KEEP CONTAIMNER TIGHTLY CLOSED. SUITABLE FOR ANY GENERAL CHEMICAL STORAGE

DOMESTIC (D.0.T.)
PROPER SHIPPING NAME CHEMICALS, N.0.5. (NON-REGULATED)
INTERNATIONAL (I.M.O.}

PROPER SHIFPING NAME CHEMICALS, N.0.§. (NON-REGULATED)

nautting, lanl.

minaral_oll.tx

Page: 2
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Required under USDL Saféty and Health Regulations for Ship Repairing, - i
Shipbuilding, and Shipbreaking {29 CFR 1915, 1916, 1917)
| : " SECTION|
MANUFACTURER'S NAME i . | EMERGENCY TELEPHONE &0, -
Bicron Corporation . (216) 564~2251"
APREES Kireman Koad” Wessary: B aaoes ' '
CHEWICAL NAME AND_SYNONYMS : TAADE NAME ANO SYNONYMS
f—&-‘b’ipﬂenﬁ‘yl-g—&—t-butylphenyl)-l-,i’!.6—oxadi zole . Agutyil PBD ' -
TCHESICAL FAMILY FORMULA )
Organic . C. H..N.0 CAS# 15082-28-7
e Lée 4
SECTION Il - HAZARDOUS INGREDIENTS
PAINTS,PRESERVATIVES, & SOLvenTs | % | JE¥ | ALLOYS ANO METALLIC COATINGS w] St
PIGMENTS 0 - BASE METAL 0
C..ATALVST 0 ALLOYS 0 =
VEHICLE 0 METALLIC COATINGS 0
SOLVENTS L3 COATING OR CORE FLUX 0
ADDITIVES ; 0 OTHERS 0
omqaé ) 0
HAZARDOUS MIXTURES OF OTHER LIQUIDS, SOUIDS, OR GASES % | e
None
".SECTION (Il - PHYSICAL DATA ..
BOILING POINT (*F.) , 277-2 SPECIFIC GRAVITY {«,o-u_'?l i <1
VAPOR PRESSURE (mm Hg.] . N/A--if': .:EYR\MT{FQ:“} ‘_ Ly a
VAPOR DENSITY (A(R1) N/A kil ":I,‘ N/A
SOLUBILITY IN WATER o - -
APPEARANCE AND O00R  WHITE CRYSTALS  NO ODOR
SECTION IV - FIRE AND EXPLOSION IHAZARD DATA
F u # ; . Lhet
LASH FO'ﬂT (Maethod lil-llll N/A meu U“l“ “l;_l; _Wn____
EXTINQUISHING u(omwa ter mist. ,Ofﬂll. (D., , dl’r. pOH‘dGI‘
SPEQULAL FINE FIGHTING PROCEDUNES e
UNUSUAL MIAC AND EXPLOSION IHAZANOS =
None
J
(Coalinued 0n reverse tidc) ' foan OSHA-20
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SECTION V - HEALTH HAZARD DATAG 7 T~ °

THRESHOLD LIMIT VALUE
no tnxjc:it!: data availahle - .

EFFECTS OF OVEREXPOSURE . o A s . .
May cause eye irr:*tation. May cause skin irritation. May be harmful by inhalaticsg,
ingestion, or skin absorption.

EMERGENCY AND FIRST AID PROCEDURES
In case of contact. Immediately flush eyes with copjous amounts of warer. Tmmedjately

difficult, give oxygen and call a physician.

SECTION VI - REACTIVITY DATA:

CONDITIONS TO AVOID

sTaGILITY UNSTABLE

i XX Strong oxidizing agents '
INCOMPATABILITY [Maierials fo avoid) 2

HAZAROOUS DECOMPOSITION PRODUCTS .

a . nitroeen axides
' ~ [ conpITIONS TO AVOID
HAZAROOUS MAY QCCUR
POLYMERIZATION .
WILL NOT QCCUR XX
-

SECTION Vil - SPILL OR LEAK PROC?.EbUi‘IES

STEPS TO € TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED
Wear respirator, chemical safet 1

'Sweep up, place in a2 bag and hold for waste dispo

WASTE DISPOSAL METHOOD
olve or

incinerator with an afterburner and scrubber.
lavs. . !

SECTION Vil - SPECIAL PROTECTION INFORMATION

RESPIRATORY PROTECTION [Spedfy b, A
fa dusty atmosphere %n{f ﬁfOSH/HSHA-Approved Respirator
VENTILATION D s i N i none
MECHANICAL (General] .. ‘ QTHER
mechanical exhaust required

EYE PROTECTION

PROTECTIVE.CLOVES L "
compatible chemical-resistant gloves chemical safety gloves

OTHER PROTECTIVE _E.Q_UI"M(NT

SECTION IX - SPECIAL PRECAUTIONS

PREC&U‘I’ION?\ 'rf BE TAKEN N HANOLING AND STORING _ - ] ]
alation. Avold coatact iwth skin, eyes, and clothing. Avoid prolonged

Avoid in

or rrepeated exposure. N
.Oﬂ'gg .pﬁg?gﬁﬁ"fy—after handling. Keep tightly closed. Store in a cool dry place.

~
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