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TECHNICAL ASSESSMENT OF ENVIRONMENTAL AND
COST IMPLICATIONS OF SUPERCONDUCTING SUPER

COLLIDER DECOMMISSIONING

by

S.Y. Chen, J.H. Opelka,
W.C. Chambers, and J. Stavrou

ABSTRACT

Potential environmental and cost implications of decom-
missioning the proposed Superconducting Super Collider (SSC) are
examined. One decommissioning alternative is selected for general
assessment. That alternative includes (1) removal of the major
sources of radioactivity induced during operation and (2) temporary
entombment of remaining underground facilities. On the surface, the
campus complex would be left in place for future use, but most other
aboveground features would be dismantled and removed. Because of
the low level of radioactivity that would be induced in SSC
components during system operation, potential radiological impacts to
the environment from decommissioning would be benign, and the
estimated total occupational radiation dose to workers would be less
than 5 person-rem. Potential nonradiological impacts of
decommissioning are not evaluated because of the lack of site-
specific data. The total estimated cost ot decommissioning
operations is $38 million. Although few current regulations are
explicitly applicable, the SSC decommissioning operation should not
encounter any difficulty in complying with potentially applicable
regulatory constraints. Upon completion of decommissioning, the SSC
site surface could be returned to unrestricted use, but it is
recommended that a degree of institutional control and environmental
monitoring be carried out for a short period following decommis-
sioning.

1 INTRODUCTION

This document presents a preliminary technical assessment of the potential
environmental and cost implications of decommissioning the proposed Superconducting
Super Collider (SSC) facility. The SSC is in the conceptual design stage, and the site-
selection process is underway; thus some specific details of construction, operation, and
decommissioning are not available for consideration in this study. This report has been
prepared at the request of the U.S. Department of Energy (DOE) and is intended to
provide a general assessment of decommissioning implications. Values presented here for



work effort, costs, and radiological impacts are order-of-magnitude estimates.
Furthermore, the information in this report is neither site-specific nor sufficiently
detailed to meet the requirements of the National Environmental Policy Act (NEPA) for
assessing the impacts of decommissioning an existing facility at a specific site. A
separate NEPA document addressing decommissioning activities would be prepared after
the end of project operations, prior to SSC decommissioning.

1.1 BACKGROUND

The concept of a multi-trillion-electron-volt (multi-TeV) accelerator was first
publicly discussed more than 10 yr ago. The SSC concept can be said to have had its
origins in a 1982 Snowmass Summer Study sponsored by the Division of Particles and
Fields of the American Physical Society. Based on that study and subsequent workshops
on detectors and accelerators, the DOE High Energy Physics Advisory Panel (HEPAP) in
1983 issued recommendations for the "immediate initiation of a multi-TeV high-
luminosity proton-proton collider project with the goal of physics experiments at this
facility at the earliest possible date." This proposed facility was designated as the
Superconducting Super Collider.

Following the HEPAP recommendations, the DOE initiated a series of research
and development (R&D) studies for the proposed SSC. Those studies established the
foundation for the SSC conceptual design commissioned by the Universities Research
Association (URA) and published in March 1986.1 Using that conceptual design as a
blueprint, the DOE in April 1987 issued an invitation for site proposals for the SSC,
anticipating selection of preferred sites in July 1988 and selection of the final site in
January 1989. Under this timetable, construction of the SSC will be completed in 1996.
Prior to construction, an environmental impact statement (EIS) will be prepared to meet
the requirements of NEPA. That EIS will include an assessment of all phases of the
project, including what is then known about decommissioning.

1.2 OBJECTIVES

The objectives of this study are to (1) provide information on environmental and
cost implications of SSC decommissioning for use in support of the EIS prepared prior to
project construction, and (2) develop a basic, generic framework for assessing the decom-
missioning of the SSC within the constraints of existing regulations.

It is not the intent of this study to evaluate the technical merits of the possible
arrays of decommissioning strategies or to assess their relative impacts. Therefore, only
one of many possible decommissioning alternatives has been used in this report as a
framework for evaluating technological problems and assessing potential environmental
and cost impacts of decommissioning. The alternative was selected on the basis of
guidance from the DOE. Some of the major considerations included removing radioactive
materials, sealing the access shafts, reusing conventional facilities, and salvaging
conventional and technical equipment where practical, with the ultimate goal of
releasing the site for unrestricted use.



The final design of the SSC is not complete, and exact measurements of residual
radioactive materials present at the time of shutdown will, of course, not be possible
until the end of the SSC's useful research life. Therefore, we have relied on three major
sources of information: (1) the published SSC conceptual design commissioned by the
Universities Research Associates, (2) technical reports issued by the SSC Central Design
Group, and (3) data derived from existing accelerators of a similar type, although of
smaller scale than the SSC, such as the 1-TeV Tevatron accelerator at the Fermi
National Accelerator Laboratory (Fermilab) west of Chicago.

1.3 CONTENTS OF THE REPORT

Section 2 presents a brief description of the SSC facility and its operation, with
emphasis on factors that could affect decommissioning requirements, and Sec. 3
discusses the radioactivity that is expected to be left in the facility at the end of its
operating life. Section 4 explains the decommissioning alternative; selected for
consideration in this report, provides details on the various decommissioning tasks,
provides estimates of waste materials and their anticipated levels of radioactivity, and
discusses radiological and cost implications of decommissioning. Section 5 presents our
conclusions regarding the overall assessment of SSC decommissioning implications.
Appendix A discusses existing regulations that appear to have relevance to SSC
decommissioning. Appendix B provides details of the estimated costs for major
decommissioning activities.



2 FACILITY DESCRIPTION

2.1 BACKGROUND

When constructed, the SSC will be one of the largest scientific instruments ever
assembled. Its major feature will be an underground collider ring in which the basic
constituents of matter will be created and studied at a combined energy of 40 trillion
electron volts (40 TeV), 20 times greater than at any existing facility. Particle physicists
here and abroad agree that the construction of the SSC will give scientists unrivaled
opportunities well into the next century for making fundamental discoveries regarding
the nature of matter..

The large scale of the SSC will not be obvious to the passerby or guest who visits
the SSC site after its completion in 1996. The focal point on the the surface of the site
will be the campus complex. This complex will have the appearance of a moderate-sized
research center. It will consist of a central office building, an auditorium, and various
support and industrial buildings. Some 3,000 scientists, engineers, technicians, and
administrative staff will work at the SSC facility. Included will be 500 visiting scientists
taking part in research projects.

The heart of the SSC, an oval-shaped tunnel 85 km (53 mi) in circumference and
about 3 m (10 ft) in inside diameter, will be buried under the site. The centerline will be
at least 11 m (35 ft) underground. Approximately every 8 km (5 mi) around the ring, a
cluster of surface buildings will mark the location of a service area containing
refrigerators, helium compressors, power supplies, support facilities, and points of
access. Small buildings enclosing access shafts to the collider tunnel will be located
midway between adjacent service areas. Figure 2.1 shows a simplified schematic layout
of the SSC complex.

The SSC is designed to accelerate beams of protons in opposite directions around
the underground ring and direct the beams to collide with each other at specific locations
where experimental areas are located. There, complex instruments will record a
multitude of parameters during those collisions. The information so collected will
constitute the raw data for the studies being conducted.

Other underground tunnels will house an injector system, consisting of a series
(cascade) of accelerators, each more powerful than the preceding one. The protons will
start their trip around the ring at a modest energy level. They will be accelerated part
way by the first accelerator, transferred to the next machine, and so on to their ultimate
destination, the collider ring. The part of the cascade up to the collider ring is usually
called the injector, even though each component of the cascade is an accelerator in its
own right.

2.2 DESCRIPTION OF THE SSC

As described in the Conceptual Design Report, the SSC will consist of five basic
components: (1) an injector complex of four cascaded accelerators in which protons will
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clusters) (Source: Ref. 1)



be accelerated from rest to about 1 TeV; (2) the collider ring, in which dual beams of
protons each will be accelerated to 20 TeV and then stored; (3) the experimental areas
containing the particle detectors; (4) the campus/laboratory areas; and (5) the site
infrastructure, consisting of roads and utilities.

</-•

2.2.1 Injector Facility

The SSC injector (see Fig. 2.2) will consist of four separate accelerators — a
linear accelerator (linac), a low-energy booster (LEB), a medium-energy booster (MEB),
and a high-energy booster (HEB) — each accelerating the protons to ever higher energies
while maintaining a bunched beam structure. The injector will be close to the campus/
laboratory area. Two prime performance objectives have been established for the SSC
injector: (1) its final energy must match the lowest energy permitted by the magnetic
field of the collider ring and (2) its beam must have a concentrated high flux of protons
to achieve the specified interaction rates in the collider ring.

The first step of the injection system will be the 150-m (500-ft) long linac, in
which the protons will be generated in an ion source and accelerated from rest to an
energy of 0.6 GeV. From the linac, the protons will be transported through a beam pipe
into the LEB, which is designed to raise the energy of the protons to 7 GeV. The LEB,
which will be about 2S0 m (820 ft) in circumference, will utilize conventional magnets to
increase the energy level of the protons. The next step of the injection process will be
the MEB. The MEB will form a separate ring about 1.9 km (1.2 mi) in circumference. In
that ring, conventional magnets will raise the energy level of the protons to
approximately 100 GeV.

The final injector step will be the HEB, which will boost the energy level to
1,000 GeV, or 1 TeV, the minimum necessary for injection of the protons into the collider
ring. The HEB itself will be an accelerator of impressive proportions, approximately
6 km (4 mi) in circumference. It will use superconducting magnets cooled by liquid
helium in a system similar to that employed in the collider.

The conventional facilities of the injector complex will include buildings and
enclosures for the linac, the LEB, and the MEB and the tunnel for the HEB. Features will
include six power-supply buildings, one building for the refrigeration system, two
injection areas, and other technical areas.

2.2.2 Collider Ring

The most important construction feature of the SSC will be the underground
collider ring. In the most convenient accelerator designs, the collider ring lies in a
horizontal plane. For the SSC, the collider tunnel will be allowed to vary from the
horizontal plane (not more than 0.5°) to accommodate a possible slope at hypothetical
sites.

Two rings of superconducting magnets, each consisting of bending (dipole) and
focusing (quadrupole) magnets, will be situated in the tunnel. These magnets will steer
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and confine the two proton beams along approximately oval orbits. The bunches of 1-TeV
protons received from the HEB will be apportioned between the two collider rings and
accelerated in opposite directions. For most of the circumference, the two beams will
travel in separate, parallel vacuum chambers, one above the other. At the interaction
points, the counterrotating beams, having been focused to less than one-thousandth of an
inch in transverse dimensions, can be brought into collision. The two beams will be
directed to collide in the heart of the particle detectors, which will surround the beams
at the interaction points. The interaction points at which the beams intersect will be



grouped in two zones called clusters. In the present design, two special utility regions
for beam injection, extraction, and abort will be included in one of the clusters.

The collider ring will contain a number of support structures and facilities of
conventional design. Included will be 10 sets of buildings, nearly uniformly spaced around
the collider ring, to house the services needed for refrigerators, compressors, and power
supplies (Fig. 2.3). Additional structures will be provided for intermediate access,
injection/extraction equipment, and radio-frequency power supplies for acceleration.

2.2.3 Experimental Areas

The experimental areas containing the particle detectors will surround the
interaction points and will be located in two regions clustered diametrically opposite
each other on the collider ring circumference. Each developed experimental area will
have surface structures and underground enclosures. The collision hall and the access
hall enclosures will be located underground at the beam level. The symmetrical design of
the detector will require that the beams enter the halls about halfway up the walls. In
detail, each hall may have a unique design in order to adapt it to local site conditions and

COMPRESSOR BUILDING -me?-
COOLING TOWER

TUNNEL

TUNNEL TRANSFORMER

FIGURE 2.3 Service Area Showing Refrigerator and Service Building (left) with
Connecting Access Shaft to Collider Ring Tunnel (also shown [to the right] are the
compressor building and cryogenic storage yard) (Source: Provided by SSC Central
Design Group)



to its intended use. Recent considerations indicate that one or more of the halls may be
as large as 49 m (160 ft) long by 37 m (120 ft) wide (single span) and 40 tn (130 ft) high.

A subterranean access hall at each experimental area will provide assembly areas
for experimentalists. Because of the large number and enormous weight of detector
components, a thick concrete floor with steel plate will be used in both the collision and
access halls to support the heavy loads.

In a typical arrangement, a staging building at ground level above the access hall
will provide space for the experimental teams to make subassemblies of experimental
apparatus and to maintain and operate equipment. The building will contain workshops,
offices, a light-duty laboratory, and rooms for electronics and computers. An overhead
crane in the staging hall will permit work at either the staging level or the access hall
below. Figure 2.4 is a cutaway illustration of such an experimental facility. The details
of the configuration will depend on local site conditions and the actual depth of the
collider tunnel.

2.2.4 Campus Area

The campus complex for the SSC may consist of 15 or more buildings clustered in
four major groups — central laboratory building and auditorium, industrial buildings,
warehouses, and auxiliary support buildings. Figure 2.5 is a diagram of a possible campus
plan.

The central laboratory building will provide office and laboratory space for
administrative and technical personnel. One building might contain all of the major
offices of the facility and light laboratories for the development and testing of
electronic components. It could also include accelerator control rooms, an auditorium,
libraries, computing facilities, a main cafeteria, a series of conference rooms,, and a
small infirmary for emergency medical needs.

Industrial buildings will house limited component assembly activities, various
workshops, and associated offices. Warehouses will serve as receiving and storage
facilities. The auxiliary support buildings — fire, rescue, site patrol, visitor services, and
vehicle storage — will serve the entire SSC complex.

2.2.5 Site Infrastructure

Adjacent to the campus area will be one of the two main electrical substations,
consisting o? incoming high-voltage electrical service, transformers, switch gear, and
distribution systems. The second substation will be located on the far side of the ring.
Water treatment facilities will be provided for processing the water used for the SSC.
Easements for utilities, including fuel and water treatment systems, will be needed. A
road network will be needed for access to the campus, injector, and experimental areas;
to connect the cluster regions; and to provide access to the service areas and access
points located around the 85-km (53-mi) ring and in the beam absorber areas. Existing
roads will be used to tha extent practicable.
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FIGURE 2.4 Experimental Area Looking Outward from Collider Ring
Center (collision hall is in foreground aligned with collider tunnel;
assembly hall with staging building is beyond) (Source: Ref. 1)
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(Source: Ref. 1)



12

3 RADIOACTIVATION AND SOURCE INVENTORIES

3.1 BACKGROUND

Over the 25 years of SSC operation, some of the components will be exposed
either directly to the high-energy proton beams or indirectly to the secondary particles
produced by the proton collisions. Such exposure will transfer energy from the incoming
particles to atomic nuclei in the absorbing material and thus cause some materials in
these components to become radioactive. This phenomenon is known as induced
radioactivation. Although the residual radioactivity thus produced will not pose serious
problems at the time the SSC is shut down, it will warrant special attention during
decommissioning.

Much of the induced radioactivity will be rapidly reduced through radioactive
decay, a natural process by which radioactive isotopes are transformed into stable,
nonradioactive material. The rate of radioactive decay of an isotope usually is measured
in '.erms of its half-life — the time required for one-half of the radioactive material to
be transformed into nonradioactive forms.

The half-lives of most radioactivated nuclei in an accelerator are relatively
short. For instance, the dominant isotopes that are usually expected from radio-
activation in high-energy accelerators include 3H, Z2Na, 5*Mn, and 'Be, whose half-lives
are generally about 12 yr or less.

Radioactivation by high-energy particles has been extensively discussed by
Barbier,2 with methods summarized by Thomas et al. Calculations of the radioac-
tivation of SSC components were first presented in the SSC Central Design Group's
Report of the Task Force on the SSC Environmental Shielding. Additional calculations
were presented in the Report of the Task Force on Radioactivation.5 Much of the
information presented in this section is from those reports.

3.2 RADIOACTIVATION IN MAJOR COMPONENTS

Major components of the SSC that may have significant residual radioactivity
when the facility is shut down have been identified as the beam absorbers, some beam
transfer elements of the injection system, a small fraction of apparatus in the
interaction regions, and regions near beam cleanup devices. Substantially less activity
will be present in the superconducting magnets in the storage rings and in other
miscellaneous components (such as cables and piping). These items are discussed below.

Conservative operating parameters were used in the two task force reports in
estimating the radioactivation levels expected in the various components. The stored
beam intensity in the collider rings was assumed to be about three times greater than the
present design value, which would yield a luminosity of 10 cm" s"1 (which is 10 times
the design value). The following beam parameters were assumed:
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• A maximum of 4 x 10 protons stored in each of the rings per fill,

• A total of 2 x 1017 protons (500 fills) accelerated to 20 TeV in each
collider ring per year,

• A maximum of 109 interactions per second at an interaction region.

3.2.1 Beam Absorbers

The main accelerator of the SSC will have a regular cycle of operation: injection
of the proton beams, acceleration of the beams to 20 TeV, and storage of colliding
beams. At the end of a cycle, when collisions over many hours have sufficiently
degraded the beam quality, the cycle will be terminated by using an extraction system to
discharge the beam into a specially designed facility called a beam absorber. A beam
absorber is designed to absorb the large amount of discharged energy (up to 1.2 GJ) and
to prevent the activation of the soil surrounding the absorber area. There will be one
beam absorber for each of the two storage rings.

A schematic view of a beam absorber for the SSC is shown in Fig. 3.1. It is
conceptually similar to, although larger than, beam absorbers at many other
accelerators. The beam that strikes the absorber will be dispersed by magnets or other
defocusinf devices to decrease the energy density. The beam energy will be absorbed in
graphite plates contained in a water-cooled aluminum structure. This structure will in
turn be surrounded by iron and concrete. A waterproof layer will surround the concrete
to prevent leaching of tritium (radioactive hydrogen, or H) in the graphite core. The
inner surrounding structures will become radioactivated as a result of irradiation by
incident protons.

Graphite has been selected as a primary energy-absorbing medium for the core of
the beam absorber because of its high melting point. Also, because of the low atomic
number of graphite, only a few types of by-product radionuclei, such as H and 7Be,
could be produced. The media (aluminum, iron, and concrete) surrounding the graphite
core are designed to contain the penetrating radiation.

The beam absorber will contain the largest amount of radioactivity induced at
the SSC. At shutdown, each absorber will contain about 160 curies (Ci) of *H, 110 Ci of
7Be, and 50 Ci of 22Na. The specific activity of 3H will be 24 microcuries per gram
(uCi/g) in the graphite core.

3.2.2 injection System

The areas within the SSC injection complex that may become activated are
limited to the injection/extraction points between the various accelerators and the beam
absorbers associated with each accelerator (see Fig. 2.2 in Sec. 2.2.1). The points of
potential activation in the LEB will be in the extraction area from the LEB into the MEB
and the LEB internal beam absorber. Some of the equipment in these regions may also
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become activated. It h/is been calculated that the isotopes responsible for long-lived
activity in the LEB wil] be predominantly Mn and various cobalt isotopes. In. the
MEB, the areas of potential activation will be similar: the injection area from the LEB,
the extraction area to the HEB, and the internal beam absorber.

Because superconducting magnets will be used in the HEB (except near the
regions for injection from the MEB, extraction into the main rings or HEB beam
absorbers, and extraction for test beam targets), these magnets will undergo negligible
activation. Activation in the injection/extraction regions of the HEB will likely be less
than in the LEB or MEB.

In the present design, two beam absorbers will be necessary for the HEB because
protons must be injected in opposite directions into the main rings. Each absorber will be
similar in scale to the existing beam absorber at the Fermilab Tevatron. It is estimated
that the activation levels in these absorbers will not exceed 5% of those generated in the
beam absorbers of the main ring, as discussed in Sec. 3.2.1. This means that less than
10 Ci of 3H will be induced in each of the HEB beam absorbers.

The HEB also will be used to create low-intensity test beams for studies of
experimental apparatus.1 Beams extracted from the HEB will strike a target, creating
secondary beams. This procedure is similar to that now used to create secondary beams
at Fermilab. These beams will be used for testing apparatus. The system contains a
target and magnets to select the appropriate secondary particles and to absorb the
remnants of the primary beam. Four such systems may be used for this purpose at the
SSC. Although relatively high specific activities (i.e., about 0.2 pCi/g in target magnets
and up to l.S x 104 yCi/g in the targets) are expected in the test region, the total amount
of radioactivity will only be 2 Ci of Mn in the magnets and 0.15 Ci of 7Be (if beryllium
is used) in the targets. Both nudides have half-lives shorter than 1 yr; thus their
activities can be expected to decay rapidly with time.

3.2.3 Interaction Regions

The SSC initially will have four interaction regions where the proton beams will
collide. Two more interaction regions will be added later. The proton-proton (pp)
interactions that will occur in these regions will produce a large number ot secondary
particles capable of inducing radioactivity. The energy flow from the pp interactions
will be confined primarily to a small angle from the beam axis.

A magnet-protection device, called a protection collimator, will be located in
front of the first interaction-region focusing magnet (quadrupole) (Fig. 3.2) to prevent it
from being heated by the scattered beams. Other collimators will be used to clean up
the secondary particles from the beam that passes through the first quadrupole and is
scattered by the first collimator. The protection collimator will absorb approximately
2,500 GeV per pp interaction event and will be much more activated (about 2.5 uCi/g)
than the other collimators in the interaction regions (on the order of 6 x 10""* uCi/g).
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FIGURE 3.2 Layout of a Typical High-Luminosity Intersection Region QP = inter-
action point, Q = quadrupole, QV = vertical quadmpole, BV = vertical bending
dipole) (Source: Modified from Ref. 1)

A side view of a typical large detector at the SSC is shown in Fig. 3.3. Such a
detector consists of a large central component covering the angular region greater than
about 5°, a forward piece covering from 1° to 5°, and the protection collimator. Since
the detector is designed to absorb the energy emitted in the pp interactions, only the
inner layer (approximately 1 m [3 ft] thick) will undergo activation. No significant
particle energy would penetrate beyond this thickness.

3.2.4 Beam Cleanup Regions

The beam cleanup regions in the SSC storage rings will consist of abort channel
collimators and horizontal and vertical scrapers, which are devices to clean up the
degraded beam particles. The precise activation of the collimators will depend on the
operational characteristics of the SSC and is difficult to predict. However, it is
estimated that the first collimator may absorb up to 10 protons per year at 20 TeV,
becoming radioactive at a level of 0.6 yCi/g. The second collimator might absorb
5 x 1013 protons per year at 20 TeV equivalent energy, becoming activated at a level of
0.25 yCi/g. The principal isotope responsible for the radioactivity in the collimators will
be 54Mn.

In each ring there will be two pairs of scrapers to clean up the beam in the
horizontal and vertical planes and a pair to clean up off-energy particles. These scrapers
will be adjustable. Such scrapers cannot remove more than about 5 x 10 protons per
second during continuous scraping, or the luminosity lifetime will be seriously degraded.
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FIGURE 3.3 Side View of a Typical Large Detector for the SSC (Source: Ref. S)

During the injection process, that is while the beam energy is about 1 TeV, more beam
may be scraped. For purposes of analysis, it can be assumed that a scraper will remove
as many as 5 x 1014 protons per year at 20 TeV equivalent energy. The resulting
activation will be primarily from 5*Mn, and possibly " Co if stainless steel is used for
these scrapers. The activation level in the scrapers will be on the order of 0.25 uCi/g.

In the vicinity of the beam cleanup scrapers and the abort channel collimators,
concrete in the tunnel walls and nearby machine components (e.g., vacuum pipes, cables)
may also become activated. In these areas, the activation level will be only a few
picocuries per gram. Information on such activation has been taken from the experience
of decommissioning a main ring abort at Fermilab.

3.2.5 Superconducting Magnets in the Storage Ring

The SSC storage ring will have about 10,000 superconducting magnets that will
contain and focus the circulating proton beams. Some of these magnets will be subject
to induced radioactivation during system operation.
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During normal operation in the storage ring mode, protons will be lost from the
circulating beam as a result of interactions with residual gas around the ring and from pp
interactions at the collision points. The rest of the particles produced in the pp
interactions will be absorbed by experimental apparatus, by collimators, or by scrapers at
a few locations around the ring. The rest of the protons lost through beam-gas scattering
will be absorbed by the superconducting magnets, essentially in a uniform manner around
the storage ring. Approximately 4.7 x 1 0 " GeV/s will be lost around the ring. The
magnets will be composed primarily of iron and copper, and the predominant long-lived
isotopes responsible for residual radioactivity will be *4Mn and 6 0Co, with small amounts
of 5°Co, 58Co, and 51Cr. The estimated activation level in the magnets will be 7 x 10"4

wCi/g, with a total amount of radioactivity on the order of 40 Ci induced in the
super-conducting magnets.

The loss of 106 protons/cm-s or more into a superconducting magnet caused by
the failure of a beam to circulate on course (called beam loss) would be sufficient to
cause a quench of the nr.agnet, preventing operation of the storage ring for at least 2-3 h,
the time required to refill the rings. Obviously such losses must be avoided (by means of
stringent operation and maintenance procedures), and hence accidental beam losses will
make a negligible contribution to the activation of the superconducting magnets.

3.2.6 Radioacliyation of Other Components

A number of other, miscellaneous items may become somewhat radioactivated by
beam particles during SSC operations. These items would include some of the cables and
piping, vacuum pumps, racks, and shielding blocks located near scrapers or in injection
areas of the energy boosters. Although these are not major components of the SSC, they
nevertheless could constitute a considerable volume of low-level radioactive materials.
Activation levels of these components typically will be in the range of 1 0 - 1 0 uCi/g.
The radioaetiyation processes of these items will be similar to those discussied above for
the major components?' The principal isotopes will include ' Mn, °"Co, Na, and Be.
Precise calculation of the quantities and levels of such contamination is somewhat
difficult, but such information can be inferred from the 1984 decommissioning of a
60-GeV pp collider — the Intersecting Storage Rings (ISR) at the European Laboratory for
Particle Physics (CERN).6

3.3 SUMMARY OF SOURCE INVENTORIES

Source inventories of potentially radioactivated SSC components have been
compiled by the Task Force on Radioactivation at the SSC. The Task Force's study was
based in part on the use of existing computer codes (such as CASIM7 and MORSE8) and
on available cross-sectional data for high-energy elementary particles. When
calculations were not performed, the data were extrapolated from experience with
existing high-energy accelerators. Conservative basic design parameters were assumed
for the calculations. As previously noted, these parameters represented a beam current
three times greater than the present SSC design, thus allowing for possible future
upgrades in beam intensity. With beam exposure time expected to continue for perhaps
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several decades of operation at the SSC, most radioisotopes of interest will have attained
equilibrium at the time of decommissioning.

Radioactivation inventories are summarized in Table 3.1. The table contains
information on the material composition, mass, primary radionuclei, activity, and the
average induced specific activity for each major SSC component. The proton beam
exposure rate is also given for comparison. Activations at the injection system,
particularly those at the linac, LEB, and MEB, will be generally low. Some of the nuclear
properties of those primary nuclei identified in Table 3.1 are listed in Table 3.2.
Table 3.3 lists the radioactivation levels for miscellaneous items, such as electric cables
and water pipes.



TABLE 3.1 Summary of Source Inventories by Radioactivation in Major Components of the SSC

Component

INJECTION SYSTEM

Linac

LEB

HEB

HEB

Target system

magnet

Beryllium

target

Beam absorber8

No. of
Units

1

1

1

12

4

2

Average Beam
Exposure Rate
(protons/s) Material

Mass per
Unit (kg)

Primary
Nuclides*

Activity per
Unit (Ci)

Months Specific
after Activity
Shutdown ()Ci/g)

2 x 109

(1 TeV)

Iron

Iron

Iron

Iron/copper 4 x 10

Beryllium 1 x 10

Graphite

Aluminum

Iron

Concrete

-2

54,Mn

54Mn

54,Mn

54Mn

'Be

'Be

'Be
22Ha

51

52

56,

Cr

Kn

"Mn

Co

JH.
*5Ca, 5*Mn,

he. 22N.,

2.0

1.5 x 10

5.6

4.2

2.6

1.3

2.6

1.5 x 10

5 x 10

1.7 x 10

1.4

3 x 10

-1

-1

"1

,-1

-2

Negligible0

Negligible0

Negligible0

2.0 x 10"1

1,5 x 10*d

0
0

0

0

0

0

0

0

0

0

9.

7.

3.

7.

1

5

1

9
2

0

5

8

5

X

X

X

X

X

1.2
x 10"1

x lO"2

x 10"2

x 10"2

10"*

io-*
io-*
io-*
10-*

2 x 10"

60,Co



TABLE 3.1 (Cont'd)

Component

Average Beam
No. of Exposure Race
Units (protons/s) Haterial

Mass per
Unit (kg)

Priiaary
Nuclides"

Activity per
Unit (Ci)

Months Specific
after Activity

Shutdown (>Ci/g)

SUPERCONDUCTING 1 x

STORAGE RING

MAGNET

INTERACTION REGION 6

2.3 x 10B

(20 TeV)

3 x 109

(20 TeV)

Cooling water

Iron/copper 2.7 x 103 54,Hn

7 x 10-3

1.9 x
6.0 x

-3

,-4

4 x 10-3

0 7.0 x lO"'

0 2.3 x 10" 4

Protection

col 1imator
Iron 6 i 10' 54,Hn 2.5

Secondary
collimator

Several Iron 54Mn Negligible Negligible

BEAM CLEANUP

REGION

Abort channel
collimofnr I

Abort channel

collimator II

Beam scraper

Surrounding

structure

3 x 10 7

(20 TeV)

2 x 106

(20 TeV)

2 x 10 7

(20 TeV)

Iron

Iron

Iron

Concrete

54,Mn

*Mn

54Mn

'Be
22
5*l
60,

152

Na
'Mn

Co

Eu

1.5 x 10'1

1.5

5 x 10"

2.5 x 10"2

2.5 x 10-1

,-57.5 x 10

3.0 x 10~ 5

1.0 x 10

1.0 x 10

1.5 x 10

-5

-5

-5



TABLE 3.1 (Cont'd)

Component

Average Beam
No. of Exposure Rate
Units (protons/s) Material

Mass per
Unit (kg)

Primary
Nuclides8

Activity per
Unit (Ci)

Months Specific
after Activity
Shutdown

BEAM ABSORBER 6 x 109

(20 TeV)

Graphite 4.7 x 10

Aluminum

Iron

Concrete

3.4 x 10H

1.65 x 106

Cooling water 1.6 x 10

7Be

7Be
2 2Na

48V

51

52
Cr

Mn

56Co

3.5 x 105 3H, 7Be, 22Na,
« Ca,

60,Co

111

83

52

26

52

3

10

3.3

28

0.6

0.14

23,6

17,7

1.5

7.6 x 10'1

1.5

1.8 x 10

6.0 x 10

2.0 x 10

1.7 x 10

4.0 x 10

,-3

-3

-3

-2

i-4

3.0 x 10'5

8.8 x 10-2

to

aOnly long-lived isotopes are included.

b"-" indicates data not available.

cMajor points of activation are generally in the beam extraction areas; aceivat ion in the remainder of the magnets is negligible.

''BeryLlium could be considered as mixed waste if it is to be disposed of at decommissioning. However, with a half-life of only
53 days, it can be stored on the site for a few years until the radioactive content can decay to a safe level for disposal.

eIt was estimated in Ref. 6 that the radioactivity inventories at the HEB beam dump are about 5Z of those estimated for the SSC beam
dump.
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TABLE 3.2 Nuclear Properties of Principal Nuclei Created by Radio-
activation in Major SSC Components

Half-Life Type of Emission Emission Energy
Isotope (years) Radiation Fraction* (MeV)

3H

7Be

2 2Na

4 5Ca

48V

5 1Cr

52Mn

5«lfa

55F e

56Co

58Co

60Co

12.3

0.147

2.58

0.452

0.044

0.076

0.015

0.797

2.70

0.219

0.197

5.27

B"

Y

Y

Y2

s"

Yi

y .

Y

Y

Y2
Y,
Y4
Y5

Y

Y

Y

Y-
Y«
Y4
Yc
Yft

Y7

Y

Y2

y

Y2
B"

1.00

0.103

1.811
1.00

1.00

1.00
0.10
1.00
0.97

0.10

0.166
0.550
0.850
0.940
1.000

1.00

0.257

0.480
1.00
0.129
0.700
0.11
0.168
0.015

0.30
0.99

1.00
1.00

0.99

0.0185

0.478

0.511
1.275

0.257

0.511
0.945
0.983
1.312

0.320

0.0055
0.511
0.744
0.936
1.434

0.835

0.006

0.511
0.847
1.038
1.238
2.02
2.60
3.27

0.511
0.811

1.173
1.333

0.318

aGamma photons are shown when emission fractions are
greater than 10Z.
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TABLE 3.3 Specific Activity of Various Materials
from the CERN ISR Decommissioning*

Specific
Activity

Material (uCi/g)

Copper cable 1.3 x 10~3

Copper cable with PVC sheath - 2.7 x 10~*

Aluminum cable and bars 2.7 x 10

Vacuum chamber (stainless steel) 2.2 x 10

Heating tape 8.0 x 10~5

Heating jacket 3.1 x 10~3

Steel cable tray 4.6 x 10"^

Galvanized pipe 6.8 x 10

Inox water pipe 2.0 x 10

Steel plate (floor cover) 4.6 x 10"^

Split-field magnet iron core 1.6 x 10"^
(0-105 mm depth) to 4.1 x 10"5

Split-field magnet copper coil 1.4 x 10"^

Split-field magnet aluminum 2.7 x 10
plates

Concrete (floor) 2.7 x 10"6

Dust (dump area) 1.6 x 10

aSource: Ref. 6.
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4 DECOMMISSIONING PROCEDURES AND ENVIRONMENTAL
AND COST IMPLICATIONS

4.1 BACKGROUND

The purpose of this section is to evaluate potential technical problems and to
assess and scope the potential environmental and cost impacts of SSC decommissioning.
This is accomplished by examining a hypothetical decommissioning alternative selected
for the purposes of this report only. (An actual, detailed decommissioning plan for the
SSC would be developed at some future date and would then be subjected to complete
and detailed NEPA impact assessment.)

The principal goals considered in selecting the SSC decommissioning alternative
evaluated in this report include removal of contaminated materials, sealing the access
shafts, reusing the conventional facilities when feasible, and salvaging conventional and
technical equipment when feasible. As described in Sec. 4.2, a decommissioning
alternative that would appear to meet these goals was selected by examining the three
basic Nuclear Regulatory Commission decommissioning concepts that apply to any non-
fuel-cycle facility containing radioactive materials. These concepts are decontamination
(DECON), safe storage (SAFSTOR), and entombment (ENTOMB). These alternatives
share the objective of eventually returning a site/to unrestricted use following varying
decommissioning efforts at different stages of time. The general features of each of
these basic concepts are described below. Th^ relevance of these features to the SSC
decommissioning alternative used in this report/ is summarized in Sec. 4.2.

DECON is a permanent measure that entails a maximum initial expenditure with
no further costs. Under this alternative, a facility would be thoroughly decontam-
inated. The decontaminated facility could then be demolished (although demolition of
uncontaminated facilities might not be required), and the site could be returned to
unrestricted use. All radioactive and hazardous materials would be disposed of by
appropriate methods.

SAFSTOR is intended to minimize the initial decommissioning costs while
providing sufficient safeguards to ensure both confinement of radioactive materials and
security against intruders. It involves a basic decontamination of a facility, deactivation
of all systems and equipment not required for security and safety, and maintenance of
the facility for an interim care period. This interim care period eventually would be
followed by either the DECON or ENTOMB alternative. SAFSTOR could involve an
extended interim care period (e.g., 100 yr) during which radioactive decay would reduce
the radionuclide inventory. During this period, the cost of dismantling would be
deferred, worker radiation exposure would be decreased, and component reusability
would be increased. However, this alternative would restrict use of the property until
eventual implementation of a DECON or ENTOMB alternative.

ENTOMB is intended to place a facility in protective storage on a permanent
basis. It entails sealing radioactive materials within a structure that is designed to
maintain its integrity over a period of sufficient length to permit radioactivity to decay
to safe levels by natural processes. ENTOMB involves sealing all access to contaminated
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facilities and instituting permanent safeguard measures to bar possible intrusions without
surveillance.

4.2 SSC DECOMMISSIONING ALTERNATIVE

Factors relevant to selecting a decommissioning scenario for the SSC include the
following: (1) the radioactivity of the SSC will be limited to the underground facilities,
i.e., the collider ring areas, the injector complex, the interaction halls, and the beam
absorbers, (2) the radiation levels will be low, (3) the radiation present will involve a
variety of equipment and materials that may have potential for reuse, and (4) most of the
dominant isotopes that will be present do not have particularly long half-lives, the
limiting isotope being tritium with a half-life ot 12.3 yr.

In view of these factors, a certain degree of DECON would be required for the
SSC decommissioning. However, it would not be feasible to adopt the full DECON
concept because it would be impracticable to dispose of or decontaminate the large
volume of low-level radioactive materials present. The SAFSTOR alternative, although
feasible, would require continued custodial protection for an extended period. This would
prohibit an immediate return of the SSC site surface for unrestricted use. The ENTOMB
alternative, on the other hand, would forbid all potential reuse of the equipment and
materials left in the main ring tunnel after decommissioning. However, ENTOMB does
offer the attractive feature of leaving the huge underground facility of the SSC in place,
while allowing the site surface to be returned to unrestricted use.

Based on these considerations, a decommissioning scenario that appears
reasonable for fie SSC is a combination of DECON and El'TOMB. To satisfy the general
DOE guidelines, this combination of alternatives would have the following features:
(1) general decontamination of SSC facilities; (2) entombment of the underground
facilities and components, with provisions for future retrieval for reuse; (3) segregation
and disposal of wastes according to existing regulations (including excavation of the
radioactivated collider beam absorbers), (4) salvage of the aboveground facilities and
equipment, and (5) return of the site surface for unrestricted use. A basic framework of
this alternative for decommissioning of major SSC facilities is presented in Table 4.1. In
general, the radioactive components of the SSC (which are underground) would either be
entombed or removed for disposal. Such entombment, however, would be designed as an
interim measure. Future access would be made possible by use of removable seals for
the access shafts. The seals would be designed in such a way as to readily prevent casual
intrusions without surveillance, while also permitting future authorized removal for
access to the stored materials. The aboveground, uncontaminated facilities would either
be left in place or dismantled, depending on their salvage values and the anticipated
future use of the site. The site might be released for unrestricted use.

Currently, few regulations are explicitly applicable to SSC decommissioning.
Some of the potentially applicable regulations are discussed in App. A.
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TABLE 4.1 Procedures for the Decommissioning of Major SSC Facilities
and Components

Faci1i ty/Component

Injector Complex

Linac

LEB

MEB

HEB

HEB beam absorbers

Collider Tunnel

Tunnel structure

Collider magnets

Other ancillary
equipment

Interaction Regions

Experimental
apparatus and
equipment

Experimental
area

Beam Absorbers

Decommissioning
Action

Entomb

Entomb

Entomb

Entomb

Remove to
low-level
disposal site

Entomb

Entomb

Entomb

Remove

Entomb

Remove to
low-level
disposal site

Decommissioning
Procedures

Close and secure equipment hatch
and exit/ventilation shafts

Close and secure exit/ventilation
shafts

Close and secure exit/ventilation
shafts

Close and secure exit/ventilation
shafts

Remove beam absorbers; remove
radioactive cooling water; close
absorber areas

Identify and decontaminate any hot
spots; close and seal tunnel
access ways

Identify and decontaminate any hot
spots

Identify and decontaminate any hot
hot spots

Equipment and supplies assumed to
have been scavenged by experi-
mentalists prior to SSC
dec ommis s i oni ng

Decontaminate the experimental
areas if needed; segregate and
remove hazardous and radioactive
wastes; seal access ways

Remove the beam absorbers; remove
radioactive cooling water; close
absorber areas
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Facility/Component
Decommissioning

Action
Decommissioning

Procedures

Campus Compi ex

Central laboratory
building and
auditorium

Industrial
buildings

Warehouses

Auxiliary support
buildings

Support Areas3

Service buildings

Compressor buildings

Cooling towers

Helium inventories,
transformers, air
separation plant,
and other outdoor
facilities and
equipment

Utility substations
and water treat-
ment facilities

Leave in place

Leave in place

Leave in place

Leave in place

Dismantle and
remove

Dismantle and
remove

Dismantle and
remove

Salvage and
store

Dismantle and
remove or
leave in
placeb

Clean up and remove contents,
release for unrestricted use

Clean up and remove contents,
release for unrestricted use

Clean up and remove contents,
release for unrestricted use

Clean up and remove contents,
release for unrestricted use

Remove building interiors; demolish
the building; remove concrete
pads, foundations, and building
debris; close building shaft
leading to main ring tunnel

Remove building interiors; demolish
building; remove concrete pads,
foundations and building debris

Demolish tower structure; remove
concrete foundations and
structure debris

Transfer and store salvageable
contents; remove remaining tanks
and structures

Transfer and store salvageable
contents; remove concrete
foundations and debris.

aTen service areas will be distributed around the SSC collider and one
more will be associated with the HEB. These areas will provide services
needed for refrigerators, compressors, power supplies, and other utilities
and equipment.

The water treatment system would be left in place to service the main campus
area for future users of the site.
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4.3 DECOMMISSIONING ACTIVITIES

This section discusses specific activities that would be associated with the
decommissioning of major SSC facilities, as outlined in Table 4.1. The discussion focuses
on those facilities for which dismantlement or entombment (with provisions for future
access) is applied. Activities that might involve radioactive materials or worker
exposure to radioactivity would be (1) removal of accumulated wastes, (2) cleanup of
experimental areas, (3) cleanup of radioactivated areas along the beam lines, (4) securing
of beam absorbers, and (5) closure of tunnel access ways. The remaining activities,
including dismantling the service areas and removing utility stations, would not involve
radioactive materials.

4.3.1 Removal of Wastes Accumulated Above Ground

The actual amount of hazardous and radioactive wastes accumulated at the SSC
during operation and present at final shutdown would depend upon the operating
procedures established by the SSC management and DOE. For the purpose of this report
it is assumed that the amounts of radioactive and hazardous wastes present in
aboveground retrievable storage at the time of final shutdown would be equal to the
average annual production of such materials during SSC operation. These amounts are
discussed below.

4.3.1.1 Radioactive Wastes

All of the radioactive wastes generated during normal operation of the SSC
would be in the low-level, Class A waste category as specified in the Code of Federal
Regulations, Title 10, Part 61 (10 CFR Part 61). Typically, these wastes would consist of
cables, machine elements (e.g., pieces of vacuum pipe), elements of the detectors, and
some of the shielding concrete that would be dismantled but have no practical reuse
potential. Such wastes would likely be disposed of off the site as low-level radioactive
waste.

Based on the experience at the major operating accelerators, the average amount
of low-level waste projected for the SSC is on the order of 220 m* (8,000 ft*) per year,
with an average activity of 10 Ci.10 This material would weigh about 90 t (100 tons).
The current experience at Fermilab with the implementation of an effective volume-
reduction program indicates that these projected values of the low-level waste for the
SSC may be reduced by a factor of 10.

4.3.1.2 Hazardous Wastes

Typical hazardous wastes generated at the SSC would include solvents, oils,
laboratory chemicals (such as those used in developing film and printing photographs),
and other common chemicals (such as those used in a medical clinic, acids and bases from
such activities as magnet fabrication and etching of PC boards for electronics, and
residues of normal facility and vehicle maintenance activities). The total volume of
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these wastes, again projecting from the experience at currently operating accelerators,
would be on the order of 40 m3 (10,000 gal) per year. These wastes would be treated,
stored, and disposed of in accordance with the Resource Conservation and Recovery Act
(40 CFR Part 260 et seq.).

Mixed wastes consist of a radioactive component and a hazardous component.
Only small quantities (less than 1 m3 [35 ft3] per year) of such wastes have been
generated during accelerator operation at Fermilab. In the past, mixed waste at
Fermilab has consisted of irradiated polychlorinated biphenyls (PCBs) and irradiated
lead/acid battery packs from emergency lights in the accelerator tunnel. Currently, this
mixed waste consists entirely of the lead/acid battery packs, which are being scrapped at
a rate of four per year, amounting to a volume of approximately 0.1 m3 (3.5 ft3) per
year. So PCBs will be used at the SSC, and newer models of emergency lights will allow
placement of the battery packs outside the radiation zone of the tunnel, so this source of
mixed waste will be eliminated in the near future.

It is conceivable that at some future time, it may be important for the SSC
experimental program to use hazardous material in a radiation environment, in which
case some mixed waste could be generated. Furthermore, it is also conceivable that
some material that is not now formally classified as hazardous will be so classified in the
future, and it is possible that such material would be activated to produce mixed waste.
If either of these situations should develop, such waste would be disposed of in
accordance with the laws and guidelines in affect at the time of disposal.

Waste management activities prior to the final shutdown of the collider would
include inventory of hazardous and radioactive material and maintenance of records of
transfers of such materials. Shipping records of experimental equipment and of
hazardous and radioactive substances would be maintained.

4.3.2 Decommissioning the Collision Halls

The SSC would contain six collision halls at the time of decommissioning. It is
assumed that the experimental areas would have been scavenged and that equipment and
miscellaneous supplies would have been removed before decommissioning is begun. The
remaining wastes would be categorized as conventional (garbage), low-level, radioactive,
or hazardous, and each type would be disposed of by methods similar to those discussed in
Sees. 4.3.1.1 and 4.3.1.2.

Up to 6,400 t (7,000 tons) of portable concrete shielding would be required in the
collision hall area. At the time of decommissioning, some of this concrete could have
low activation levels, on the order of a few picocuries per gram (pCi/g). This induced
activity would be present throughout the entire concrete wall, not just the surface
layers. Therefore, surface scarfing would not be an appropriate decontamination
procedure. Depending upon the exact configuration and future use of the SSC site after
decommissioning, this concrete could be left in place or removed for use in other
accelerator facilities or for disposal as low-level radioactive waste. In the
decommissioning option evaluated here, it would be removed for either purpose.
Thousands of metric tons of portable lead and other shielding, all in a form that could be
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readily reused at other facilities, also would be present. Any shielding remaining after
scavenging would be surveyed for radioactivity and either be reused or classified as
radioactive waste and disposed of accordingly. Radiological hazards associated with
removal of this shielding are expected to be negligible. Following the removal of the
shielding materials, the tunnel access ways in the collision halls would be sealed, and the
rest of the structure would be entombed.

4.3.3 Cleanup of Radioactive Areas along the Beam Lines

As discussed in Sec. 3, some of the magnets and other components of the under-
ground system could become slightly radioactive. For practical purposes, the many large
magnets (about 10,000 units, each weighing 2.7 tons) would be left entombed.

The regions that would be struck by the largest quantity of proton beam are the
injection and extraction (redirection) areas for the main ring. The specific activity at
these areas would be about 10-10 uCi/g. This level is not significantly radioactive,
and the materials so affected would not be removed as part of this decommissioning
scenario. It is anticipated that in any areas of beam loss, the concrete of the tunnel may
become somewhat radioactive. However, the radiation dose rate at the surface of the
concrete would generally be low (less than 1 mrem/h) and often would not be measurable
above background. No loose contamination is anticipated on the tunnel concrete.
Currently there are no plans to use portable shielding in the tunnels; however, if any such
shielding is present at final shutdown, it would be left in place.

4.3.4 Decommissioning Collider Ring Beam Absorbers

The collider ring beam absorbers (Fig. 3.2) would receive up to 2 x 10 protons
per year, and thus would be among the more radioactive components of the SSC at
decommissioning (see Table 3.1). Each beam absorber would contain a total of about
160 Ci of tritium at the time of decommissioning, with the average tritium specific
activity reaching 24 uCi/g at the graphite core. Because of the presence of this amount
of tritium, all the absorber materials would be removed for disposal.

The most radioactive water to be dealt with at final shutdown would be that
from the closed-loop coolant system for the beam absorbers. The primary radionuclide
produced in the water would be tritium (12.3~yr half-life); all other radionuclides would
be so short-lived that storage for a short period (e.g., 5 yr) in a buffering tank in the
circuit would provide sufficient time for them to decay to innocuous levels. As discussed
in Sec. 3, for a worst-case scenario the activity of tritium in the closed-loop absorber
water is estimated to be at most 8.8 x 10 pCi/mL. It is estimated that there would be
at most 1,600 L (420 gal) of this water. All the radioactive water removed during
decommissioning would be passed through mixed-bed resins to remove any remaining
Be. The remaining tritiated water would then be used as a wetting agent for

solidification of low-level wastes for off-site disposal.
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4.3.5 Decommissioning the injector System

Under this decommissioning scenario, all the energy boosters (linac, LEB, MEB,
and HEB) would either be scavenged for reuse elsewhere or be entombed. Therefore, the
major decommissioning effort for the injector system would be sealing the access ways
to each of the accelerator tunnels. Surface structures, however, would be left in place
for future reuse. Another possible decommissioning task would be disposal of the HEB
beam dumps and the radioactive water in the injector coolant system. These tasks are
discussed below.

4.3.5.1 Linac

Three access points to the linac tunnel will be located in the 150-m (500-ft) linac
building. One will be an equipment hatch measuring 2 by 13 m (6 by 42 ft). The other
two tunnel access points will be 5-m (15~ft) diameter exit/ventilation shafts. Between
the cessation of SSC operations and completion of shutdown activities, access to the
equipment hatch and the two exit/ventilation shafts would be maintained. Once
shutdown activities were concluded, the equipment hatch and doors at the bottom of the
two shafts could be secured with hasps and locks. This would preclude any use of the
linac machine unless it had been scavenged and removed as part of shutdown activities.

Another option for sealing access to the tunnel would be to cover the equipment
hatch and two shafts with metal grid-shaped fixtures. The covers and openings could be
engineered so as to maintain a flat, unobstructed floor surface, enhance the security of
the linac tunnel, and protect the safety of any occupants of the surface building.

If it was decided that the linac was to be used in the same location for medical
or educational purposes following SSC shutdown, the equipment hatch and the two
exit/ventilation shafts would be left open, and the access to the LEB would be sealed.

4.3.5.2 LEB

The LEB building will have five enclosures to provide for personnel and support
system access to the LEB tunnel. One enclosure will have a 5-m (15-ft) diameter
exit/ventilation shaft. Another will have a 5-m (15-ft) diameter exit/ventilation shaft, a
2- by 7-m (6- by 24-ft) equipment hatch, and two 0.8-m (2.5-ft) duct banks leading to the
LEB tunnel. The other three buildings will be power-system enclosures and will not have
any exit/ventilation shafts. Upon SSC decommissioning, the shafts and equipment hatch
would be covered and locked to secure the LEB tunnel. A metal grid-shaped fixture
could be put over each shaft and locked in place.

4.3.5.3 MEB

The MEB building will have six equally spaced enclosures for personnel access
and piping. One of the enclosures will have one 5-m (15-ft) diameter exit/ventilation
shaft, one 2- by 7-m (6- by 24-ft) equipment hatch, and two duct banks. The rest of the
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enclosures will each have one 5-m (15-ft) exit/ventilation shaft. Each of the six shafts
would be covered and secured to deny access to the MEB tunnel.

4.3.5.4 HEB

A total of six shafts will provide access to the HEB — five of the 5-m (15-ft)
diameter exit/ventilation shafts and one 9-m (30-ft) diameter refrigeration shaft. All
the shafts would be sealed to prevent access to the HEB tunnel. (The refrigeration shaft
would be closed as part of the ring closure.)

The HEB beam absorbers would also be removed in a similar fashion as the
collider ring beam absorbers (see Sec. 4.3.4). Based on the assumption that the induced
radioactivity levels in the HEB beam absorbers would be about 5% of those of the
collider beam absorbers, the estimated amount of tritium in one HEB beam absorber is
8Ci.

4.3.5.5 Injector Coolant System

A small quantity of tritiated water would be generated in the injector coolant
system during operation. The total volume of the system is assumed to be about 200 m
(60,009 gal), similar to the volume generated at Fermilab during operation of the
Tevatron. The tritium content of the water at Fermilab is less than 20 pCi/mL, including
coolant, water from the nonsuperconducting main ring. Three of the major SSC injector
components (the linac, LEB, and MEB) will have separate coolant systems, and the HEB
will be superconducting (and thus not water-cooled). The activity levels of H in the
injector coolant water systems will be well below 20 pCi/mL, which is the existing EPA
limit for drinking water. The isotopes 11C, 15O, and 13N will be present in the coolant
water at about the same concentration as tritium. Because these isotopes have short
half-lives, they would not present significant problems upon decommissioning. The Be
generated during operation would be routinely removed by passing the water through
mixed-bed resins during operation.

4.3.6 Decommissioning Service Areas

Ten aboveground service areas will provide refrigeration, cryogenic, and
electrical power supply services for the main ring, and an almost identical area will be
located at the HEB site. Each service area will include a service building for
refrigeration and power supply and a compressor building for pumps and compressors.
Two of the ring service areas also will include a cryogenic liquefaction plant. The
buildings will be slightly larger at these two service areas than at the nine others. Each
area will have 10 tanks for storage of helium gas (1,700 m [60,000 scf] each), 1 tank for
liquid nitrogen (75 m3 [20,000 gal]), and 2 tanks for liquid helium (110 m3 [30,000 gal]
each). In addition, each area will have cooling towers, transformers, and other support
equipment.
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Because these service areas will be isolated around the perimeter, it is unlikely
that they would be needed by any future users of the property. Therefore, all the service
and compressor buildings probably would be dismantled and removed during decom-
missioning. This would involve salvage of the helium inventory; removal and storage of
reusable equipment; disassembly and removal of the buildings, cooling towers, storage
tanks, transformer concrete pads, fencing, pipes, valves, fittings, wiring, and
miscellaneous appurtenances; and closure of access shafts to the tunnel.

4.3.6.1 Salvage of Helium Inventory

The initial activity for decommissioning of the service areas would be transfer of
both gaseous and liquid helium from the tank farms into tank-trucks for removal from
the site. The helium containers would also be removed.

4.3.6.2 Removal of Support Structures and Buildings

The service and compressor buildings first would be cleared of compressors,
refrigerators, power supplies, pumps, panel boards, controls, pipe, values and fittings,
localized circuit breakers, and other such items. These items would be available for
salvage. Next, the buildings would be demolished or dismantled, and the concrete pads
and foundations would be broken up and removed.

The air-separation plants at the near and far cluster service areas would be
removed, along with cold-boxes, dewars, heat exchangers, and other items of
equipment. Storage for the nitrogen inventory would be removed at the same time.
Cooling towers at each location would be removed and disposed of, and concrete bases
would be demolished. The various decommissioning tasks (equipment removal, building
razing, concrete removal) would be performed concurrently at the 11 service areas.

4.3.6.3 Transport and Storage of Reusable Materials

It is contemplated that the pumps, compressors, refrigerators, and other reusable
equipment from the service areas and power supply sites would be disconnected and
moved to a central storage area for ultimate sale or other disposition.

During this operation, any oil in outdoor transformers would be drained into tank-
trucks for disposal. An estimated 280 m3 (73,800 gal) of such oil would be shipped to a
refiner. For this evaluation it has been assumed that the oil in the transformers would
not include hazardous materials, such as PCBs. Once drained of oil, the transformers
would be moved (as units when possible) to the central storage area for salvageable
equipment. Finally, the concrete pads, fencing, and other facilities at the transformer
sites would be removed.
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4.3.6.4 Removal of Excess Electrical Power Supply Leads

Operation of the SSC will require a large electrical power supply for use around
the ring and at the various clusters. Most of the electrical power needed during SSC
operation most likely would not be needed by any potential users of the site following
facility decommissioning. Therefore, most of the power supply leads would be removed
during decommissioning operations. Only the main leads from the utility and those leads
needed to supply power to the campus complex and other facilities remaining after site
decommissioning would be left in place.

4.3.6.5 Transport and Disposal of Nonsalvageable Materials and Debris

It is anticipated that the debris and nonsalvageable materials from the service
and compressor buildings, the broken concrete from transformer pads, and the dismantled
cooling tower installations would be transported off-site for disposal. None of this
material would be hazardous or radioactive.

4.3.6.6 Closure of Tunnel Access Ways

Each of the service areas around the collider ring will have a shaft providing
routine access to and from the collider tunnel. Each of these shafts will be about 9 m
(30 ft) in diameter. After removal of the service buildings, each of these shafts would be
sealed, surfaced over, and covered with at least 1 m (3 ft) of earth.

4.3.7 Decommissioning Utility Substations

The SSC site will have two main electrical substations and a water-treatment
system. Upon decommissioning, both electrical substations would be dismantled and
removed. Procedures for decommissioning the two substations would be similar to those
discussed in Sec. 4.3.6 for the service areas. Most of the equipment, including
transformers, switch gears, and similar items, would be salvaged and stored. The
buildings and and other structures at the sites would then be dismantled and removed.

The water-treatment system would be left in place for future users of the
decommissioned site.

4.4 ENVIRONMENTAL AND COST IMPLICATIONS

Discussion of the environmental implications for the SSC decommissioning
presented here is limited to radiological issues. Decommissioning cost estimates do not
include the costs of activities extending beyond the site boundary, such as transporting
wastes to off-site disposal areas. These issues would be addressed in an EIS prepared
prior to the actual decommissioning activities.
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Table 4.2 summarizes the estimated costs and radiological impacts associated
with the SSC decommissioning activities based on the CDG design and the decommis-
sioning scenario outlined in Sec. 4.2. Particular issues relative to these impacts are
discussed in the following subsections, and the basis of the cost estimates is presented in
App. B.

4 4.1 Radiological Impacts

Removal of the two collider beam absorbers would be the most radiologically
significant decommissioning task, and even this task would result in a relatively small
radiological impact. Removal of a beam absorber might require about two weeks of
effort by a crew of about eight people receiving a total radiation dose of up to 2 person-
rem. Removal of both absorbers would therefore incur a total dose of up to 4 person-
rem. These estimated occupational doses are well within the regulatory limits of 5 rem
per person per year (see App. A). The assumptions used in estimating these beam
absorber exposures are as follows:

• The absorber design would allow efficient disassembly with minimal
exposure of personnel to radiation; it would have a graphite-
aluminum core that could be removed from the steel and concrete
support structure.

• The absorber would be 100 m (330 ft) below the surface in a suitable
cavern.

• Once disassembled, the absorber components could be moved to a
location beneath a shaft with suitable crane access.

• The absorber shield structure would consist of 113 premanufactured
concrete and iron blocks, each assumed (for the sake of simplicity)
to weigh 14 t (15 tons).

Worker radiation exposures during other decommissioning tasks would be much
less than those estimated for removal of the beam absorbers. Much of the other
exposures would be from efforts to decontaminate or remove (clean up) materials made
radioactive during SSC operation. Cleanup of the interaction regions would take an
estimated 80 person-hours and incur a dose of 0.1 person-rem. Cleaning up the
radioactive areas (hot spots) along the beam lines would involve a dose of 0.3 person-
rem. An average dose rate of 1 mrem/h has been assumed for each task.

Potential for radiological impact through the environmental pathways (e.g.,
contamination of groundwater and subsequent drinking of that water by humans) is
negligible. A conservative estimate by the SSC Central Design Group indicates that even
if the beam absorbers were left in place and if a conservative leaching factor of 1 were
used for tritium, possible contamination of groundwater with tritium would be less than
0.062 pCi/mL,4 about 320 times less than the EPA prescribed limits (40 CFR Part 141) of



TABLE 4.2 Summary of SSC Decommissioning Activities and Estimated Radiological and Cost Impacts

Decommissioning
Act ivity

Quant:ty

(m3 or '. ) a

Specific
Activity

()Ci/g)

Method of

Disposal (103

Effort

person-hours)

Cost
($106)b

Radiological

Impact
(person-rem)

Removal of Wastes Accumulated
Aboveground

Radioactive wastes
Hazardous wastes
Subtotal

217 mJ

38 m3
0.1 Off-site disposal
0 Off-site disposal

N/A
N/A
N/A

0.02c

N/A
0.02

Negligible
N/A

Removal of Above-
ground Facilities

Main ring area
Refrigeration and

power supply bldgs.
Pump and compressors

bldgs.
Other
Close shart
Salvage equipment
Subtotal

Excess electrical
power supply
Remove concrete
Salvage equipment
Misc.
Subtotal

Equipment storage
Store pumps, compressor,
and misc.

Store transformers and
circuit breakers

Subtotal

Clean Up Radioactive Areas
along the Beam Lines

Subtotal

3,499

3,499

2,100
835
N/A

30
N/A
N/A

N/A

N/A

-

t

t

t
t

t

0

0

0
0
0

0
0
0

0

0

10-2-10"4

Off-site disposal

Off-site disposal

Off-site disposal
Entomb
N/A

Off-site disposal
N/A
N/A

N/A

N/A

-

48.7

44.7

28.3
1.8

69.9
193.4

4,0
3.5
5.5
13.0

4.6

2.2

6.8

0.1
0.1

6.01

5.52

3.81
0.35
8.62

24.31

0.50
0.43
0.68
1.61

0.59

0.28

0.87

0.01
0.01

0
0
0
0

0
0
0
0

0

0

0

0.3
0.3



TABLE 4.2 (Cont'd)

Decommissioning

Activity

Quantity
(m3 or t) a

Specific
Activity
()Ci/g)

Method of

Disposal (103
Effort

person-hours)

Cost

(S106)b

Radiological

Impact

(person-rem)

Decommissioning of
Collision Halls
Remove concrete

Remove cooling towers
Remove air-handling

system
Remove misc. equipment
Close access shafts
Subtotal

Removal of Underground
Radioactive and Hazard
Wastes
Clean up interaction

region
Remove concrete shielding
Subtotal

Decommissioning of
Injector System
Closure of Linac
Close shaft
Salvage equipment
Remove air and LCW

system
Closure of LEB
Close shaft
Salvage equipment

Closure of MEB
Close shaft
Salvage equipment

Closure of HEB
Remove cooling towers
CLose shaft
Salvage equipment

327

410
N/A

N/A
N/A

0
6,400

26
N/A
N/A

25
N/A

119
N/A

500
215
N/A

t

t

t

t

t

t

t
t

10 u

0
0

1O"2-1O"5

N/A

10~3-l
10"6

0
0
0

0
<10 2

0
<10"2

0
0
N/A

Reuse or off-site
disposal

Off-site disposal
N/A

N/A
N/A

Off-site disposal
Off-site disposal

Entomb
N/A

Off-site disposal

Entomb
N/A

Entomb
N/A

Off-site disposal
Entomb
N/A

3.2

7.2
0.5

6.2
2.8
19.9

0.1
63.0
63.1

0.4
0.2
0.2

0.5
0e

0.8
0.1

3.6
0.6
N/A

0.40

0.89
0.03

0.76
0.67
2.75

0.03
7.76
7.79

0
0

0
0
0

0.1
Negligible

0.1

00

0.06
0.02
0.02

0.05
0.02

0.11
0.01

0.45
0.12
N/A

0
0
0

0
Negligible

0
Negligible

0
N/A



TABLE 4.2 (Cont'd)

Decommissioning
Activity

Quantity
(m3 or t) a

Specific
Activity Method of

Disposal
Effort Cost

(103 person-hours) ($106)b

Radiological
Impact

(person-rem)

Remove beam absorbers
Remove injector coolant

Subtotal

Removal of Main Ring
Beam Absorbers
Graphite
Aluminum
Steel
Remove beam absorber

coolant
Subtotal

TOTAL

227 m <20 pCi/mL
Off-site disposal

Used for solidifying
low-level waste

0.2
N/A

6.6

0.12
Negligible

0.98

9.4 t
68 t

3,300 t
1.6 mJ

23.6

2 x 10
0.84

-3

0.2
Negligible

0.2

Off-site disposal i
Off-site disposal J
Off-site disposal )

Used for solidifying
low-level waste

0.21

N/A

0.2

303.1

0.12ijJ

Negligible

0.12

38.46

41

Negligible

4

4.6

am = cubic meters; t = metric tons

b1988 dollars

cWaste is placed in a container at $105.95/m ($3/ft ) and retained on the site pending permanent disposal.

Includes service buildings and compressor buildings for HEB.

eLess than 0.1 x 103 person-hours.

Included with main ring.

^Quantity assumed to be the same as for main ring beam absorbers.

Specific activities assumed to be 52 of those of the main ring absorbers.

'Combined.

of removing core material from the tunnel and loading on trucks ready for delivery to permanent disposal site.
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20 pCi/mL for drinking water. With the removal of ail beam absorbers, as in the case
discussed in this report, any chances of contamination of groundwater by tritium would
be rather remote.

Other isotopes, which would have much smaller inventories and much shorter
half-lives than tritium (see Tables 3.1 and 3.2), would not pose any hazard to the
environment following decommissioning of the SSC.

With access to the tunnel sealed at decommissioning, any radioactive materials
left inside the tunnel would decay according to the half-life of each nuclide. Table 4.3
lists the specific activities of some sample components in certain SSC facilities following
the decommissioning. As can be seen from the data, all radioisotopes would have
decayed to negligible levels by 50 yr following decommissioning.

Based on this analysis, it is recommended that a certain level of institutional
control remain in place at the SSC .site for a limited period after decommissioning and
that environmental monitoring be conducted at the site to ensure that safeguards are
adequate to protect the public health and safety.

TABLE 4.3 Specific Activity of Sample Components following Decommissioning
of the SSC

Component
Principal
NucLides

Specific Activity (jjCi/g) up to 100
Years after Decommissioning

10 50 100

HEB target system
magnet

Protection
collimatora

54Mn

54Mn

50 2 x 10"4

2.5 9 x 10~6

x 10"10

x 10~10

x lO"10

x 10"10

Beam cleanup
region

Superconducting
magnet

54Mn

54Mn

6 x 10"1 2 x 10"6

7 x 10"A 2 x 10'9

x 10"10

x 10"10

x 10"10

x 10"10

aIn the interaction regions.

"In the storage ring.
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4.4.2 Cost Impacts

As shown in Table 4.2, the estimated total cost of on-site decommissioning
activities at the SSC facility is about $38 million (fiscal 1988 dollars), of which 60% or
more would be expended in dismantling the 11 service areas. Labor costs (including base
wages plus fringe benefits) would be the major component of the decommissioning
expenses. Other cost components would be contractor's overhead and profit, machinery
and equipment usage, and a contingency allowance. The basis of these estimated costs is
provided in App. B. Some of this cost could be offset by sale of salvageable materials, as
has been the case at CERN (see App. D of Ref. 5).
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5 CONCLUSIONS

For the purposes of this assessment, a single SSC decommissioning scenario has
been evaluated. The general decommissioning framework has been constructed on the
basis of guidelines prescribed by the DOE, with the ultimate goal of returning the site to
unrestricted use. For the most part, the bulk of the slightly radioactive materials, such
as the superconducting magnets, would be left entombed in the collider tunnel, with
provisions for possible future retrieval of the entombed materials. The energy boosters
also would be entombed. The main campus complex on the surface would be left in place
for future use, but most of the aboveground service areas supporting the main rings
would be dismantled and removed.

Potential nonradiological impacts are not assessed in this report, and the values
given for costs and radiation dose should be considered order-of-magnitude estimates
only. It would be necessary to incorporate more complete and site-specific information
into an environmental impact statement for decommissioning activities at some future
date near the end of the SSC's operating life.

Under the alternative addressed in this report, decommissioning of the SSC
facility would take about 1 yr, cost about $38 million (fiscal 1988 dollars), and incur an
estimated total worker radiation exposure of less than 5 person-rem.* About 6096 of the
cost would result from decommissioning the 11 service areas around the ring. The
worker radiation exposure would result primarily from removal of the collider beam
absorbers.

The current level of information and analysis indicates that decommissioning of
the SSC would be environmentally sound from a radiological perspective, with no undue
risks to the environment, general public, or decommissioning workers. With the removal
of the collider beam absorbers, where most of the radioactivity would be concentrated,
the potential of environmental contamination would be further diminished. It is
recommended that after completion of decommissioning, the DOE continue institutional
control over the site for a limited period. During that period, environmental monitoring
and surveillance should be conducted to ensure that safeguards are working as planned
and to verify that the site could be released to unrestricted use without endangering the
public health and safety.

•The estimates do not include any costs or exposures that would be incurred beyond the
site boundaries, such as those involved in transporting wastes to a disposal area, and no
economic credit has been taken for salvaged equipment.
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APPENDIX A:

REGULATORY CONSIDERATIONS

Decommissioning of particle accelerators ••has npt been a principal focus of
government regulatory activities. Subse'quently, the ;exact standards that would be
applied to the decommissioning of the SSC cannot- be specifically determined at this
time. It is anticipated that these standards will be extracted from the current body of
regulations, although many of these regulations do not have direct applicability. Tl.is
appendix discusses existing regulations that may be pertinent in formulating the
standards for the SSC decommissioning activities. Inclusion of such regulations in this
discussion should not be construed as a recommendation for their application. The
standards that are eventually established for the decommissioning will include such
considerations as current and future health risks, capability to determine if the standards
have been met, costs, land use restrictions, and other concerns.

The regulations and guidance documents summarized here are from the
U.S. Nuclear Regulatory Commission (NRC), the U.S. Environmental Protection Agency
(EPA), the U.S. Department of Energy (DOE), and the Department of Transportation
(DOT).

A.1 U.S. NUCLEAR REGULATORY COMMISSION

Pursuant to the Energy Reorganization Act of 1974 (Public Law 93-438), the
NRC was established as the primary licensing and regulatory body for nuclear
materials. Although the SSC would not be an NRC-licensed facility, many of the
standards and guidelines recommended by the NRC would serve as useful guidance for
decommissioning operations.

Standards for Protection Against Radiation (10 CFR Part 20). This regulation
establishes the standards for protection against radiation hazards arising from activities
licensed by NRC. These standards include exposure limits for individuals in restricted
areas (radiation workers), for individuals in unrestricted areas, and for concentrations of
radioactivity in air and water released to both restricted and unrestricted areas.
However, NRC is now considering revising and updating many of these limits; the
proposed revised limits are currently available for public comment.2

Currently, the principal limits for individuals working in restricted areas (i.e.,
occupational exposures) are established for a period of 13 weeks or one continuous
calendar quarter (Table A.1).

For members of the general population (people in unrestricted areas), no
individual may receive a dose to the whole body in excess of 0.5 rem in any period of one
calendar year. In addition, radiation levels in unrestricted areas are limited so that no
one may receive more than 2 mrem in any 1 h or 100 mrem during any seven consecutive
days.



TABLE A.1 NRC Limits for Occupational Radiation Exposure

Dose per
Calendar Quarter

Organ (rem)

Whole body, head and trunk, active
blood-forming organs, lens of eyes,
or gonads 1.25

Hands and forearms, feet and ankles 18.75

Skin of whole body 7.5

Of importance relative to exposure to workers and to individuals in unrestricted
areas is a further requirement that all potential exposures not only must not exceed the
standards, but should also be maintained at levels as low as reasonably achievable
(ALARA). This standard is applied in individual licensing actions to assess the licensee's
operations. In applying the standard, costs and other social considerations are taken into
account.

Finally, 10 CFR Part 20 contains a number of other criteria and requirements
related to radiation protection. These include requirements on surveys, personnel
monitoring, and posting; requirements for records, reports, and notification; and
requirements on receipt and shipment of packages containing radioactive material.

Licensing Requirements for Land Disposal of Radioactive Waste (10 CFR
Part 61). Land disposal is currently a viable alternative for certain low-level radioactive
wastes that would be generated at the SSC. This regulation outlines the standards and
procedures that apply if this waste is disposed by shallow land burial in a licensed
landfill. Briefly, the performance objectives described in these guidelines are to limit
the annual whole-body dose rate to an inadvertent intruder to 500 mrem and to limit the
radioactivity released to the general environmental to a level such that the annual dose
to any member of the public would not exceed 25 mrem to the whole body, 75 mrem to
the thyroid, and 25 mrem to any other organ. This leads to a segregation of various types
of wastes into three classes: Class A segregated wastes, Class B stable wastes, and
Class C intruder wastes. The concentrations of various radionuclides that govern this
segregation are presented in Table A.2. Other requirements for shallow land burial may
be found in 10 CFR Part 61.3

From Table A.2, it is seen that all the induced radioactivity in the components of
the SSC (see Sec. 3) would be classified as Class A low-level waste. If radioactive wastes
were sent to an NRC-licensed low-level waste storage facility, the regulations of 10 CFR
Part 61 would apply.



47

TABLE A.2 NRC Waste Classification System*

Radionuclide

Total of all nuclides with
less than 5-year half-life

Tritium

Carbon-14

Carbon-14 in activated metal

Nickel-59 in activated metal

Cobalt-60

Nickel-63

Niobium-94 in activated metal

Technetium-99

Iodine-129

Cesium-137

Alpha-emitting transuranic
isotopes (nCi/g)

Plutonium-241 (nCi/g)

Curium-242 (nCi/g)

Maximum Concentration
(uCi/cm , except as noted)

Class A
Segregated
Waste

700

40

0.8

8

22

700 .

3.5

0.02

0.3

0.008

1.0

10

350

2,000

Class B
Stable
Waste

b

b

c

c

c

b

70

c

c

c

44

c

c

c

Class C
Intruder
Waste

b

b

8.0

80

2.2

b

700

0.2

3

0.08

4,600

10

3,500

20,000

aSource: Modified from Ref. 3.

°No limits are established for these nuclides in Class B or C
wastes. Practical considerations such as the effects of
external radiation and internal heat generation on transpor-
tation, handling, and disposal will limit the concentrations
for these wastes. These wastes shall be Class B unless the
concentrations of other nuclides in the table determine the
Class C independent of these nuclides.

cClass B wastes are not applicable to these nuclides.
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A.2 U.S. ENVIRONMENTAL PROTECTION AGENCY

The EPA has two major functions that are pertinent to decommissioning:
(1) establishing general environmental standards and (2) providing guidance to federal
agencies in the formulation of radiation standards. The EPA has a responsibility for
establishing radiation standards through the transfer of authorities from the U.S. Atomic
Energy Commission and the former Federal Radiation Council by the President's
Reorganization Plan No. 3 of 1970. In addition, EPA promulgates radiation standards
under a variety of statutory authorities. These include the Federal Water Pollution Con-
trol Act, Clean Air Act and Amendments, Safe Drinking Water Act, and Resource
Conservation and Recovery Act. Regulations promulgated by EPA that have potential
relevance to the SSC decommissioning program are reviewed in the following paragraphs.

National Primary and Secondary Ambient Air Quality Standards (40 CFR
Part 50). Any surface activities during the SSC decommissioning might increase the
concentration of particulate matter (fugitive dust) in the air. The primary ambient air
quality standards for particulate matter with an equivalent aerodynamic diameter of
10 urn or less (PMJQ) are (1) an annual arithmetic mean not exceeding 50 ug/m3, and (2) a
maximum 24-h concentration of 150 yg/m>J not to be exceeded more than once per year.
Secondary ambient air quality standards are the same as primary standards.

National Emission Standards for Hazardous Air Pollutants (40 CFR Part 61). As
stated in the Clean Air Act, as amended in 1977, EPA is required to prescribe emission
standards for any air pollutant that would probably cause or contribute to an increase in
mortality or serious illness. On December 27, 1979, radionuclides were included as
hazardous air pollutants. Subpart H sets the national emission standards for
radionuclide emissions from DOE facilities. Emission of radionuclides in air must not
exceed an amount that causes a dose equivalent of 24 mrem/yr to the whole body or 75
mrem/yr to the critical organs of any member of the public.

EPA Administered Permit Programs: The National Pollutant Discharge
Elimination System, the Hazardous Waste Permit Program, and the Underground
Injection Control Program (40 CFR Part 122). The EPA issues permits in conjunction
with programs established by a number of acts. The programs include the following:

• Hazardous Waste Management Program under Subtitle C of the
Solid Waste Disposal Act, as amended by the Resource Conservation
and Recovery Act (RCRA) of 1976 (Public Law 94-580, as amended
by Public Law 95-609),

• Underground Injection Control (UIC) Program under Part C of the
Safe Drinking Water Act (Public Law 95-523 as amended by Public
Law 95-190),

• National Pollutant Discharge Elimination System (NPDES) Program
under Sections 318, 402, and 405(a) of the Clean Water Act (Public
Law 92-500 as amended by Public Law 95-217 and Public Law 95-
576),
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• Dredge or Fill Program under Section 404 of the Clean Water Act,
and

• Prevention of Significant Deterioration (PSD) Program under
regulations implementing Section 165 of the Clean Air Act (CAA) as
amended (Public Law 88-206 as amended).

Extensive revisions have recently been made to 40 CFR Parts 122 through 124 to
consolidate the program-permitting requirements for the RCRA and UIC programs with
those already established for the NPDES program. Also consolidated are the permit
issuance procedures for the PSD permits under the CAA with those permits issued for the
RCRA, UIC, and NPDES programs. Newly established are requirements for state
programs under the RCRA, UIC, and Section 404 programs.

Part 122 establishes definitions and general permitting requirements for RCRA,
UIC, and NPDES programs administered by EPA. These requirements include
applicability (i.e., who must apply for a permit); contents of permit applications;
mandatory permit conditions; and procedures for revision, reissuance, or termination of
permits. Certain requirements applicable to state programs also are presented.

State Program Requirements (40 CFR Part 123). Part 123 establishes
requirements and procedures for state programs for the management and control of
hazardous material, as well as procedures for EPA approval, revision, and potential
withdrawal of a state program. EPA programs that may be transferred to approved state
control include the RCRA hazardous waste program, UIC program, NPDES program, and
the Section 404 programs for controlling discharge of dredged or fill materials into the
waters of the United States. Included in Put 123 are requirements for public
participation in the issuance of permits.

Procedures for Decisionmaking (40 CFR Part 124). Part 124 establishes EPA
procedures for actions on permit applications made as part of the RCRA hazardous
waste, UIC, PSD, and NPDES programs. Included are procedures for public participation,
consolidated review and issuance of two or more permits to the same facility or for the
same activity, and appealing EPA decisions.

Criteria and Standards for the National Pollutant Discharge Elimination System
(40 CFR Part 125). Part 125 contains criteria and standards for making permit
determinations under the National Pollutant Discharge Elimination System. These
determinations become the basis for initial NPDES permit terms and any possible
conditions or modifications to those terms.

National Interim Primary Drinking Water Regulations (40 CFR Part 141). This
part establishes primary drinking water concentrations pursuant to Section 1412 of the
Public Health Service Act as amended by the Safe Drinking Water Act (Public Law 93-
523).

Hazardous Waste Management: General (40 CFR Part 260). The authority of the
EPA to promulgate regulations to protect human health and the environment is provided
under the authority of the Resource Conservation and Recovery Act of 1976, as
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amended — an act that significantly amended the earlier Solid Waste Disposal Act. The
intent of Part 260 Is to consolidate in one part several provisions that are generally
applicable to Parts 261 through 265. Major provisions contained in Part 260 include:

• Requirements that must be followed by generators, transporters,
owners, and operators of treatment, storage, and disposal (TSD)
facilities,

• Rules concerning EPA procedures to act on petitions for rule-
making and alternative analytical test methods, and

• A road map to the hazardous waste regulations providing general
guidance regarding the most important provisions of the regulations.

Hazardous Waste Management System: Identification and Listing of Hazardous
Waste (40 CFR Part 261). Part 261 identifies the criteria for the characteristics of
hazardous wastes and lists several wastes that must be managed as hazardous wastes.
Certain portions of Part 261 ~ particularly administrative and procedural portions — are
promulgated as final rules. Other portions — including the lists of hazardous wastes, the
criteria for listing hazardous waste, and the definitions of solid waste and domestic
sewage ~ are being issued as interim final regulations. Public comment on the interim
final regulations is encouraged prior to their being issued by EPA as final regulations.

According to the criteria, a solid waste is hazardous if it is listed in hazardous
waste regulations, is from a listed process, or is a mixture of a solid and hazardous
waste. Characteristics of hazardous wastes include ignitability, corrosivity, reactivity,
or extraction-procedure toxicity.

Certain wastes are specifically excluded from consideration as hazardous
wastes. These include domestic sewage; industrial point source wastewater discharges;
irrigation return flows; and source, special nuclear, or by-product materials.. Solid
wastes regulated under the Clean Water Act that are not hazardous include household
wastes, ash from burning of fossil fuels, and materials subject to in-situ mining
techniques but not removed from the ground. In addition, persons generating less than
100 kg of hazardous wastes (or less than 1 kg of acutely hazardous wastes) per month are
conditionally exempt from the requirements.

Standards for Generators of Hazardous Waste (40 CFR Part 262). Part 262
provides requirements for generators of hazardous waste. The regulation requires that a
person determine whether or not he/she generates a hazardous waste under the
requirements of Part 261. If so, and if the generator stores this hazardous waste on-site
for a period greater than 90 days, the generator is then considered to operate a waste-
storage facility that must comply with the detailed requirements of Parts 122, 264, and
265. If the generator stores the hazardous waste for less than 90 days and complies with
certain other requirements, such as containing and labeling wastes, he/she is only subject
to requirements as a waste generator.

The heart of Part 262 is the hazardous waste manifest system. This system is
meant to tract the generation, transport, and disposal of hazardous waste, and thereby
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reduce the likelihood of improper waste disposal. Under the regulation, generators are
required to identify themselves and to describe the waste (type, weight, and volume) on
the manifest that must accompany the waste shipment to the disposal facility. The
disposal facility to which the wastes will be sent must be indicated on the manifest, as
well as at least one alternative facility. A certification requirement is also included.
Other requirements in the regulation include stipulations for packaging, labeling,
marking, and placarding in compliance with DOT requirements in 49 CFR Parts 172, 173,
178, and 179.

Also of interest are the record-keeping and reporting requirements. After
receiving and disposing of a waste shipment, an operator of a waste-disposal facility
must sign the accompanying manifest document and return a copy to the waste
generator. If the waste generator does not receive the returned manifest document
within 35 days after the waste has been shipped, the generator must locate the waste
shipment and must submit an exception report to EPA, if the manifest document has not
been signed and returned within 45 days following shipment. Other requirements include
those for record-keeping and for annual reporting to EPA.

Standards for Transporters of Hazardous Waste (40 CFR Part 263). Part 263 sets
standards for transporters of hazardous waste. Under the regulation, a transporter must
not transport hazardous waste material without applying for and receiving an
identification number from EPA. The transporter may not accept a hazardous waste
shipment from a generator without it being accompanied by a manifest. The transporter
must then ensure that the manifest accompanies the hazardous waste and must deliver
the manifest to the disposal facility along with the waste shipment. In the event of a
hazardous waste discharge during transport, transporters have responsibilities to take
immediate action to protect public health and the environment.

Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and
Disposal Facilities (10 CFR Part 264) and Interim Status Standards for Owners and
Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities' (40 CFR
Part 265). Parts 264 and 265 are very closely related and were promulgated by EPA in
recognition of the existence of many hundreds of hazardous waste treatment, storage,
and disposal facilities. The Part 264 regulations will eventually apply to all owners and
operators. The primary purpose of Parts 264 and 265.3 is to set up the permitting
process for TSD facilities. The process includes detailed review of the application by
EPA and an opportunity for public comment or hearing.

A.3 U.S. DEPARTMENT OF ENERGY

The Energy Reorganization Act of 1974 (Public Law 93-438) abolished the
U.S. Atomic Energy Commission and transferred its programmatic responsibilities to the
U.S. Energy Research and Development Administration (ERDA). The functions of ERDA
were, in turn, transferred to the U.S. Department of Energy (DOE) by the Department of
Energy Organization Act of 1977. In many instances, DOE is self-regulating in that it is
responsible for the radiological health and safety and environmental protection at DOE
or DOE-owned and -operated facilities. Some of the DOE standards, guidelines, and
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specific legislation that may be pertinent to the decommissioning of the SSC are briefly
outlined below.

Requirement for Radiation Protection (DOE Order 5480.1 A, Chapter XI).5

Chapter XI establishes radiation protection standards and requirements for DOE and DOE
contractor operations. These standards are based on recommendations of EPA and
NCRP. In accordance with the ALARA philosophy, all radiation doses are required to be
kept as far below the limits as reasonably achievable.

Low Level Radioactive Waste Policy Amendments Act of 1985 (Public Law
99-240). This Act assigns the states responsibility for disposal of commercial low-level
radioactive waste (LLW) generated within their boundaries or within the region where
multistate compacts are in effect. DOE is required to provide a report that (1) defines
the regional disposal capacity required for current and future LLW, (2) describes the
status of all commercial LLW disposal sites, (3) evaluates the regional waste
transportation requirements, and (4) evaluates the capability of DOE disposal facilities to
provide interim storage for the commercial LLW.

A.4 U.S. DEPARTMENT OF TRANSPORTATION

Whether the wastes from a decontaminated SSC site are moved to an interim-
storage site or to a disposal site, the DOT may be among the cognizant regulatory
bodies. In accordance with a memorandum of understanding between NRC and DOT,
DOT has responsibility for developing standards for the following:

• Classification of materials,

• External radiation fields,

• Labeling and marking of packages and vehicles,

• Carrier equipment,

• Carrier personnel qualifications,

• Loading, handling, and storage procedures,

• Non-safeguards-related special transport control, and

• All other safety standards not developed by NRC.

The DOT regulations for transportation and packaging criteria are outlined in 49 CFR
Parts 171 through 179 and 397.°
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APPENDIX B:

DECOMMISSIONING COSTS

Details of the estimated costs for SSC decommissioning are-presented in
Table B.I. Labor costs, which include the base wage plus fringe benefits, ar.ethe major
component. Other cost components are contractors' overhead and profit,.machinery and
equipr ?nt use, small quantities of materials (such as cement, steel, and dirt), and a
contingency allowance. All costs are given in fiscal 1988 dollars. * . •--

The gross labor cost was obtained by multiplying the gross wage by the estimated
number of person-hours required to complete the task. The gross wage consists of the
basic wage plus fringe benefits (which include medical benefits, pension costs, vacation,
personal leave and disability, and training), social security, workers' compensation, and
other contributions. The gross wage in fiscal 1988 dollars is estimated to be $37.76 per
hour. The actual markups for the other components are as follows:

• Contractors' overhead and profit = 35% of gross labor cost,

• Machinery and equipment utilization cost = 137% of gross labor
cost, and

• Contingency allowance = 20% of gross labor cost plus contractors'
overhead and profit and machinery and equipment cost (contingency
is not applied to materials).

The estimated work effort and costs incurred in performing major decom-
missioning tasks are as follows:

1. Removal of Service and Compressor Buildings — This task would
require the removal of all salvageable equipment from the
buildings, the air separation plants, and the refrigerant storage
facilities; the demolition of the building structures and cooling
towers; removal of the concrete slabs for the buildings, cooling
towers, and transformer pads; and the closure of all access shafts
to the accelerator tunnel. This task would require about 193,400
person-hours of effort and cost $24 million.

2. Removal of Excess Electrical Power Facilities — This would
include salvage of transformers and circuit breakers, removal of
concrete from transformer pads, and removal of some miscella-
neous materials. Including equipment storage, this would require
about 19,800 person-hours of effort and cost $2.5 million.

3. Cleanup of Radioactive Areas along Beam Lines — This effort is
estimated to require 100 person-hours and to cost about
$0.01 million.
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TABLE B.1 Estimated Work Effort and Costs of SSC Site Decommissioning

Item
Effort Cost

(103 person-hours) ($106)a

Decommissioning of Service Areas
Remove Concrete
Compressor buildings
Service buildings
Cooling towers
Transformer pads
Subtotal

Demolish Buildings
Compressor buildings
Service buildings
Cooling towers
Subtotal

Salvage Equipment
Pumps and compressors
Transformers
Miscellaneous controls and wiring
Subtotal

Remove Refrigerant Storage
Containers
Pipe, valves, and fittings
Subtotal

Remove Liquid Nitrogen Plant
Cold box
Motors
Miscellaneous
Subtotal

Close Access Shaft
Labor
Materials
Subtotal

Subtotal—Service Areas

Excess Power Supply Removal
Remjve concrete
Remove transformers
and circuit breakers

Remove fences
Miscellaneous cleanup

21.6
24.9

5.9
9.2

61.6

23.1
23.8
13.2
60.1

3.7
1.1
1.3
6.1

50.8
10.2
61.0

1.3
0.7
0.8
2.8

1.8

1.8

193.4

2.67
3.07
1.05
1.13
7.92

2.85
2.94
1.63
7.42

0.46
0.14
0.16
0.76

6.26
1.25
7.51

0.16
0.09
0.10
0.35

0.22
0.13
0.35

24.31

4.0

3.5
3.3
2.2

0.50

0.43
0.41
0.27

Subtotal — Excess Power Supply 13.0 1.61
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TABLE B.1 (Cont'd)

Effort Cost:
Item (103 person-hours) ($106)a

Equipment Storage
Pumps and compressors 4.6 0.59
Transformers and circuit breakers 2.2 0.28

Subtotal — Equipment Storage 6.8 0.87

Injector Complex Decommissioning
Linac
Remove air circulation system
Remove LCWb system
Remove miscellaneous controls
Seal access shafts
Materials
Subtotal

LEB
Remove controls
Seal access shafts
Materials
Subtotal

MEB
Remove controls
Seal shafts
Materials
Subtotal

HSB
Removal of beam absorbers
Remove cooling towers
Seal access shafts
Materials
Subtotal

Subtotal—Injector Complex

Collision Hall Decommissioning
Remove concrete
Remove cooling towers
Remove air-handling system
Remove miscellaneous equipment
Close access shafts
Materials

Subtotal — ColLision Halls 19.9 2.75

0.1
0.1
0.2
0.4
-

O

oc
0.5
-
0.5

0.1
0.8
-

O

0.2
3.6
0.6
-
474

6.6

3.2
7.2
0.5
6.2
2.8
-

0
0
0
0
0
0

0
0
0
0

0
0,
0.
0,

0.
0.
0.
0.
0.

0.

0.
0.
0.
0.
0.
0.

.01

.01

.02

.05

.01

.10

.02

.04

.01

.07

.01

.09

.02

.12

.12

.45
,10
02
69

98

40
89
03
76
50
17
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TABLE ai (Cont'd)

N/A
0.2
0.1
0.1

63.0

63.4

303.1

0.02
0.12
0.01
0.03

7.76

7.94

28.46

Effort Cost
Item (103 person-hours) ($106)a

Radioactive and Hazard Waste Removal
Remove aboveground wastes
Remove main ring beam absorbers
Clean up beam line radioactive spots
Clean up interaction region
Remove interaction region portable
concrete shielding

Subtotal — Radioactive/Hazardous Waste

Grand Total—SSC Decommissioning

aCosts are in millions of fiscal 1988 dollars.

LCW = low conductivity water.

cAmount is less than 0.1 x 10 person-hours.

4. Decommissioning of Injector Complex — One of the most impor-
tant tasks here would be the closure of all tunnel access ways from
the injector complex, composed of the linac, LEB, MEB, and HEB.
This task would require removing some miscellaneous control
equipment, sealing the shaits, and fixing the grounds above. This
would require 6,600 person-hours and cost $0.98 million.

5. Removal of Beam Absorbers'— This task is estimated to require
about 100 person-hours of effort and to cost about $0.12 million.

6. Decommissioning of Collision Halls — This task would consist
basically of removing the cooling towers serving the collision halls,
removing miscellaneous equipment, demolishing the cooling
towers, removing concrete slabs, and closing and sealing the access
shafts. This task is estimated to require 19,900 person-hours of
effort and to cost $2.75 million.

7. Removal of Hazardous and Radioactive Wastes — This activity
would include removal of on-site accumulated wastes, abort beam
absorbers, portable concrete shielding at interaction regions, and
by-products from cleanup of radioactivity along beam lines and in
interaction regions. The task would require 63,300 person-hours
and cost $7.94 million.
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The conversion to fiscal 1988
dollars for the cost estimates presented
here was made using implicit deflators
calculated from construction cost data
from RTK, Inc.1 (RTK forecasted future
costs to obtain the 1988 figures.) These
deflators are presented in Table B.2. The
labor requirement coefficients for demol-
ishing several kinds of structures were
taken from Ref. 2, Table H.2.
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TABLE B.2 Implicit Deflators
for Construction*'1*

Item

Labor
Materials
Power
Total

1
1
1
1

1987

.0443

.0326

.0398

.0409

Year

1
1
1
1

1988

.0906

.0662

.0811

.0834

aSource: Calculated from
data in Ref. 1, p. 22.

b1986 = 1.00.


